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P-1000

In Vitro and In Silico Screening of Potential Cancer Inhibitors
from Cullen corylifolium (L.) Medik., Their Isolation and
Elicitation Through Cotyledon-Callus Cultures. VEENA
AGRAWAL and Tikkam Singh. Department of Botany,
University of Delhi, Delhi-110007, INDIA. Email:
drveena_du@yahoo.co.in

Medicinal plants have been reckoned as potential source
of novel drugs, effective against serious diseases includ-
ing cancer. Therapeutic potential of medicinal plants is
due to the accumulation and synthesis of plethora of bio-
molecules in their cells. However, major constraint per-
tains to the correct identification of elite germplasm, their
multiplication, evaluation and elicitation of the marker
compounds. Bioassays were conducted using plant ex-
tracts in different solvents against different cancer cell
lines e.g., glioblastoma, and cervical cancer. Cell viability
was tested through MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) and DNA fragmenta-
tion. Apoptosis was validated using fluorescent dyes acri-
dine orange and ethidium bromide. Crude extracts proved
more lethal compared to standard marker compounds
(psoralen, diadzein, and genistein). Green seed extract
was cytotoxic to U87 MG and U373 MG glioblastoma
cells at low doses( IC50 : 7.5, 7 and 6.6 μg/mL, respec-
tively for 24, 48 and 72h for U87 MG and 10.4, 10, and
4.3 μg/mL, respectively for 24, 48 and 72h for U373
MG). Psoralen, genistein, diadzein, were analyzed
through HPLC, TLC and isolated using column chroma-
tography and characterized using FTIR and NMR.
Tremendous enhancement in psoralen quantity was
achieved using salicylic acid, chitosan and proline in cul-
ture medium. In silio docking of marker compounds on
four cancer drug targets (protein receptors) revealed that
genistein docked favourably to all the four receptors
(EGFR, VEGFR2, CDK2, BCL2) followed by diadzein
and psoralen. Work related to in vitro and in silico tech-
nology, bio-efficacy study, isolation of bioactive com-
pounds and their elicitation will be presented.

P-1001

Assessment of Thiaminase and Arginase on Mesocarp and
Seeds of Cherry Tomato. AJIBOYE ABIODUN AKEEM1,
O. O. Oketayo2, O. A. David1, J. O. Agbolade1, T. O.
Ajewole1, M. A. Adekoya1, R. J. Komolafe1, and B.
Ofoyebi1. 1Department of Plant Science and Biotechnology,
Faculty of Sciences, Federal University Oye-Ekiti, P.M.B 373,
Ekiti State, NIGERIA and 2Department of Physics, Faculty of
Science, Federal University, Oye Ekiti, NIGERIA. Email:
abiodun.ajiboye@fuoye.edu.ng

The quantitative determination of thiaminase and arginase
was carried out to evaluate their activity in seed and me-
socarp of cherry tomato (Solanum esculentus ) .
Thiaminase concentration in seed and mesocarp was taken
at 411nm while the absorbance of Arginase was deter-
mined at wavelength of 450nm. Thiaminase activity was
0.107 and 0.195μmol/ml//min in seed and mesocarp re-
spectively. The tomato had arginase absorbance of 0.310
and 0.198μmol/ml/min for seed and mesocarp respective-
ly. The protein concentration as revealed by the study
shows that tomato is not a high protein food. In investi-
gating the kinetic parameters of thiaminase, the Km
values for aniline and thiamine as substrates were
0.0571mM and 0.099mM, 7.27mM and 0.0074mM for
seed and mesocarp respectively. Their corresponding
Vmax values were 0.7062 and 0.2386, 0.316 and
0.273μmol/ml//min respectively for seed and mesocarp.
The optimum activity of thiaminase was observed at pH
5.0 and 7.0 for seed and mesocarp respectively. This pres-
ent study may have established that tomato is nutritionally
efficient because of its low thiaminase content.

P-1002

Beneficial Interactions of P. putida with Different Dicot
Plants in In Vitro Conditions. ÖZLEM AKKAYA and
Ebru Arslan. Gebze Technical University, Department
of Molecular Biology, 41400, Kocaeli, TURKEY.
Email: ozlem@gtu.edu.tr
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Plant growth-promoting rhizobacter ium (PGPR)
Pseudomonas putida (P. putida) is a soil bacterium that can
colonize the rhizosphere of plants in a variety of soils includ-
ing agricultural and contaminated ones. It can metabolize dif-
ferent organic compounds, and is thereby a suitable candidate
for many applications including phytoremediation.
Previously, its ability to adhere to monocot seeds and colonize
the rhizosphere of the crop plants has been shown in monocot
species (Espinosa-Urgel and Ramos, 2004). However, there is
no detailed information about its effect on dicot seeds and
plant growth in in vitro conditions. In this study, the experi-
mental setting e.g. inoculation techniques, inoculum concen-
trations and timing similar to monocots were used to evaluate
the effect of P. putida on the germination and seedling growth
of two different dicots. Furthermore, the influence of the bac-
terium on the root morphology of both plants was observed
and rhizospheric localization of GFP-tagged P. putida was
also determined by microscopy analysis. The results obtained
from this in vitro study show that P. putida has positive inter-
actions with both monocot and dicot models and hence, it has
an important potential for use in agriculture.

P-1003

Development of Insect Resistant Potato Transplastomic Lines.
ALLAH BAKHSH1, Faiz Ahmad Joyia2, Md. Jakir Hossain1,
Emre Aksoy1, Neslihan Zahide Öztürk Gökçe1, Ghulam
Mustafa2, and Muhammad Sarwar Khan2. 1Department of
Agricultural Genetic Engineering, Faculty of Agricultural
Genetic Engineering, Nigde Omer Halisdemir University,
Nigde, TURKEY and 2Centre of Agricultural Biochemistry
and Biotechnology (CABB), University of Agriculture,
Faisalabad, PAKISTAN. Email: abthebest@gmail.com

Chloroplast transformation is becoming a popular gene
transformation methodology due to various advantages
like high protein levels, the feasibility of expressing mul-
tiple proteins from polycistronic mRNAs, transgene
stacking in operons, lack of epigenetic interference
allowing stable transgene expression and gene contain-
ment through maternal inheritance of plastome. The use
of transplastomic plants enconding resistance against in-
sect pest of crops has already been established. The pres-
ent study is being conducted to develop transplastomic
lines by incorporating hybrid insecticidal gene (SN-19)
and cry3A to potato transplastome. Potato Chloroplast
Transformation Vector PCTV 9110 was developed by
cloning SN-19 and cry3A genes under the control of
psbA promoter. Plastome sequences comprising mainly
of trnA and trnI were used as flanking sequences of
PCTV 9110. Further, this vector contains FLARE-S as
selectable marker under the control of prrn promoter,
derived by the fusion of aadA and gfp genes to provide

dual selection on plant regeneration medium. Potato
transplastomic lines are being generated for different
commercially grown potato cultivars using biolistic trans-
formation. Leaf and internodal segments obtained from
in vitro cultured plants are used as explants. The prelim-
inary results of regeneration and foreign gene integration
in transplastomic plants will be presented at meeting.

P-1004

Cloning and Characterization of Dehydrin Genes from
Atriplex Species. MONTHER T. SADDER1, Anas
Musa l l am1 , 2 , and Sae id Abu-Romman3 . 1P lan t
Biotechnology Lab, Department of Horticulture and
Crop Science, Faculty of Agriculture, University of
Jordan, Amman 11942, JORDAN; 2Biotechnology
Research Directorate, National Agricultural Research
Center, PO Box: 639, Baq'a 19381, JORDAN; and
3Department of Biotechnology. Faculty of Agricultural
Technology, Al-Balqa Applied University, Al-Salt
19117, JORDAN. Email: sadderm@ju.edu.jo

Atriplex species can survive harsh environments and be-
long to the Chenopodiaceae family, which contains major
crop plants e.g. spinach, sugar beet and quinoa. The
Dehydrin (DHN) gene is a member of the abiotic stress
responsive gene family "Late Embryogenesis Abundant
II". DHN protein has three conserved segments (Y, S
and K segments). Atriplex DHN proteins belong to the
SK3-segment type (one S-segment and three K-seg-
ments). In this study, DNA and RNA were isolated from
nine Atriplex species and DHN expressed sequence tags
(ESTs) were cloned and characterized. Multiple sequence
alignment of generated DHNs revealed two gaps present
in all analyzed species except for A. canescens. Novel S-
segment forms, which differ from the standard six-serine
residues (SSSSSS) were detected such as in A. halimus
(MH591431) with a cysteine residue (SSCSSS), in
A. nummularia (MH591434) with three cysteine residues
(SCCCSS), in A. nummularia (MH591435) with a threo-
nine (STSSSS) and in A. gardneri var. utahensis
(MH591436) with an isoleucine residue (SISSSS). All
K1-segments were found to be identical in all investigat-
ed Atriplex species. However, K2-segment and K3-
segment were less conserved with several substitutions
specifically in A. nummularia (MH591434). The con-
structed parsimonious phylogenetic tree showed that
DHN proteins from Atriplex species were clustered to-
gether in a super-clade with 83% bootstrap value as com-
pared to remaining homologs from related genera. Based
on A. nummularia and other species data, it can be con-
cluded that one or two DHN genes could be present in
each Atriplex species.
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P-1005

Application of Protoplast Technology for Genome Editing in
Physalis Species. NATHAN T. REEM1, Linnell B. Randall1,
and Joyce Van Eck1,2. 1Boyce Thompson Institute, Ithaca, NY
and 2Plant Breeding and Genetics Section, Cornell University,
Ithaca, NY. Email: ntr27@cornell.edu

CRISPR/Cas9 has enabled quick and precise generation of
mutational gene knockouts. Delivery of CRISPR/Cas 9
editing components into plant cells is routinely conducted
by Agrobacterium tumefaciens-mediated transformation.
Though reliable, this delivery method has substantial draw-
backs: it requires genomic integration of Cas9, and is rela-
tively low-throughput for assessing gene targeting designs
for desired outcomes. The drawbacks are compounded
when guide RNAs (gRNAs) are inefficient, or with ap-
proaches that result in low efficiency, such as promoter
modification and gene knock-in. These approaches require
higher throughput to generate a sufficient amount of
mutagenized alleles. Protoplast transformation is an ideal
alternative because high-throughput levels of gene editing
can be achieved through transient Cas9 expression. We are
developing a protoplast gene editing method for Physalis
pruinosa, a semi-domesticated member of the Solanaceae
family. First, we optimized protoplast isolation from 2-3-
week-old seedlings, and used PEG-mediated transforma-
tion for transient expression of a plasmid containing Cas9
and gRNA. Based on this approach, we developed a quick
method to screen gRNAs, and obtained accurate estimates
of cut efficiency for individual gRNAs. After transforma-
tion, protoplasts were cultured in a liquid medium and
microcallus formation was observed within 14 days.
Microcalli were transferred to solidified medium, and con-
tinued dividing to form larger callus within 30 days. We are
also pursuing improvement in gene knock-in utilizing small
(< 300 bp) homology arms to achieve a 2-codon substitution
in the coding sequence of green fluorescent protein, and a
single-codon substitution in a native gene homologous to
the brix mutation in tomato. Initial results will be presented.

P-1006

Transcriptomic Response of the Novel Plant Engineering
Bacterium Ensifer adhaerens OV14 During Colonization of
A. thaliana Roots. EVELYN ZUNIGA-SOTO1,2, David
Fitzpatrick3, Fiona Doohan2, and Ewen Mullins1. 1Teagasc,
Crops Environment and Land Use Programme, Oakpark
Crops Research Centre, Carlow, Rep. of IRELAND; 2UCD
Earth Inst i tute and UCD School of Biology and
Environmental Sciences, University College Dublin,
Belfield, Dublin 4, IRELAND; and 3Department of Biology,
National University of Ireland Maynooth. Maynooth,

I R E LAND . Em a i l : e v e l i n t a t i @ gm a i l . c o m ,
Ewen.Mullins@teagasc.ie

Ens i f e r adhae ren s OV14 i s a s o i l - a s s o c i a t e d
alphaproteobacteria with proven ability to transfer T-DNA
into plant cells. Since Ensifer Mediated Transformation
(EMT) is a viable alternative to Agrobacterium transforma-
tion, it is important to understand the basic biology behind
the molecular mechanisms conferring DNA transfer capabili-
ty. A time course experiment involving Arabidopsis thaliana
roots colonized by E. adhaerens in the presence of
acetosyringone (AS) was set in place. Bacterial RNA was
extracted at time points: day 0 (D0), day 1 (D1), day 2 (D2),
day 3 (D3), day 5 (D5) and day 7 (D7); T-DNA transfer in root
cells was corroborated by histochemical GUS staining, reveal-
ing a significant increase in the number of blue foci obtained
across time. RNAseq revealed a total of 2333 differentially
expressed genes between the root-treated and untreated bac-
teria. The transcriptomic profile of most of the virulence genes
revealed a drastic induction from D0 to D1 followed by a
decrease in subsequent time points. The expression profile
of chromosomal genes related to quorum sensing, flagellin
production and biofilm formation potentially involved in the
transformation process were evaluated. These findings sug-
gest a specific transcriptional response occurring in bacterial
cells treated with plant tissue. Together, these results are first
steps towards the development of projects focused on the im-
provement of EMT.

P-1007

Improving Homology Directed Repair Mediated Genome
Editing in Plants. RAVIRAJ BANAKAR1,2,3, Xiaojun
Kang1,2,3, and Feng Zhang1,2,3. 1Department of Plant and
Microbial Genomics, University of Minnesota, Minneapolis,
MN; 2Center for Precision Plant Genomics, University of
Minnesota, Minneapolis, MN; and 3Center for Precision
Genome Engineer ing, Univers i ty of Minnesota ,
Minneapolis, MN. Email: rbanakar@umn.edu

In recent years, significant advances in genome editing tech-
nologies have made it possible to create desirable modifica-
tions in nearly any given genome sequence. Most genome
editing approaches require generation of targeted double
strand breaks (DSBs) by sequence specific nucleases (SSNs)
in the living cells. The resulting DSBs can be repaired by the
endogenous DNA repair machinery through either non-
homologous end joining (NHEJ) or homologous recombina-
tion (HR) pathways. The NHEJ-mediated DNA repair is an
error-prone process that often leaves small deletions/insertions
(Indels) at the target site. In contrast, the HR pathway copies
the genetic information from homologous repair templates
resulting in much precise repair outcomes. Thus, homology-
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dependent repair (HDR) is often used to introduce specific
base changes at the target site. However, HDR-mediated ge-
nome editing is still very inefficient in plants. In this project,
we sought out to improve the HDR-mediated genome editing
frequency by means of optimizing the HDR reagents and de-
veloping new methods. Our results demonstrate a significant
improvement in HDR-mediated genome editing in the somat-
ic cells of plants. Furthermore, we will employ our proven
approach to test the efficacy of the approach to improve
HDR in agriculturally important crops. Hence, our work not
only addresses the basic science of DNA repair mechanism
but also offers improvement of HR mediated gene targeting to
help achieve global food security.

P-1008

Towards Engineering Multiple Stress Tolerance in Vigna
mungo (Black Gram) Utilizing the Aldose Reductase Gene
from a Resurrection Plant. D. KUMAR1, P. Singh2, and N.
B. Sarin2. 1Central University of Jammu, Rahya-Suchani
(Bagla), District-Samba181143, Jammu (Jammu &
Kashmir), INDIA and 2School of Life Sciences, Jawaharlal
Nehru University, New Delhi 110067, INDIA. Email:
deepakkumar@cujammu.ac.in

Drought and salinity exert osmotic stress on terrestrial plants
causing water deficit, which consequently affects plant growth
and development. Therefore, these stresses are recognized
among the most serious challenges to crop production world-
wide. Vigna mungo (blackgram) is an important leguminous
pulse crop, which is grown for its protein rich edible seeds and
the growth and productivity of the crop plants is adversely
affected by these stresses. The ALDRXV4 belongs to the
aldo–keto reductase superfamily of enzymes that catalyze
the reduction of carbonyl metabolites in the cells and plays
an important role in the osmoprotection and detoxification of
the reactive carbonyl species. In the present study, we devel-
oped transgenic plants of V. mungo using Agrobacterium me-
diated transformation. The transgene integration was con-
firmed by Southern blot analysis whereas the expression was
confirmed by RT-PCR,Western blot and enzyme activity. The
T1 generation transgenic plants displayed improved tolerance
to various environmental stresses, including drought, salt,
methyl viologen and H2O2 induced oxidative stress. The in-
creased aldose reductase activity, higher sorbitol content and
less accumulation of the toxic metabolite, methylglyoxal in
the transgenic lines under non-stress and stress (drought and
salinity) conditions resulted in increased protection through
maintenance of better photosynthetic efficiency, higher rela-
tive water content and less photooxidative damage. The accu-
mulation of reactive oxygen species was remarkably de-
creased in the transgenic lines as compared with the wild type
plants. Together, these findings suggest the potential of

engineering aldose reductase levels for multiple stress toler-
ance in blackgram and is the first report to date and this strat-
egy for trait improvement is proposed to provide a novel
germplasm for blackgram production on marginal lands.

P-1009

GAANTRY: A Precise and Robust Agrobacterium-based
Gene Stacking System for Crop Improvement. LEYLA
HATHWAIK, James Thomson, and Roger Thilmony. Crop
Improvement and Genetics Research Unit, USDA-ARS,
Albany, CA. Email: leyla.hathwaik@ars.usda.gov,
roger.thilmony@ars.usda.gov

The genetic engineering of plants provides a means for crop
improvement, and the introduction and expression of multiple
genes can produce new traits that would otherwise be difficult
to obtain through conventional breeding. GAANTRY (Gene
Assembly in Agrobacterium by Nucleic acid Transfer using
Recombinase technologY) was shown to be a precise and
robust system to stably stack multiple genes within an
Agrobacterium virulence plasmid Transfer-DNA (T-DNA)
and obtain high-quality Arabidopsis transgenic events . To
examine GAANTRY’s ability to engineer a monocot crop
species, a new T-DNA carrying eleven cargo sequences de-
signed for rice transformation was assembled. The 36.8 kilo-
base pair 11-stack GAANTRY strain allowed the generation
transgenic rice. Characterization of 37 independent transgenic
events demonstrated that more than 50% of the plants carried
all of the inserted cargo. Additionally, 18% of the lines were
good-quality events that carried a single copy of the T-DNA
free of sequences outside of the T-DNA left border. Therefore,
GAANTRY provides a simple, precise and versatile tool for
transgene stacking for crop improvement

P-1010

Knockout of Potato Invertase Inhibitor Gene by CRISPR/
CAS9 Based Approach. S. D. DANGOL1, A. Barakate2, M.
E. Caliskan1, and A. Bakhsh1. 1Department of Agricultural
Genetic Engineering, Faculty of Agricultural Sciences and
Technologies, Nigde Omer Halisdemir University, Nigde,
TURKEY and 2Cell and Molecular Sciences, The James
Hutton Inst i tute, Invergowrie, Dundee, UNITED
KINGDOM. Email: sarbesh_dangol@outlook.com

Potato is the third-most crucial crop worldwide (Barrell et al.,
2013) with Turkey ranking 22nd in terms of the production
area, whereas 15th for quantitative production (Caliskan
et al., 2010). Various pathogen infections afflict potato yield
with colossal economic losses every year. Upon the infection
of plants via pathogens, cell-wall invertase (CWIN) enzyme
could play a potential role in plant defense mechanism (Sun
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et al., 2014). CWIN and/or possibly vacuolar invertase (VIN)
enzyme levels could be affected by the invertase inhibitor
enzyme (Tang et al., 2017), which can be illustrated via gene
knockout study such as CRISPR/Cas9 (Clustered regularly
interspaced short palindromic repeat)-Cas9 (CRISPR-
associated nuclease 9) technology in potato. This study could
be powerful in determining the possible function of invertase
inhibitor gene (Inv-Inh) in unraveling the mechanism of plant-
host defense in potato. We have designed and cloned two
potential Inv-Inh gene-specific single guided RNAs
(sgRNAs), in a CRISPR vector, as established from the se-
quencing information of diploid M6 and tetraploid Desiree
potato cultivars. So far, we are developing gene edited pota-
toes via Agrobacterium-mediated transformation of M6 and
Desiree potato cultivars with the sgRNA-cloned CRISPR vec-
tors. Soon, our research will generate gene-edited potato
plants, which we will verify using genotyping and sequenc-
ing, and the efficacy analysis for mutagenesis shall also be
elucidated.

P-1011

The Ovate Family Proteins (OFPs), Targets of Shoot-
Meristemless (STM), Are Essential for the Meristem
Development and Fruit Shape Formation. MINGXI ZHOU1,
Kathryn Barton2, and Tie Liu1,2. 1University of Florida,
Horticultural Science Department, 2550 Hull Road,
Gainesville, FL 32611 and 2Stanford University, Carnegie
Institution for Science, Stanford, CA 94305. Email:
Mingxi.zhou@ufl.edu

Plant development is the process in which cell division in the
meristem provides new cells for expansion and differentiation
of tissue resulting in the initiation of new organs. In
Arabidopsis, the SHOOTMERISTEMLESS(STM) gene en-
codes a class I KNOTTED-LIKE HOMEODOMAIN
(KNOX) transcription factor that is required for the initiation
and maintenance of the shoot apical meristem (SAM).
Genome-wide analyses of the downstream gene targets for
STM have identified gene regulatory networks and cellular
pathways that potentially involved in the meristem differenti-
ation and organ development. Among these stringent targets,
we focus on the OVATE FAMILY PROTEINS(OFPs).
Members of the OFP gene family were found to play roles
in the regulation of cotyledon development and in the deter-
mination of fruit shape. To identify the genes that are regulated
by OFP, we constructed an estradiol-inducible line of OFP
(EST: OFP) and are performing RNA-sequencing analyses.
The study focused on the functions of OFPs as well as the
genetic interaction between OFPs and STM in Arabidopsis
would provide valuable information for understanding the
functions of proteins that are involved in the organ develop-
ment. Interestingly, the function of STM and members of

KNOX genes are conserved among plant species. In strawber-
ry, the meristem regulators including FvSTM are abundant in
receptacle during fruit enlarge stages and the KNOX genes are
responsible for the variation in floral and fruit morphology.
Given the possibility of gene redundancy in the OFP gene
family, we are establishing inherited CRISPR/Cas9-induced
mutants of diploid strawberry Fragaria vesca, targeting mul-
tiple endogenous FvOFP genes. Tins study will reveal the
functions of OFPs in modulating development as well as the
genetic interaction between STM and OFP gene family in
both Arabidopsis and strawberry. In addition, it may provide
an incredibly useful tool for genome editing and functional
analyses of genes in crop plants.

P-1012

Development of Variegated Lettuce Using CRISPR/Cas9
Technology. CHI L. NGUYEN1a, Juncheng Li1a, Shoumian
Li1, Baiquan Mou2, and Heqiang Huo1. 1Mid-Florida
Research Center, University of Florida, Apopka, FL 32703
and 2ARS /USDA, Sa l i n a s , CA 93905 . Ema i l :
Chi285@ufl.edu

The need for gene edited plants to combat issues of growing
population rate, extreme weather, and reduced agricultural
land availability is more evident than ever as growers are
struggling to adapt to the changing environment. The clus-
tered, regularly interspaced, short palindromic repeat
(CRISPR)-CRISPR associated endonuclease 9 (CRISPR/
Cas9) system has emerged as a powerful approach for preci-
sion breeding to create plants with desirable traits. However,
gene editing efficiency of CRISPR/Cas9 in plant relies on the
efficacy of generating transgenic plant or tissues with high
expression of Cas9 endonuclease. Here, we have constructed
a CRISPR-Cas9 vector containing a fused NPT-GFP for high-
efficiency gene-editing in annual flowering plants. The high
expression of GFP during plant regeneration allowed us to
minimize the positional effect on T-DNA expression and pref-
erentially select transgenic seedlings with high expression of
Cas9. With this construct, we have targeted the variegation
gene LsVar2 in lettuce. Forty independent lines were generat-
ed, 27 of which showed strong GFP signals. Six of 27 T0
transgenic lines with GFP signals exhibited variegated leaves.
Albino seedlings were observed in segregated progenies of
these variegated lines, and sequencing results revealed that
homozygous mutations created by Cas9 editing occurred to
all these albino seedlings. By contrast, heterozygous muta-
tions were only identified in the plants with variegated leaves
and significantly reduced chlorophyll content, and these plants
were able to grow and mature normally. Therefore, in addition
to confirming the efficiency of the CRISPR-Cas9 vector, our
data also provide a proof-of-concept for targeting VAR2 gene
in ornamental plants where variegation phenotype is highly
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favorable. In conclusion, the unique designing of our
CRISPR/Cas9 construct allow us to improve gene-editing ef-
ficiency and efficiently screen non-TDNA mutants through
detecting GFP signals during plant regeneration and progeny
segregation.

P-1013

Development and Validation of a Novel Soybean (Glycine max
(L.) Merr.) Cell Suspension Culture for High-throughput
Promoter Screening. MST SHAMIRA SULTANA1,2, Taylor
P. Frazier-Douglas1,2, Reginald J. Millwood1, Scott C.
Lenaghan2,3,4, and C. Neal Stewart, Jr.1,2. 1Department of
Plant Sciences, University of Tennessee, Knoxville, TN;
2Center for Agricultural Synthetic Biology, University of
Tennessee Institute of Agriculture, Knoxville, TN;
3Department of Food Science, University of Tennessee,
Knoxville, TN; and 4Department of Mechanical, Aerospace,
and Biomedical Engineering, University of Tennessee,
Knoxville, TN. Email: msultana@vols.utk.edu, corresponding
author: nealstewart@utk.edu

Transient reporter gene assays can be valuable to rapidly esti-
mate expression characteristics of heterologous promoters.
The challenge for maximizing the value of such screens is to
combine relevant cells or tissues with methods that can be
scaled for high throughput screening, especially for crop- rath-
er than model species.We describe herein a novel leaf-derived
soybean cell suspension culture (LDSC) that is amenable for a
low-cost method for protoplast isolation, which was used for
screening endogenous promoters. LDSC-derived protoplasts
were validated against known promoter expression profiles
from tissue-derived protoplasts (leaves, stems and immature
cotyledons). LDSCs can reliably produce 2.82 ± 0.94×108

protoplasts/g fresh culture mass with a transfection efficiency
of 30.65 ± 2.70% at 48 hours after incubation. Transfected
LDSC-derived protoplasts harboring promoter-reporter gene
DNA expression levels were highly relevant to that of leaf-
and stem-derived protoplasts (correlation coefficient of 0.99
and 0.96, respectfully) harboring the same constructs. LDSC
expression was also significantly correlated to endogenous
promoter-gene expression in leaf tissues as measured by
qRT-PCR analysis (correlation coefficient of 0.80). In summa-
ry, a reliable leaf-derived soybean cell suspension culture was
developed that enables low-cost, facile protoplast isolation
and transformation, a necessary requirement for automation
of heterologous promoter screening for use in soybean bio-
technology.

P-1014

Multiplex Genome Editing in the Illinois Long Term Selection
Experiment. STEPHEN J. JINGA, Brian Rhodes, Eddie Ross,

Anna Parkinson, and Stephen Moose. Department of Crop
Sciences, University of Illinois Urbana-Champaign, Urbana,
IL 61801. Email: sjinga2@illinois.edu

The Illinois Long Term Selection Experiment (ILTSE) is a
unique maize germplasm resource for studies of genome evo-
lution and genetic variants that contribute to phenotypic traits.
Moreover, some of the ILTSE genotypes create highly regen-
erable embryogenic type I callus, which enables transforma-
tion and genome editing approaches to characterize gene func-
tion. Here, we describe results from site-specific mutagenesis
by CRISPR-Cas9 in Illinois Low Protein (ILP). We have ini-
tially targeted two genes of interest: Lemon White 1 (Lw1) and
L-Asparaginase (ASNase). The Lw1 experiments were per-
formed as a proof of concept to generate albino plants easily
detectable in a population of regenerated plants, while ASNase
experiments attempt to validate the contribution of this gene to
the phenotypic variation for grain protein concentration ob-
served in the ILTSE. For each gene, we designed multiple
guide RNAs and tested their function using an in vitro Cas9
cleavage assay. Plasmids were created where Cas9 and ribo-
nuclease Csy4 were controlled by the maize ubiquitin 1 pro-
moter and an array of four guide RNAs separated by Csy4
spacers were expressed as a single transcript driven by the
strong viral Cestrum (CmYLCV) promoter. This strategy al-
lows us to minimize plasmid size and for multiplexed
guideRNAs. Vectors were delivered to embryogenic calli
using biolistics in the absence of morphogenic regulators,
and transgenic events selected. Multiple mutant albino plants
indicative of biallelic mutations were recovered from the
Lemon White 1 experiment in both the ILP and H99 control
genotypes at ~2% efficiency. DNA sequencing demonstrated
the creation of various types of mutant alleles. Screening of
ASNase events is ongoing with a population of over 100 re-
generated plants. Our experiments demonstrate the first
CRISPR-Cas9-Csy4 multiplexed editing in maize, which
serves as a platform for continuing experiments in studying
kernel composition and nitrogen use in the ILTSE.

P-1015

In Vitro Propagation of Asclepias spp. for Monarch Butterfly
Habitat Restoration. ANGELO ALVAREZ, Savannah St.
Clair, John Creedon, Elnura Maine, and Daila Melendez.
Los Angeles Pierce College, 6201 Winnetka Ave, Woodland
Hills, CA 91371. Email: alvarezangelo96@gmail.com

Asclepias fascicularis is one of the few possible hosts for the
Monarch butterfly in California, a plant pollinator being con-
sidered for Federal Protection under the Endangered Species
Act (U.S. Fish and Wildlife Service). The purpose of this
study was to investigate the optimal media formulations for
propagating Milkweed plants (Asclepias spp.) in-vitro; the
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overarching goal was to enhance and restore pollinator habi-
tats. Challenges facing habitat restoration in Southern
California include difficulties with traditional propagation
methods in Asclepias fascicularis and high contamination
levels due to close association with insect activity.
Micropropagation, callus proliferation, and seed germination
trials were performed with the species A. fascicularis. This
study is also precedent to and a resource for protocol devel-
opment involving plants in the same genus (Asclepias), or
family (Apocynaceae). Preliminary results revealed optimal
concentrations for active shoot growth from nodal segments,
yielding approximately 6 nodes per explant after 4 weeks. The
preferred shooting medium was comprised of ½ strength MS
salts and vitamins, 3% sucrose, 0.6% agar, 0.25 g/L AC and
pH of 5.8. Contamination was less of a problem starting from
seed than from wild cuttings. The effect of gibberellin proved
beneficial for seed germination. The most efficient germina-
tion (66.6%) was observed without cold stratification on a
medium comprised of ½ strength MS salts and vitamins, 3%
sucrose, 0.6% agar, 5.76 μM GA3, and a pH of 5.8. Callus
cultures of A. fascicularis were successfully grown from stem
segments on media comprised of ½ strength MS salts and
vitamins, 3% sucrose, 0.6% agar, 1.13 μM 2,4-D, and 5.8
pH. Further experiments with organogenesis and somatic em-
bryogenesis may include shoot regeneration and the potential
induction of phenotypic variability. The protocols developed
here may be useful for other related species such as
A. speciosa, A. californica, A. erosa, and A. meadii. A. meadii
is of distinct interest due to its rare and endangered status and
difficulty with seed propagation.

P-1016

Recombinase Technology for Gene Stacking; From Microbes
to Plants. Leyla Hathwaik, Upul Hathwaik, Troy Weeks, Nic
Nottingham, Roger Thilmony, and JAMES THOMSON.
USDA-ARS-CIG, 800 Buchanan Street, Albany CA 94710.
Email: James.Thomson@ARS.USDA.GOV

Recombinase-mediated genetic engineering provides a favor-
able direction for precise gene stacking. The process termed
Recombinase Mediated Cassette Exchange (RMCE) can be
applied to any genome or vector system. Recent work from
our labs has demonstrated the use of RMCE for T-DNA build-
ing directly into the Agrobacterium virulence plasmid and its
concomitant transfer to the plant genome with high fidelity.
This stacking system (termed GAANTRY) appears to have an
exceptionally large capacity for gene stacking limited only by
the biology of the microbes T-DNA transfer system. The ini-
tial GAANTRY system was built, tested and published within
the Agrobacterium rhizogenes strain ArPORT1. To further the
utility of this system, we have generated the Agrobacterium
tumefaciens JGT105 GAANTRY strain, which is a derivative

of EHA105. Here we present data demonstrating the success-
ful use of the GAANTRY gene stacking system with the
JGT105 strain and its application in both Arabidopsis and
potato.

P-1017

Improved Soybean Resistance to Potyviruses Through
Genetic Engineering. BIN TIAN1, Hyeonju Lee1, Jessica
Rupp1, John P. Fellers2, and Harold N. Trick1. 1Department
of Plant Pathology, Kansas State University, Manhattan, KS
66506 and 2Hard Winter Wheat Genetics Research Unit,
USDA-ARS, Manhattan, KS 66506. Email: btian@ksu.edu;
hnt@ksu.edu

U.S. soybean production is threatened by number of well doc-
umented viral pathogens such as Soybean mosaic virus (SMV)
andBeanpodmottle virus, as well as new and emerging viruses.
Past research on virus resistance was usually targeting specific
viral pathogens, and there is concern over the durability of these
resistance genes due to the high genetic variability of viruses.
Partial or complete resistance to some potyviruses has associ-
ated with mutations of genes associated with the eukaryotic
translation initiation complex, which could provide a more du-
rable resistance. In this study, we have produced and evaluated
two transgenic soybean lines with reduced expression of a soy-
bean initiation factor gene via RNA interference. The gene
expression analysis by quantitative real time RT-PCR con-
firmed the specific reduced expression of the targeted gene in
the transgenic lines by three to ten folds changes in T1 and T2
generations. In pathogen bioassays, transgenic plants were chal-
lenged with the SMV-G7 isolate and resistance was evaluated
by measuring the viral titers through both ELISA and real time
RT-PCR. The results showed significant reduction of SMV
titers in transgenic plants, and significant resistance was ob-
served with reduced symptoms on transgenic plants compared
to controls. This approach could potentially provide resistance
to multiple viruses and has great potential benefits to both
breeders and producers. We will report the progress on evalua-
tion with other soybean viruses.

P-1018

GRF5, a Novel Regeneration Booster Gene that Improves
Transformation of Monocot and Dicot Species. DAVID
PACHECO-VILLALOBOS, Susana Martin-Ortigosa, Jixiang
Kong, Wolfgang Koch, and Klaus Schmidt. KWS SAAT SE,
GERMANY. Email: david.pachecovillalobos@kws.com

Continuous studies on cell differentiation and organ develop-
ment in Arabidopsis are a valuable source of genes with the
potential to trigger in vitro plant regeneration pathways. We
have discovered that the Arabidopsis GROWTH-
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REGULATING FACTOR5 (AtGRF5) gene, is able to en-
hance regeneration through organogenesis in sugar beet.
AtGRF5 belongs to a plant-specific transcription factor family
with a central role in various developmental processes, such as
leaf growth, root development and flower formation. When
ectopically expressed in sugar beet callus, AtGRF5 increases
the recovery rate of transgenic events by 6-fold and acceler-
ates shoot formation. More importantly, overexpression of
AtGRF5 enables the transformation of recalcitrant sugar beet
varieties. In monocot transformation, the putative corn
orthologs were tested in a somatic embryogenesis-based trans-
formation protocol. The overexpression of ZmGRF5
orthologs resulted in a 5-fold increase in transformation fre-
quency. The results suggest that GRFs prompt the
reprogramming of cells into a more competent regeneration
status across different species. This sets GRFs apart from other
morphogenic regulators and, therefore, they can be universal-
ly applied to improve transformation protocols in both mono-
cot and dicot plant species.

P-1019

Organ-specific Expression of Dermaseptin B1-derivative
Host Defense Peptide in Potato Tubers for Reduced Post-
harves t Losses . DMYTRO P. YEVTUSHENKO.
Department of Biological Sciences, University of
Lethbridge, Lethbridge, Alberta, CANADA. Email:
dmytro.yevtushenko@uleth.ca

A predefined pattern of transgene expression targeted to spe-
cific tissues or organs is a pre-requisite for the successful de-
velopment of plants with desired traits. Here, we evaluated the
transcriptional activity of the PmBiPPro1 promoter of the lu-
minal binding protein (BiP) from Douglas-fir, by expressing
reporter β-D-glucuronidase gene constructs containing three
different PmBiPPro1 promoter versions (2258 bp, 1259 bp,
and 278 bp) in transgenic potato. In conifers, this promoter
regulates the endoplasmic reticulum (ER) molecular chaperon
of the HSP70 stress-related protein family and is essential for
proper functioning of the ER. Stable expression analysis dem-
onstrated that two of three PmBiPPro1promoter versions
(PmBiPPro1-1 and PmBiPPro1-3) were fully functional in
the heterologous host, exhibited high transcriptional activities
in the leaves of unstressed potatoes, and were responsive to
wounding. Most importantly, the PmBiPPro1 promoters, par-
ticularly the full-length version, had activity in microtubers at
a level that was much higher than in any other potato organ or
tissue. The organ-specific activity of the PmBiPPro1-1 pro-
moter prompted us to evaluate it for targeted expression of a
host defense peptide, MsrA2, in potato tubers. MsrA2 is a
derivative of dermaseptin B1, which belongs to a large group
of small membrane-active molecules that are components of
the innate defense system of all multicellular organisms. The

plant-optimized nucleotide sequence encoding MsrA2 was
transcriptionally fused to the BiP Pro1-1 promoter, and intro-
duced into potato. Western blot analysis showed a high level
of MsrA2 accumulation in tubers of transgenic plants.
Moreover, in vitro bioassays revealed that the expression level
of the MsrA2 peptide in potato tubers, regulated by the BiP
Pro1-1 promoter, was sufficient to confer resistance to bacte-
rial soft rot, a common post-harvest disease in potatoes caused
by Pectobacterium carotovorum.

P-1020

Different Conditions During Pinus radiata Somatic
Embryogenesis Produce Different Hormonal Profiles in the
Somat ic Embryos and Plant le ts Obta ined. I . A.
MONTALBÁN1, O. Novák2, M. Strnad2, T. Goicoa3, M. D.
Ugarte3, and P. Moncaleán1. 1Department of Forestry Science,
Neiker-Tecnalia, Arkaute, SPAIN; 2Laboratory of Growth
Regulators, Centre of the Region Haná for Biotechnological
and Agricultural Research, Faculty of Science, Institute of
Experimental Botany CAS, Palacký University Olomouc,
Olomouc, CZECHIA; and 3Department of Statistics,
Computer Science and Mathematics, Universidad Pública de
Navarra, Pamplona, SPAIN. Email: imontalban@neiker.eus

The environment in which the embryogenic tissue of Pinus
radiata is cultured has a great influence in the success of the
whole somatic embryogenesis process. It has also been sug-
gested that somatic plantlets generated under different envi-
ronmental conditions can show different performance under
stress conditions. In the last years, we have studied the effect
of the modification of temperature and water availability at
different stages of somatic embryogenesis and its effect on
the in vitro success of the process and on the ex vitro behaviour
under stress of the resulting plants. In this study we have
analysed the hormonal profile (endogenous isoprenoid and
aromatic cytokinins, and indole-3-acetic acid and its conju-
gates) of somatic embryos coming from different environmen-
tal conditions, to see if they were differences at hormonal level
between different temperature or water availability conditions
during in vitro culture. Also, we performed these analyses on
the resulting somatic plantlets before and after applying a
drought period in the greenhouse. The results showed that
the somatic embryos from different environmental conditions
had a different hormonal profile; when an ex vitro drought
experiment was carried out with the somatic plantlets, the
plants showed a significantly higher cytokinin content than
the somatic embryos, particularly those submitted to stress.
On the contrary the indole-3-acetic acid was lower in these
plants. This research was funded by MINECO (Spanish
Government) project (AGL2016-76143-C4-3R), CYTED
(P117RT0522), and DECO (Basque Government). The
Ministry of Education, Youth and Sports of the Czechia
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provided support for this project via the National Program for
Sustainability I (LO1204).

P-1021

Improved Somatic Embryogenesis in Norway Spruce Using
Temporary Immersion Bioreactors. U. EGERTSDOTTER1,3,
N. H. A. Mamun1, and C. K. Aidun1,2. 1G. W. Woodruff
School of Mechanical Engineering, Georgia Institute of
Technology, 801 Ferst Drive, Atlanta, GA 30332; 2Parker H.
Petit Institute for Bioengineering and Bioscience, Georgia
Institute of Technology, 315 Ferst Drive NW, Atlanta, GA
30332; and 3Department of Forest Genetics and Plant
Physiology, Umeå Plant Science Center, Swedish
University of Agricultural Sciences, 901 83 Umeå,
SWEDEN. Email: ulrika.egertsdotter@me.gatech.edu

Somatic embryogenesis is a key method for clonal propaga-
tion of many conifer species where cuttings propagation is
limited due to ageing of donor plants, poor rooting and
plagiotropism. A key rate limiting steps of the somatic em-
bryogenesis process in conifers is conversion from the
multiplication-stage of early stage somatic embryos
(proembryogenic masses; PEMs) to the maturation stage.
During the multiplication-phase, PEMs occur at different de-
velopmental stages where some stages are unable to respond
to the maturation treatment thus limiting yields of mature em-
bryos. By dispersing interconnected tissue of PEMs, early
stage embryos are singulated and maturation is more synchro-
nized. A temporary immersion bioreactor designed for
Norway spruce together with a specific system for dispersion
was used to dissociate connected tissue of PEMs and release
smaller aggregates of early stage somatic embryos to a more
uniform spatial distribution. Development of mature embryos
was significantly stimulated by dispersion compared to con-
trols in both liquid and on solid media. The study shows that in
three out of four cell lines of Norway spruce (Picea abies), the
yield of mature embryos from dispersed PEMs is three to five
times higher than from non-dispersed controls.

P-1022

Cryopreservation of In Vitro Cannabis sativa L. Nodal
Segments Using Vitrification. CASSANDRA D. DOWNEY1,
Gregory Golenia1, Ekaterina Boudko1, and Andrew Maxwell
Phineas Jones2. 1Research and Development, Canopy Growth
Corporation, 1 Hershey Drive, Smiths Falls, CANADA and
2Department of Plant Agriculture, University of Guelph, 50
S t on e Road Ea s t , Gue l ph , CANADA. Ema i l :
cassandra.downey@canopygrowth.com

The recent legalization of Cannabis sativa L. in Canada and
parts of the United States has expanded the market for novel

medicinal and recreational products. Due to the innate dioe-
cious and heterozygous nature of Cannabis, along with the
lack of credible breeding programs which were largely un-
available until recently, in situ propagation of favourable ge-
notypes commonly occur vegetatively using stem cuttings.
Conventional cloning of Cannabis requires considerable
amounts of space, maintenance requirements, and leaves the
plants susceptible to disease. The application of in vitro tech-
nologies such as cryopreservation can serve as a valuable tool
for this crop. Using cryopreservation, genetically or commer-
cially valuable genotypes may be stored in a relatively small
space with little maintenance required (compared to in situ
clones) and may be traded nationally and internationally in
sterile conditions. The objective of this research was to cryo-
preserve and recover in vitro C. sativa nodal explants using
the vitrification method. Axillary nodes were incubated in a
preculture solution before exposure to a cryoprotectant and
immersion in liquid nitrogen. Maximum survival (55 ±
20.6155 %) and regeneration (30 ± 12.9099 %) rates were
obtained from cryopreserved explants cultured on a
Murashige and Skoog basal recovery medium for 30 days.
Cultured explants that were incubated in the dark for 10 days
before gradual exposure to ambient light conditions exhibited
improved survival and regeneration rates (70 ± 5.7735 and
53.3 ± 3.3333 %, respectively) compared to those that spent
5 days in darkness. Regenerated shoots were multiplied and
rooted on shoot multiplication media before transfer to ex
vitro conditions for hardening and vegetative growth.
Subsequently, flowering was induced, and cannabinoid and
terpene content was assessed. The results from this study
can be used as a foundation for long-term conservation of
Cannabis germplasm.

P-1023

Prolific Regeneration of Octoploid Strawberry via Indirect
Somatic Embryogenesis from Tip Runner Tissue. CHEOL-
MIN YOO, Vance M. Whitaker, and Seonghee Lee.
University of Florida, Gulf Coast Research and Education
Center, 14625 CR 672, Wimauma, FL 33598. Email:
cyoo@ufl.edu

Regenera t ion of octoplo id s t rawberr ies through
micropropagation is prerequisite for successful plant im-
provement through genetic engineering. However, their re-
generation responses are very diverse among the cultivars
depending on their genotypes. Here, we established a pro-
tocol of micropropagation for recently released commercial
cultivars, ‘Sensation’ and ‘Brilliance’. Runner segments at
the tip (TR) and at the node (NR), and the petiole (P) seg-
ments taken from greenhouse-grown plants were used as
explants for comparison. To identify optimal condition for
regeneration of the cultivars, the explants were grown on a
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range of media types, varying 2,4-D from 0 to 0.5 mg∙L-1

against BA from 0 to 1.0 mg∙L-1, with TDZ at 1.0 mg∙L-1.
Shoots were induced by somatic embryogenesis indirectly
on callus generated at the cut ends. ‘Sensation’ responded to
a basal Murashige and Skoog media (MS) containing 0.05
mg∙L-1 of BA and 0.05 mg∙L-1 of 2,4-D, while ‘Brilliance’
responded to a lower concentration of BA (0.01 mg∙L-1) in
the same media type by inducing somatic embryos. The TR
was more responsive to embryogenesis than other tissues in
both cultivars. In average, 81% of TRs responded by induc-

ing more than 52 of somatic embryos per explant in
‘Sensation’. Conversion of the somatic embryos to plantlets
was achieved by transferring the tissues on MS media with
1.0 mg∙L-1 of BA and 0.01 to 0.05 mg∙L-1 of IBA to promote
differentiation and the shoot elongation, and by moving to
hormone-free media for rooting. The average conversion
frequencies of embryo into shoot from the TR was 42.8%
and 56.9% in ‘Sensation’ and ‘Brilliance’, respectively. The
progression from explant to plant in soil was achieved in 14
to 16 weeks.
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