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In Vitro Culture of Arbutus unedo L.: Micropropagation and
Callus Induction. DORSAF KRIAA, Awatef Rhimi, and
Mbarek Bennasser. Tunisian Bank of Gene. Boulevard du
Leader Yesser Arafe t , Tunis , TUNISIA. Email :
dorsaf.kriaa@gmail.com

Arbutus unedo L. is a species of strawberry tree, widely rep-
resented in the Mediterranean region and western europe. In
addition to its use as an ornemental tree, for alcoholic drinks,
jams and marmalades it knows an increasing interest because
of its chemical and pharmaceutical uses. Micropropagation
can be a multiplication technique that can helps to meet the
growing demand for this species. For this purpuse we develop
an In Vitro propagation protocol in order to encrease multipli-
cation rates of Arbutus unedo L. Nodal explants were cultured
on MS (Murashige and Skoog, 1962) media supplemented
with different hormonal combinations. The medium which
induce the best axillary budding rate was MS medium
(Murashige and Skoog, 1962) supplemented with 5 μl/l
Zeatin and 1 μl/l NAA with a percentage of 88.88%. Rising
the concentration of Zeatin to 10 μl/l or the concentration of
NAA to 2 μl/l seems to reduce axillary budding rate. The
emergence of axillary buds was observed from the third week
of culture.

P-1001

Turning Up the Heat on Editing of the Highly Polyploid
Sugarcane Genome. AYMAN EID1,2, Chakravarthi Mohan1,
Sa r a Sanchez 1 , 2 , Duoduo Wang1 , 2 , and F redy
Altpeter1,2.1Agronomy Department, University of Florida,
Gainesville, FL and 2DOE Center for Advanced Bioenergy
and Bioproducts Innovation, Gainesville, FL. Email:
amohamedeid@ufl.edu; altpeter@ufl.edu

Gene editing is a very promising technology for the improve-
ment of polyploid crops like sugarcane (2n = 10–13x = 100–
130). However, the high level of genetic redundancy in poly-
ploids requires co-editing of multiple alleles to create loss of

function phenotypes. Different variants of the RNA guided
nuclease Cas9 (e.g. NgCas9) display increased range of target
sites. The relaxed PAM-site requirement of NgCas9 can be
useful for co-editing of multiple alleles. The objectives of
this work are to explore if co-editing of multiple target
copies/alleles can be elevated by: 1. Heat treatment of tissue
cultures after the delivery of editing reagents; 2. Compare
the co-editing efficiencies of NgCas9 and Cas9 and 3.
Compare the co-editing efficiencies with monoscistronic or
polycistronic expression of 2 sgRNAs. This evaluation was
accelerated by targetingmagnesium chelatase (MgCh) a key
gene in chlorophyll biosynthesis. Knock out mutations of
multiple copies/alleles of MgCh result in chlorophyll deple-
tion which can be scored during regeneration of plantlets
from tissue culture. Plant expression constructs carrying
two sgRNAs in monocistronic or polycistronic configura-
tion, nptII selectablemarker andCas9 orNgCas9 expression
cassetteswere generatedwith a combination of conventional
cloning and Golden Gate assembly. Both single guides
RNAs (sgRNAs) used in the study were validated with an
In vitro assay. Each recombinant DNA construct was trans-
ferred to embryogenic sugarcane calli via biolistic gene
transfer. The regenerated plantlets were analyzed phenotyp-
ically for chlorophyll depletion. PCR amplicons from events
with chlorophyll depletion were analyzed for restriction site
loss by gel electrophoresis, followed by Sanger sequencing
and next generation sequencing. We will present data com-
paring gene editing efficiencies of CRISPR/Cas9 or
CRISPR/NgCas9, the effect of heat treatment and incuba-
tion at standard temperature and the response to two
monoscistronic or polycistronic expressed sgRNAs. The
resulting protocol allowed efficient multi-allelic editing in
sugarcane.

P-1002

Illuminating the Functional Components of Pyrenoid-
based Carbon-concentrating Mechanism in Hornworts
(Anthocerophyta) Using Fluorescent Fusion Protein and
Inducible Systems. ANDIKA GUNADI1, Tanner
Robison1,2, Joyce Van Eck1,3, and Fay-Wei Li1,2.

In Vitro Cellular & Developmental Biology - Animal
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1Boyce Thompson Institute, Ithaca, NY and 2Plant
Biology Section and 3Plant Breeding and Genetics
Section, School of Integrative Plant Science, Cornell
University, Ithaca, NY. Email: ag895@cornell.edu

Photosynthesis in many species of hornworts (a lineage of
bryophytes) and algae is enhanced through the pyrenoid: a
specialized CO2 concentrating compartment inside the chlo-
roplast with aggregated RuBisCo. Although unique among
land plants and relevant for agricultural crop improvement,
pyrenoid-based carbon-concentrating mechanism (CCM) in
hornworts is greatly understudied compared to C4 and CAM
that are present in some vascular plants. To elucidate the ge-
netic basis of hornwort CCM, we compared the protein se-
quence and transcriptome profiles of the model hornwort
Anthoceros agrestis (having constitutive pyrenoid) and the
model algae Chlamydomonas reinhardtii (having inducible
pyrenoid), and identified more than six putative hornwort
CCM-related genes. Next, to facilitate functional studies and
to rapidly determine the protein localization of these genes, we
established a particle bombardment-mediated transient ex-
pression assay using hornwort elongation factor-1A promoter
regulating both a RuBisCo small subunit coding sequence
fused with mScarlet (RbcS::mScarlet), and a low-CO2 induc-
ible protein homolog coding sequence fused with mVenus
(LCIB::mVenus). Within 7d post bombardment, >500 tran-
siently expressing A. agrestis gametophyte cells were ob-
served per bombarded plate, with RbcS::mScarlet fluores-
cence localized consistently within the pyrenoid, while
LCIB::mVenus fluorescence consistently enveloped the pyre-
noid and outlined the chloroplast membrane. Growth medium
conditions for A. agrestis tissues were successfully optimized
to reduce the time and increase the efficiency of recovering
stably transformed fusion protein overexpression lines.
Additionally, we recently discovered that pyrenoid formation
in A. fusiformis, a close relative of A. agrestis, is inducible
in vitro under low CO2 conditions. Efforts are underway using
both A. agrestis and A. fusiformis to illuminate the functions
of other hornwort CCM-related genes, paving the way to-
wards engineering pyrenoids as an alternative strategy to
boost photosynthesis in other land plants.

P-1003

Overexpression Studies of BBM Gene in Cotton to
Trigger Somatic Embryogenesis and Transformation
Efficiency. SHAKHNOZAKHAN TILLABAEVA and
Allah Bakhsh. Niğde Ömer Halisdemir University,
Department of Agricultural Genetic Engineering, Faculty
of Agricultural Sciences and Technologies, Niğde,
TURKEY. Email: shahnoza.tillabaeva.7@gmail.com

Somatic embryogenesis (SE) is a fundamental process of
forming a new plant. Each somatic cell can give a healthy
explant through multiple signaling pathways. Cell differentia-
tion process is triggered by numerous transcription factors and
interactions between plant hormones. Phytohormone crosstalk,
growth-inducing genes, and stress can trigger formation of
unorganized cell masses. These cell masses, such as callus
and tumors can be produced from a single cell that is undergo-
ing differentiation. Most of the callus cells are totipotent and
therefore, ease regeneration of a whole new plant. Advantage
of regenerating plants through tissue culture manipulations is
highly appreciated in genetic transformation of commercial
crops. Since the first commercial release of GM cotton, it has
been numerously studied for somatic embryogenesis and the
ways of improving it, but an efficient, genotype independent
and reproducible regeneration protocol is still lacking. One of
the ways of increasing totipotency and stimulation of somatic
embryogenesis is usage of morphogenic genes. AP2/ERF is
one of the biggest plant-specific transcription factor families
that include different roles in plant metabolism, development,
pathogen, and stress defense. BBM is one of the numerous
genes in the family that was reported to trigger somatic em-
bryogenesis. We are currently working on overexpressing of
BBM gene in cotton to trigger somatic embryogenesis and
improving transformation efficiency. Three constructs are be-
ing tested for evaluating effect of BBM gene on cotton SE and
we are working on hypothesis of inducing embryogenesis
without using any plant hormones. Moreover, it was claimed
that BBM is upstream of LEC1/LEC2 genes that refer to LAFL
network. These hypotheses are going to be tested and morpho-
genic gene levels are going to be evaluated by qPCR. Overall,
the goal of the study is to shorten the time required for genetic
transformation of cotton to recover more regenerants.

P-1004

Differential CRISPR/Cas9 Genome Editing Influenced by
Epigenetic Factors. TREVOR WEISS1,2 ,3 ,4, Peter
Crisp1,2,3,5, Nathan Springer1,2,3, and Feng Zhang1,2,3,4.
1Department of Plant and Microbial Biology, College of
Biological Sciences, University of Minnesota, Minneapolis,
MN, 55108; 2Center for Precision Plant Genomics,
University of Minnesota, Minneapolis, MN, 55108;
3Microbial and Plant Genomics Institute, University of
Minnesota, Minneapolis, MN, 55108; 4Center for Genome
Engineering, University of Minnesota, Minneapolis, MN,
55108; and 5School of Agriculture and Food Sciences, The
Universi ty of Queensland, Brisbane, QLD 4072,
AUSTRALIA. Email: weiss480@umn.edu

In recent years, newly developed genome editing technolo-
gies, such as CRISPR/Cas9, have allowed for advanced func-
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tional genomics and accelerated translational research. While
previous studies indicated CRISPR/Cas9 editing activities
are largely determined by their 20 bp targeted sequences,
increasing evidence suggests epigenetic features influence
editing efficiency and repair outcomes. In this research, we
sought to address this question by examining identical
CRISPR/Cas9 target sequences with distinct epigenetic fea-
tures in Arabidopsis thaliana. By tapping into the high-
resolution epigenome information and the wealth of epige-
netic resources in Arabidopsis, our results indicate a com-
binatory effect of DNA methylation and chromatin accessi-
bility could lead to significant variations, i.e. 10–200 fold
changes, in editing efficiency. Additionally, comparison of
CRISPR/Cas9-induced mutation profiles indicate the same
targeted sequences can be differentially repaired at different
locations or in different epigenetic contexts. Together, our
study provides insight towards better understanding the in-
fluence of epigenetic factors on genome editing and DNA
repair mechanisms, enabling new strategies to further opti-
mize genome editing at refractory sites.

P-1005

Adventitious Root Culture of Spilanthes acmella and Its
Important Metabolites Production Through Bioreactor
System. KRISHNA KANT PACHAURI and Rakhi
Chaturvedi. Department of Biosciences and Bioengineering,
Indian Institute of Technology Guwahati, Guwahati, Assam –
781039, INDIA. Email: rakhi_chaturvedi@iitg.ac.in,
krishana@iitg.ac.in

Spilanthes acmella is a very popular medicinal plant, com-
monly known as toothache plant belongs to the family,
Asteraceae. The plant is a natural resource of various impor-
tant bioactive metabolites, such as spilanthol an alkylamide,
which is responsible for the sensorial effects (pungency,
numbing, tingling and mouth-watering). In vitro plant tissue
culture methods are widely explored for mass production and
scaling-up of Spilanthes biomass and spilanthol. In the present
study, adventitious root culture of the S. acmella was
established at shake flask level on half strength Murashige
and Skoog (MS) medium (only major salts reduced to half
strength). Later, root biomass was scaled-up in 3 liter capacity
stirred tank bioreactor. The growth of adventitious root bio-
mass in shake flask was compared with that of biomass
growth in bioreactor on the basis of inoculum size, medium
volume, initial pH of the medium, temperature and photope-
riod. The overall growth of adventitious root biomass was
higher in bioreactor system when grown on ½ MS medium
with 5% sucrose concentration. The medium promoted the
increase in root biomass by approximately 10-folds.
Additionally, the bioreactor has an extended logarithmic
(exponential) phase of the root biomass growth in comparison

to shake flask culture system. The growth condition in the
bioreactor was also optimized for inoculum size and aeration
rate of 0.1 vvm (volume of air per volume of liquid per min-
ute). Presence of spilanthol in methanolic extract from adven-
titious roots of the S. acmella was identified and quantified
using High performance liquid chromatography (HPLC) anal-
ysis. The outcome of the study will provide alternate method
to produce the medicinally important metabolites without
hampering natural habitat of the plants.

P-1006

Generating Cell Wall Deficient Plant Cells for Enhanced
Recombinant Protein Production. UDDHAB KARKI1,2, Hong
Fang1,2, and Jianfeng Xu1. 1Arkansas Biosciences Institute and
2Molecular Biosciences Program, Arkansas State University,
Jonesboro, AR 72401. Email: Uddhab.karki@smail.astate.edu

Plant cell-based expression system have been established as a
cost-effective alternative production platform for bioactive
therapeutic proteins in industrial scale due to their intrinsic
safety, low production and downstream cost and the capability
of post-translational modification. Due to its central role in
bio-production and fundamental research, tobacco BY-2 cell
has been referred to as the “CHO-cell in molecular farming”
and the “HeLa cell in the biology of higher plants”. However,
major challenges exist for the BY-2 cell bioproduction sys-
tem, such as low protein production and secretion, presence of
large vacuoles, and difficulty in cryopreservation, which pre-
vent the commercialization of this bioproduction platform.
These problems can largely be attributed to the distinctive
plant cell wall structure that is composed of a complex matrix
of interconnected polysaccharides forming a thick semi-
permeable r igid barr ier which protects the cel l .
Understandably, plant cells devote substantial amounts of en-
ergy and resources to the synthesis of cell wall polymers, such
as cellulose and pectins. However, complete cell wall struc-
ture may not be crucial for in vitro cultured plant cells because
optimized culture conditions (medium composition, pH, tem-
perature, etc.) are provided to the cells to support their rapid
propagation. The long-term goal of our research is to create
cell wall deficient (CWD) plant cells for improving produc-
tion of recombinant proteins. This could be achieved by cel-
lular engineering of plant cells using modern molecular biol-
ogy tools, especially genome editing technology. In this re-
search, to provide a quick and easy-access to CWD-like plant
cells, pseudo-CWD BY-2 cells were created by providing a
cellulose synthesis inhibitor, 6-dichlorobenzonitrile (DCB) to
the culture media. The morphology, cell wall structural com-
position, cell growth, bioproduction properties and tran-
scriptomics of the pseudo-CWD BY-2 were characterized.
This study provides a conceptual proof for creating CWD
plant cells by cellular engineering in the future.
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Induction of Totipotency and Non-gametophytic
Morphogenesis within the Soybean Microspore. B. HALE1,2

and G. C. Phillips2,3,4.1Molecular Biosciences Graduate
Program, Arkansas State University, State University, AR
72467; 2Arkansas Biosciences Institute, Jonesboro, AR
72401; 3College of Agriculture, Arkansas State University,
State University, AR 72467; and 4University of Arkansas
Division of Agriculture, State University, AR 72467. Email:
brett.hale@smail.astate.edu

Androgenesis-based doubled haploidy is a method used to
achieve homozygosity in plant breeding programs.
However, its application is limited within the Fabaceae, which
has historically demonstrated morphogenic recalcitrance in
comparison to other plant families (e.g., Brassicaceae and
Poaceae). In this study, the immature microgametophyte, or
microspore, was used to investigate in vitro androgenesis in
soybean (Glycine max [L.] Merrill). An induction regimen
was constructed to support non-gametophytic growth, and
consisted of (i) donor plant temperature stress; (ii) a low-ni-
trogen, phytohormone-supplemented basal medium; and (iii)
step-wise, post-isolation culture conditions. In addition, cyto-
logical characteristics in soybean microspores were compared
to those reported in model androgenesis systems, revealing
that totipotent induction/non-gametophytic morphogenesis
within the soybean microspore was marked by (i) symmetrical
mitotic division; (ii) vacuolar fragmentation; (iii) production
and secretion of intrinsic arabinogalactan proteins; and (iv)
stress-induced pollen dimorphism; among other features.
Lastly, the transcriptomic landscape of stress-induced micro-
spores was evaluated bymRNASequencing, which supported
cytological findings and suggested that donor plant tempera-
ture stress induced totipotency by suppression of the
microgametogenesis (pollen) developmental program. The
findings herein provide insight into androgenesis-based dou-
bled haploidy in vitro and may prove useful in legume breed-
ing programs.

P-1008

Genome Editing of a Low Input Turf and Forage Grass
(Paspalum notatum Flugge) Using CRISPR/Cas9. D.
MAY1, S. Sanchez1, and F. Altpeter2. 1Agronomy
Department, University of Florida - IFAS, Gainesville, FL
and 2Agronomy Department, Plant Molecular and Cellular
Biology Program, Genetics Institute, University of Florida -
IFAS, Gainesville, FL. Email: altpeter@ufl.edu

Bahiagrass (Paspalum notatum Flugge) is a subtropical peren-
nial turf and forage grass widely cultivated in the southeastern
United States and Central and South America. Improving

bahiagrass using conventional breeding techniques has proven
challenging due to many of its genotypes exhibiting apomixis
and autopolyploidy, limiting the sources of novel useful ge-
netic variation. One promising avenue to overcoming these
limitations in bahiagrass breeding is the use of CRISPR/Cas
gene editing techniques. More efficient gene editing ap-
proaches are needed to address the genetic complexity and
redundancy in tetraploid bahiagrass. Our objective was to
identify a target gene which creates a rapidly scorable pheno-
type in tissue culture, following multiallelic mutagenesis and
accelerates optimization of the gene editing protocol.
Magnesium-protoporphyrin IX chelatase (MgCh) is a key
gene in chlorophyll biosynthesis and its suppression by
RNAi has been reported to result in yellow phenotypes with
severe depletion of chlorophyll. In contrast to phytoene
desaturase gene (PDS) mutants which display a dwarf and
albino phenotype, MgCh mutants show no obvious growth
retardation. This allows to generate vegetative and seed prog-
eny for molecular analysis of the transmission of gene edits.
Pairs of guide RNAs (gRNA) targeting a conserved region of
multiple P. notatumMgCh copies were cloned into an expres-
sion vector containing Cas9 and the NPTII selectable marker
and were introduced into mature seed-derived callus cultures
by biolistics. Yellow plantlets with severe depletion of chlo-
rophyll regenerated from the embryogenic callus selected on
geneticin containing culture medium. Sanger sequencing and
restriction enzyme assays of cloned PCR amplicons con-
firmed multi-allelic editing of the target gene. Edits included
100 bp deletions and small indels at both gRNA target sites.
This approach is currently supporting efforts to optimize ge-
nome editing tools and their delivery in bahiagrass.

P-1009

Scale-up of Somatic Embryogenesis Plant Production of Hybrid
Larch (Larix × eurolepis) Using Temporary Immersion
Bioreactors. K.-C. LE1 and U. Egertsdotter1,2. 1Department of
Forest Genetics and Plant Physiology, Umeå Plant Science
Centre (UPSC), Swedish University of Agricultural Science
(SLU), Umeå, SWEDEN and 2G.W. Woodruff School of
Mechanical Engineering, Georgia Institute of Technology,
Atlanta, GA. Email: kim.cuong.le@slu.se

The application of bioreactor culture techniques for forest
plant production is regarded as one way to reduce production
cost by scale-up and automation. Somatic embryogenesis is
the preferred micropropagation approach for conifers that has
the potential to facilitate large scale propagation using tempo-
rary immersion bioreactor (TIB). In conifers the use of TIB
has been demonstrated for the proliferation and maturation
phases of somatic embryos of Abies and Picea. However,
the utilization of TIB for germination and plant conversion
still remains as a challenge. In the present study, TIBs were
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used for proliferation, maturation and germination of hybrid
Larch (Larix × eurolepis). The results showed that the pro-
embryogenic mass (PEM) increased approximately 2-fold in
TIB compare with solid culture in Petri dishes. The TIB was
not only the best system for embryo production (579.33 ±
50.61 per g PEM) but also for the germination phase with
the highest number of root (1,67 ± 0,33 root/plantlet), root
length (37,33 ± 4,33 mm), and height of plantlet (37,33 ±
1,45 mm). Hence, the TIB system has great commercial po-
tential for in vitro mass production of hybrid Larch (Larix ×
eurolepis).

P-1010

Use of In Vitro Cannabis Stock Plants for Decreased Clonal
Rooting Time and Increased Propagule Size. NORMAN
SENN and Savanah St. Clair Senn. CRTFD Plant Science,
LLC, Los Angeles. CA. Email: norm@crtfd.com

Rooted tissue culture plants were used as sterile stock plants
that were kept in vitro, rather than advanced to Stage IV, for
the purpose of generating full size clones for subsequent
in vitro rooting. The clones can be 3–4 inches. in size if
the in vitro mother plants are given a large vessel to grow
in. An interesting result, is that although it took 3–5 months
to develop the in vitro mom on the first cycle, the resulting
propagules rooted in vitro in 2 weeks in IBA media supple-
mented with activated charcoal. Clipping the tops of the
in vitro plants is a way to promote natural cytokinin. The
removal of the apical bud maximizes shoot production
(Bridgen 2018). When the axillary buds of Cannabis
in vitro mother plants sprout, they become elongated and
give full size cuttings that can be readily rooted in vitro
within about two weeks. Using less chemicals reduces vit-
rification and shortens rooting time. The time that it takes to
go frommeristem to in vitro mother plant is about 5 months.
The time it takes to go from nodal to in vitro mother plant is
about 3 months. Clipping the tips for natural cytokinins, and
using lower levels of PPM was more effective than includ-
ing meta-topolin and higher doses of PPM. The in vitro
mothers technique was tested on Sundae Driver, Garlic
Cookies, Ice Cream Man, Lebron, and Budder OG varieties
and had about 85% success rate. This is a new tool to add to
the arsenal when building a genetic library.

P-1011

Large Scale In Vitro Clonal Propagation ofMusa paradisiaca
Using Shoot-tip Culture. IMNANARO and Rakhi
Chaturvedi. Department of Biosciences and Bioengineering,
Indian Institute of Technology Guwahati, Guwahati-781039,
Assam, INDIA. Email: rakhi_chaturvedi@iitg.ac.in

Banana (familyMusaceae) are the second largest fruit crop in
the world found in tropical and sub-tropical regions. Musa
paradisiaca (Malbhog variety of Banana with genome
AAB) has its origin in the North eastern region of India and
North Bengal. Malbhog, one of the best quality bananas, is
widely known for its sweet taste, pleasant smell and high post-
shelf life. However, long life cycle, slow propagation, and
susceptibility to disease poses a limitation to attain large scale
propagation of disease-free banana plantations. In vitro clonal
propagation in banana (Musa spp.) is certainly the best way to
generate large number of disease-free plants within a short
span of time and to overcome the bottle necks encountered
in conventional banana farming. It is, thereby, helping the
farmers and plant growers. In the present experiment, com-
plete protocol for micropropagation of Musa paradisiaca is
established utilizing shoot-tip explants. In twelve weeks, old
in vitro shoot-tip cultures, established after three subcultures
of 4 weeks duration each, an average of 10.2 complete plant-
lets with well-developed shoot and root were produced on
Murashige & Skoog Medium (1962; MS) supplemented with
a cytokinin, 6-benzylaminopurine (BAP). These in vitro plant-
lets were successfully acclimatized, first under the greenhouse
conditions and then finally in the field with 100% survival
rate. The clonal fidelity of in vitro regenerated plants was
performed using RAPD and ISSR marker to ascertain genetic
uniformity among the in vitro regenerated lines obtained from
different shoot-tip explants.

P-1012

Enhanced Production of Bioactive Protoberberine Alkaloids
from In Vitro Cultures of Tinospora cordifolia (Willd.) Miers
ex Hook F. & Thoms. VARTIKA SRIVASTAVA and Rakhi
Chaturvedi. Department of Biosciences & Bioengineering,
Indian Institute of Technology Guwahati, Guwahati, Assam,
INDIA. Email: rakhi_chaturvedi@iitg.ac.in

The inclination towards natural way of curing ailments has been
existing dynamically from traditional to modern era. The present
study is an endeavor towards highlighting the best alternative for
prevention of over-exploitation of wild habitat and at the same
time for their germplasm conservation. This is achieved by
employing plant tissue culture technology to propagate large
number of true-to-type, disease-free plantations as well as pro-
duction of bioactive secondary metabolites in short duration and
without any seasonal and regional constraints. In the present
study, the callus cultures were obtained from leaf explants of
Tinospora cordifolia. The explants were grown on MS basal
medium fortified with plant growth regulators, 6-
benzylaminopurine (BAP) and α-naphthalene acetic acid
(NAA), at specific concentrations. Further, analytical studies,
such as High Performance Liquid Chromatography (HPLC)
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and Mass spectrometry were performed for the estimation of
palmatine and jatrorrhizine, the primary nitrogen-containing al-
kaloids of interest, in the plant. Higher productivity of
jatrorrhizine (10.86-fold) and palmatine (143.04-fold) was ob-
tained from in vitro cell lines compared to that from the field
grown leaves. Additionally, anti-staphylococcal (pertaining to
Staphylococcus aureus) activity of purified alkaloids obtained
from the cell culture extracts was also tested. Palmatine exhibited
87% inhibition while jatrorrhizine unveiled 78% inhibition in
48 hours, at their respective MBIC (minimum biofilm inhibition
concentration), indicating feasible natural alternatives for future
therapeutics.

P-1013

Defining the Parameters forDe Novo Shoot Induction. RYAN
NASTI and Daniel Voytas. Department of Genetics, Cell
Biology, Development; Center for Genome Engineering;
and Center for Precision Plant Genomics, University of
Minnesota, MN. Email: nasti002@umn.edu

Despite advancements over time, the scalability of current plant
breeding techniques is limited by bottlenecks in reagent delivery
and tissue regeneration. Standard tissue culture methods have
many drawbacks: the process is often inefficient, requires con-
siderable time, andworks with limited species and genotypes. To
circumvent these issues, methods were developed to function
effectively in the model plant, Nicotiana benthamiana.
Addressing the delivery bottleneck, a simple Agrobacterium
tumefaciens based fast treated co-culture (Fast-TrACC) method
was developed for scalable reagent application. Next looking to
regeneration, advances in ectopic expression of different combi-
nations of plant developmental regulators (DRs) (e.g. ZmWUS2,
AtSTM & ipt) have demonstrated the feasibility to promote so-
matic cells to formmeristems. By combining thesemethods with
gene editing reagents, meristems can be induced and progress to
form fertile plants that transmit gene edits to progeny, thus
sidestepping the need for classical tissue culture. Showing these
techniques are effective in a model system established the prom-
ise of this type of plant engineering, but application to a crop
species, such as tomato, is necessary to realize the technology’s
full potential. During this transition to tomato or any other new
species considerable optimizations to the process are required to
ensure its continued efficacy. To this end, the most effective DR
combination and vector delivery configuration (DRs in cis or
trans) were determined for the induction of edited de novomer-
istems in tomato. With these improvements to shoot induction in
tomato seedlings, the principles defining the best practices for

DR application become clearer prompting the further expansion
into more species.

P-1014

Improving Agrobacterium-mediated Transformation in Soybean
Through Modulation of the Soybean Immune System.
TIMOTHY M. CHAPPELL1, Jovana Mijatovic2, Brian
Kvitko2, Peter LaFayette3, Donna Tucker3, Zenglu Li1,3, and
Wayne Parrott1,3. 1University of Georgia, Institute of Plant
Breeding, Genetics & Genomics, 111 Riverbend Road, Athens,
GA 30602;2University of Georgia, Department of Plant
Pathology, 120 Carlton Street, Athens, GA 30602; and
3University of Georgia, Department of Crop & Soil Sciences,
120 Car l ton St ree t , Athens , GA 30602. Emai l :
timchappell@uga.edu

While Agrobacterium tumefaciens is renowned for its ability
to deliver DNA to plants, most soybeans resist transformation
due to a hypersensitive response. Evading this defense re-
sponse should facilitate soybean transformation. A search
for soybean homologs of known plant resistance genes iden-
tified several candidates. A pathogen recognition receptor is
absent in genotypes that gall easily. This gene is similar to the
Arabidopsis Elongation Factor – Thermo unstable receptor
(AtEFR), known to restrict transformation by recognizing
the bacterial EF-Tu protein of Agrobacterium. To confirm
whether this soybean pathogen recognition receptor limits
transformation efficiency in soybean, CRISPR/cas9 was used
to knockout the gene in a genotype that is resistant to
Agrobacterium-mediated transformation. In addition, RIL
populations have been created through crossing a susceptible
to a resistant genotype. These populations will aid in identify-
ing other genomic regions in soybean that impact susceptibil-
ity to Agrobacterium. Additional efforts center on the identi-
fication of the bacterial product recognized by the soybean
pathogen recognition receptor. The EF-Tu from EHA105
was replaced with those from 3 different species of soybean-
nodulating bacteria. However, the resulting strains of
Agrobacterium still elicited a hypersensitive response.
Therefore, a bioinformatic pipeline is being conducted to pre-
dict which Agrobacterium peptides may elicit the soybean
immune system. Through testing these candidate peptides on
soybean, identifying genomic regions in mapping populations
that impact Agrobacterium-mediated transformation, and ver-
ifying with CRISPR/cas9 mutagenesis of candidate genes,
transformation of soybean using Agrobacterium should be
significantly improved.

PLANT CONTRIBUTED PAPERS


	Plant Contributed Papers

