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P-1

Advances in LED Lighting Technology Can Improve
Micropropagtion. C. HIGGINS, D. Salbaka, and L. Van
Zanten. Hort Americas, LLC, 2801 Renee St, Bedford, TX
76021. Driscoll’s Nursery, 242 Corralitos Rd., Watsonville,
CA 95076. Email: chiggins@hortamericas.com

Technology should be implemented by a company when it
helps the business operate or perform “better, cheaper or
faster.” While LEDs are not new to horticulture,
micropropagation facilities have been slow to adopt the use
of LED grow light technology. This technology has been rap-
idly adopted by other commercial horticulture facilities hoping
to improve crop quality while also saving money through en-
ergy savings. This 30-minute presentation will examine the
reasons why Driscoll’s, a California-based berry producer and
seller, has invested in LED grow light technology to replace
traditional T8 fluorescent tube lighting in its tissue culture labs.

P-2

New Plant Growth Regulators and an Update on Established
Plant Growth Regulators. D. S. HART. PhytoTechnology
Laboratories, 14610 W 106th St, Lenexa, KS 66215. Email:
david@phytotechlab.com

Plant growth regulators (PGRs) have been used in commercial
plant tissue culture for more than 50 years. This aims to pres-
ent what we consider new PGRs, the currently known modes
of action, as well as the effects on plant tissue. This will also
present an update on best practices for using established PGRs
which includes known stability information as well as rela-
tively new stability information.

P-3

Using Plant Tissue Culture to Generate Mosaic-Free Fig
Plants and Select Salt Tolerant Pistachio Rootstocks.

DHARAM P. SHARMA. Dry Creek Laboratory, Duarte
Nursery, 1618 Baldwin Road, Hughson, CA 95326. Email:
dharam@drycreeklab.com

Fig (Ficus carica L.) ranks as one of the earliest domesticated
plants by man. Fig Mosaic disease (FMD) is found wherever
figs are grown. The causal agent is believed to be a segmented,
single stranded, negative sense RNAvirus similar in homolo-
gy to European Mountain Ash Ringspot associated
virus(EMARAV) (Walia et al., 2009). However,a group of
viruses belonging to Closterovirus, Mosaic, Luteovirus,
Umbravirus and lately, Badnavirus (Laney et al., 2012) seem
to be associated with FMD but the exact causal agent still
remains unknown. In nature it is transmitted by eriophyid mite
(Aceria ficus) (Ishikawa et al., 2013). Procedures were devel-
oped to eliminate FMD from 16 cultivars of fig that were
collected from the USDA Germplasm Repository of
University of California, Davis and were micropropagated in
our laboratory. Apical meristem culture procedures in combi-
nation with heat therapy eliminated the mosaic symptoms in
all cultivars. The freedom from FMD was confirmed by virus
testing of the tissues independently by two labs. However, for
eliminating Badnavirus cryogenic procedures were adapted
and shall be explained in the presentation. The other part of
the presentation deals with selection of UCB-1 Pistachio
(Pistachia atlantica X P. integrrhima) rootstock lines that are
tolerant of high salt concentrations in soil by using plant tissue
culture procedures. The rootstock was developed by
University of California through controlled crosses, but does
show genetic variation within seeds. The seeds were procured
from Foundation Plant Services, UC Davis, stratified for six
weeks at 4°C, surface sterilized using standard procedures and
germinated in dark in vitro on paper wicks receiving liquid
growing medium. The hypocotyl and epicotyl sections of each
of the germinated seed were cut into one centimeter sections
and grown in 30micromoles m-2 sec−1 light and 25+/− 2°C on
a defined medium under aseptic environment. The resulting
shoots from each seed were labelled as a separate clone and
multiplied for exposing them to 0 to 10,000 mg l−1 concen-
trations of chlorides, sulfates, carbonates and bicarbonates of
Calcium, Magnesium and Sodium in the growing medium.
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The promising clones were multiplied, acclimated and grown
for further evaluation in multi-location trials under different
agro-climatic conditions. Four of these clones, namely D71,
D90, D110 and D 154 were patented and have been released
to the growers.

P-4

Cell Wall Biotechnology of Bioenergy Plants for Improved
Biofuel Production. CHANDRASHEKHAR P. JOSHI,
Department of Biological Sciences, Michigan Technological
University, Houghton, MI 49931. Email: cpjoshi@mtu.edu

Depleting supply of fossil fuels and growing demands for
liquid transportation fuels has necessitated an urgent and vig-
orous search for alternative bioenergy resources such as plant
cell walls. The first generation biofuels were produced from
starch and sugars (bioethanol) and oils (biodiesel). These,
however, soon became limiting with the issues such as com-
petition with food supply, significant land-use changes and
other ethical, ecological and economical issues. The produc-
tion of second generation biofuels from lignocellulosic cell
wall materials of grasses and trees is highly promising but it
is still challenging and requires high-input saccharification
(sugar release) technologies involving extensive pre-
treatments and expensive cellulolytic enzymes, adding to the
high costs of second generation biofuels. Algal biofuels are
considered as third generation biofuels that have still an un-
proven potential. In recent years, biotechnological approaches
have been applied for improving saccharification of plant cell
walls. This presentation will focus on recent progress made in
the alteration of cell wall properties through manipulation of
native cell wall genes for enhanced saccharification and bio-
fuel production, collectively known as fourth generation
biofuels. I will discuss our recent work with improved sac-
charification as well as oil production from transgenic plants.

P-5

Altering Phenylpropanoid Metabolism and Plant Growth.
KYLE E. MOHLER and Clint Chapple. Purdue University,
Department of Biochemistry, 175 South University Street,
West Lafayette, IN 47907. Email: kmohler@purdue.edu

Lignin is a structural phenolic polymer that is necessary for
plants’ ability to stand upright and transport water.
Perturbations in the biosynthesis of lignin often lead to
dwarfism and collapsed xylem vessels. The same proper-
ties that impart strength and water transport also make cell
wall sugars more difficult to utilize for biofuel production

or other applications. Modifications to lignin content or
composition may reduce recalcitrance to degradation, al-
though cell wall integrity may become compromised. A
few modifications to lignin have yielded promising results
without reducing plant fitness. New paradigms for the con-
trol of lignin biosynthesis have recently emerged. MED5,
one of the roughly 30 subunits of the Mediator complex, is
a key player involved in regulating the biosynthesis of
lignin, which originates from phenylalanine. Genetic mu-
tations in MED5 can either increase or decrease flux
through this phenylpropanoid pathway. Mediator is a tran-
scriptional co-regulator that physically interacts with both
transcription factors and the general transcription machin-
ery, including RNA polymerase. The transcriptional
changes associated with MED5 mutations have been stud-
ied by RNAseq and some mechanistic insight was re-
vealed. Purification of the intact Mediator complex from
plants has identified previously postulated members of the
complex, but biochemical evidence of their interaction has
not been shown. Structural insights into the plant Mediator
complex will help to provide mechanistic comprehension
for MED5’s role in regulation of the phenylpropanoid
pathway. Understanding this regulation is imperative to
be able to rationally modify or even design plants for
agro-industrial applications.

P-6

Discerning a Hallmark of Plant Body Plan and Its Architecture
Through Regeneration. PRAKASH VENGLAT. University
of Saskatchewan, Dept of Plant Sciences, Room 4D36,
Agriculture Building 51 Campus Drive, Saskatoon, SK S7N
5A8, CANADA. Email: prakash.venglat@nrc.ca

Plants have evolved to move on to land to occupy different
habitats and this is reflected in their diverse growth habits. All
plants begin their life cycle as a zygote which undergoes well-
orchestrated cell division and patterning events that results in
the establishment of an embryonic body plan. This embryonic
body plan is further elaborated post-embryonically by the ac-
tivities of the shoot and root apical meristems that produce
cells which differentiate to function as part of the shoot and
the root. Although the plant cell fates are fixed to create struc-
tures of the root and the shoot systems, their ability to regain
the embryonic state or regenerate shoot and root meristems is
an integral part of plant plasticity. In this presentation I will
discuss this apparent paradox of organized patterning events
during plant embryogenesis and the plasticity of the differen-
tiated cells to revert to a pluripotent state which when integrat-
ed into a framework reveals how developmental plasticity is
an inherent part of plant embryo development and its derived
body plan.
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P-7

Plant Terpenes as Biomaterials and Biofuels. TONI M.
KUTCHAN1, Jörg M. Augustin1,2, and Yasuhiro Higashi1,3.
1Donald Danforth Plant Science Center, 975 North Warson
Road, St. Louis, MO 63132; 2Current address: Elemental
Enzymes, 1685 Galt Industrial Blvd, St. Louis, MO 63132;
and 3Current address: RIKEN Center for Sustainable
Resource Science, 2–1 Hirosawa, Wako, Saitama, 351–
0198, JAPAN. Email: tmkutchan@danforthcenter.org

Plants provide mankind with a vast array of phytochemicals
that have a wide-ranging industrial and pharmacological appli-
cation. Large-scale availability of phytochemicals can limit
their use. Microbial production systems such as Escherichia
coli and Saccharomyces cerevisiae are well established biotech-
nological platforms that can often be successfully
bioengineered to serve as alternative sources for natural com-
pounds. In addition to microbes, plant cell cultures have been
exploited as potential biotechnological production platforms for
phytochemicals. Despite the advantages of such cell-based pro-
duction systems over the native producer, a common drawback
is the requirement for specialized fermentation facilities, energy
input and a continuous supply of macro- and micronutrients.
Bioengineering of low-input crop plants to synthesize high val-
ue compounds would allow production of phytochemicals on
farmland. However, whereas production of pharmacological
proteins in plants has recently significantly advanced, suitable
plant feedstocks for production of small molecules remain un-
der-explored. Many plant-derived compounds of high value for
industrial or pharmaceutical applications originate from plant
species that are not amenable to cultivation. Biotechnological
production in low-input organisms is, therefore, an attractive
alternative. Here we explore whether Camelina sativa, an
emerging low-input non-foodstuff Brassicaceae oilseed crop
grown on marginal lands or as a rotation crop on fallow land,
can successfully be refactored to produce and store novel com-
pounds in seed. As proof-of-concept, we use the cyclic mono-
terpene hydrocarbon (4S)-limonene and the bicyclic sesquiter-
pene hydrocarbon (+)-δ-cadinene, which have potential biofuel
and industrial solvent applications. Posttranslational transloca-
tion of the recombinant enzymes to the plastid with concurrent
overexpression of genes of the MEP pathway resulted in the
accumulation of (4S)-limonene 1 and (+)-δ-cadinene 2 up to
14 mg g−1 seed. This study presents the framework for rapid
engineering of camelina oilseed production platforms for
terpene-based high value compounds.

P-8

Plant Cell Suspension Cultures: An Engineering Consideration
for EnhancedMetabolite Production. RAKHI CHATURVEDI.

Department of Biosciences and Bioengineering, Indian
Institute of Technology Guwahati, Guwahati-781039, Assam,
INDIA. Emai l : r akh i_cha tu rved i@i i tg .e rne t . in ;
rakhi_chaturvedi@yahoo.co.uk

Plant cell suspension cultures are one of the most convenient
method for scale-up of cell biomass and product development
in bioreactors. Cell suspensions in bioreactors favor high cell
growth rate and consistent metabolite production though with
associated challenges which can be resolved by nutrient and
process optimization. The metabolite production can further
be enhanced by the use of elicitors and precursors selectively.
However, large scale biomass and secondary metabolite pro-
duction in bioreactor is more complex than shake flask cul-
tures. It requires standardization of parameters, like aeration,
agitation speed, pH, temperature, minerals, carbohydrates,
growth regulators and cell density, primarily due to large size
of culture volume combined with shear sensitive nature of
plant cells. In the current study, in vitro callus cultures were
developed on semi-solid medium using leaf explants of
Lantana camara L., a valuable perennial medicinal plant of
the family Verbenaceae. These callus cultures were utilized to
raise cell suspension cultures in shake flasks, which served as
inoculum for 3 liter stirred tank bioreactor with marine impel-
ler. Further parameters, such as temperature, pH, agitation and
aeration speeds were chosen to standardize the culture condi-
tions for high biomass production in bioreactor. Of the tested
parameters, effect of pH on biomass production was observed
to be most significant compared to temperature, agitation and
aeration speeds. Interestingly, three-fold biomass production
was observed in bioreactor with the selected parameters. As
the plant is known for various bioactivities like, antican-
cer, antioxidant, antimicrobial, antifungal, antiviral,
antiulcerogenic, antipyretic and mosquito larvicidal ac-
tivities, therefore, analysis on production of pentacyclic
tri-terpenoids namely betulinic acid (BA), oleanolic acid
(OA) and ursolic acid (UA), in these callus cultures
were performed.

P-9

EPA +DHA Canola: A New and Renewable Dietary Source
of Omega-3 Fatty Acids. C. ANDRE, Andry Andriankaja,
Anthony Cavender, Cory Cui, Stephan Krieger, and Jordan
Sottosanto. BASF Plant Science, 26 Davis Drive, Durham,
NC 27709. Email: carl.andre@basf.com

BASF Plant Science engineered canola to produce the healthy
omega-3 fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) in seed oil. The current sources
of EPA and DHA are wild caught fish and microbial fermen-
tation. However, supply is constrained by sustainability limits
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on the wild fish harvest and the higher cost of microbial fer-
mentation. Therefore, EPA + DHA canola will help make
healthy, affordable food options more available to people
around the world. Our technological breakthrough was
achieved by introducing into canola 10 genes from 8
different organisms that encode the metabolic pathway
to make EPA and DHA. During the talk I will highlight
some of the successes and lessons learned that helped to
make this product a reality.

P-10

Genotype Independent Transformation in Maize Via Direct
Somatic Embryogenesis. KEITH LOWE, George Hoerster,
Ajith Anand, Ning Wang, Kevin McBride, and Bill Gordon-
Kamm. DuPont/Pioneer, Johnston, IA 50131. Email:
keith.lowe@pioneer.com

Rapid, direct embryogenesis can be induced from the scutella
in all maize inbreds tested using a combination of the mor-
phogenic genes Axig1:WUS + PLTP:BBM or using
PLTP:WUS alone. These somatic embryos can be directly
regenerated into independent transgenic events in as few as
three weeks, bypassing the need to induce embryogenic cal-
lus. Fertile plants can be obtained without excision of these
morphogenic genes. This method is ideal for genome modifi-
cation experiments since the morphogenic genes can easily be
segregated away from genome edits in the following genera-
tion. However, for transgenic event production using random
agro integration it would be desirable to eliminate any possi-
ble pleotropic effects that these “helper genes” have. Excision
strategies have been developed, but these take extra steps and
slow down the transformation process. Transient co-delivery
of morphogenic genes along with integrating trait cassettes
can be used to produce transgenic events without compromis-
ing the speed and efficiency of the protocol.

P-11

Genotype-Independent Sorghum Genome Modification.
PING CHE, Ajith Anand, Emily Wu, Keith Lowe, William
Gordon-Kamm, and Todd Jones. DuPont Pioneer. Email:
ping.che@pioneer.com

Although sorghum is the fifth most widely planted cereal crop
in the world and the second most important cereal in sub-
Saharan Africa, the genetic improvement of sorghum through
genome modification has been limited because of the ineffi-
cient and genotype-dependent transformation system. In this
presentation, we describe a highly efficient, genotype-
independent transformation system to increase transformation

and CRISPR/Cas9 mediated genome modification across dif-
ferent sorghum varieties, such as Tx430, Tx623, Tx2752, and
African varieties (Macia, Malisor and Tegemeo). This has
been achieved by taking advantage of the combination of a
newly designed ternary vector system and a direct embryo-
genesis system mediated by the morphogenic genes,Wuschel
(WUS) and Babyboom (BBM).

P-12

Utilization of the Maize Morphogenic Genes Baby Boom and
WUSCHEL for Transformation of Setaria viridis and Maize.
JOYCE VAN ECK1,2, Lesley Middleton1, and Kaitlin
Pidgeon1. 1The Boyce Thompson Institute, 533 Tower Rd.,
Ithaca, NY 14853 and 2Plant Breeding and Genetics Section,
School of Integrative Plant Science, Cornell University,
Ithaca, NY 14853. Email: jv27@cornell.edu

Effective plant transformation in terms of efficiency and re-
covery of transgenic lines in a reasonable timeframe can be
difficult to achieve for some species. There can be genotype
effects that influence the ability to regenerate plants and to
achieve sufficient Agrobacterium infection. There can also
be constraints on availability of suitable starting material be-
cause of a lack of resources such as greenhouses. Through
efforts by DuPont Pioneer scientists to mitigate factors that
can preclude efficient transformation, they found that ectopic
expression of the maize morphogenic genes Baby Boom
(BBM) and Wuschel2 (WUS2) allowed for transformation of
recalcitrant maize lines and enhanced the efficiency of lines
already amenable. We applied BBM/WUS2 to transformation
of Setaria viridis A10.1 and three maize genotypes (B73,
MO17, andW22). Our standard S. viridis Agrobacterium-me-
diated method is based on infection of mature seed-derived
callus. Callus is at the optimum stage for transformation 6–
8 weeks from the time seed is cultured. For A10.1, the average
transformation efficiency is 10%. In order to eliminate the
need to generate callus, we applied the BBM/WUS2 system
to infection of sections of young seedlings containing the mer-
istem and to imbibed mature seeds. The transformation effi-
ciency was 22% for both types of material and the recovery
time for transgenic lines was decreased because callus was not
used for infection. As for maize, we have not been involved in
transformation because immature embryos are required for the
standard method and we do not have greenhouse space con-
tinuously available to grow plants as a source of embryos.
However, we recently utilized BBM/WUS2 for maize because
it allowed us to use imbibed mature seeds and young seedling
tissue for infection instead of immature embryos. Although
this work is in the early stages, we are encouraged by the
results. Improvement of the S. viridis method and the ability
to now incorporate maize transformation into our research
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points to the utility of BBM/WUS2 for overcoming factors
that hinder genetic engineering of some species.

P-13

The Era of New Agricultural Product Development Via
Genomics, Plant Transformation, and Genome Editing.
ALBERT P. KAUSCH1, Kimberly Nelson-Vasilchik1, Joel
Hague1, Muruganantham Mookkan2, Maria Moreno3,
Stephen Dellaporta3, and Zhanyuan J. Zhang2. 1Department
of Cell and Molecular Biology, University of Rhode Island,
Kingston, RI 02892; 2Plant Transformation Core Facility,
University of Missouri Columbia, MO 65211; and
3Department of Biology, and The Yale Genome Center, Yale
University New Haven CT. Email apkausch@uri.edu

The needs to improve plant transformation technologies given
advances in genomics and genome editing has been apparent
for some time. The problems with standard plant transforma-
tion include long process time, expense, labor and expertise
intensive, genotype and explant dependence, intensive tissue
culture, low efficiencies and extensive and expensive regula-
tory approval for commercialization of outcomes. Advances
in large scale genomics and genome editing has exacerbated
the need for increased abilities to produce transgenic analyses.
Recent breakthrough advances using morphogenic regulators
have addressed many of the bottlenecks which have encum-
bered plant transgenic biology. Recent results with cereal
crops demonstrate relatively rapid results and genotype inde-
pendence at reasonably high frequencies. In addition, these
approaches show significant promise for utility in genome
editing which is DNA free and potentially non-GMO. These
advances have made significant progress toward a pan-
application systems approach to plant biology involving ge-
nomics and genome editing which can be practically
achieved. In addition these approaches will include both
university and small company interests to provide prac-
tical applications to crop improvement and basic plant
biology investigations.

P-15

Tissue Culture and Cannabis: Pre-emptive Action to Reduce
Disease Incidence, Pesticide Use, and Related Crop Loss. JON
VAUGHT. Front Range Biosciences, 1224 Commerce Ct #2,
Lafayette, CO 80026. Email: accounting@frontrangebio.com

In agricultural verticals that utilize cloning practices, tissue
culture is the predominant methodology. With the cannabis
industry currently growing exponentially and plant num-
bers increasing at a rapid pace, the risk for massive disease

outbreak is significant. The only way to prevent these ca-
tastrophes in a pesticide-free way is utilizing a tissue cul-
ture clean stock program, which provides cultivators with
clean, disease-free clones backed by agricultural technolo-
gy and produced in a sterile environment. Dr. Jon Vaught
will discuss how tissue culture propagation works, and
how cultivators can leverage it for various purposes, in-
cluding efficiency, cutting down on space and labor, and
allowing for short and long-term storage of varietals,
which is critical for preserving genetics in a stable and
secure environment.

P-16

Tissue Culture of Cannabis sativa and Approaches to Genetic
Engineering. Z. K. PUNJA, D. Collyer, S. Lung, and M.
Feeney. Simon Fraser University, Dept. of Biological
Sciences, Burnaby, BC V5A 1S6, CANADA. Email:
punja@sfu.ca

Meristems and nodal segments with axillary buds of
several strains of Cannabis sativa L. were evaluated
on Murashige & Skoog (MS) medium containing
Gamborg B5 vitamins, sucrose (20 g/L), activated char-
coal (1 g/L) and phytagel (3 g/L) (MS-C) supplemented
with different growth regulators to determine shoot de-
velopment. Addition of 1 uM thidiazuron (TDZ) and 0.5
uM napthaleneacetic acid (NAA) induced higher shoot
development from meristems and nodal segments com-
pared to gibberellic acid and 6-benzylaminopurine, or
TDZ alone. Callus formation on leaf segments was
achieved on MS medium with TDZ and NAA at 1.0
and 0.5 uM. The mean height of shoots after 4–6 weeks
at 25 ± 2°C and at 102 umoles m−2 s−1 light intensity
was significantly (P = 0.05) different between strains.
Meta-topolin (2 uM) increased frequency of shoot for-
mation and height from nodal segments. Elongated
shoots were transferred to rooting medium (MS-C con-
taining indole-3-butyric acid), resulting in 76% rooting.
Plantlets were acclimatized in rockwool or peat plugs,
with a survival rate of >50%. The approaches to genetic
engineering using these methods developed for tissue
culture of C. sativa will be discussed.

P-17

Improving Agrobacterium-mediated Delivery of Genome
Editing Reagents: Potential for Improving T-DNA Delivery
and Regulating T-DNA Integration. STANTON B. GELVIN
and Lan-Ying Lee. Department of Biological Sciences,
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Purdue University, West Lafayette, IN 47907. Email:
gelvin@purdue.edu

Agrobacterium-mediated transformation is the most com-
mon method to generate transgenic plants and to intro-
duce genome engineering reagents into plants. Genome
engineering generally requires, or has as an unintended
consequence, chromosomal integration of these reagents.
To develop transgene-free crops, T-DNA encoding these
reagents must be segregated out, which can be costly
and time-consuming. Segregation is not feasible for spe-
cies with long generation times (e.g., trees) or which are
propagated vegetatively (e.g., potato). We are attempting
to deve lop , u s i ng two d i f f e r en t app roache s ,
Agrobacterium strains that can efficiently deliver but
not integrate T-DNA. The first approach is to alter
VirD2, the protein covalently linked to T-DNA that par-
ticipates in T-strand nuclear targeting and perhaps T-
DNA integration. A mutant version of VirD2 that is
preferentially deficient in T-DNA integration but sup-
ports somewhat lower transient transformation already
exists (omega mutation). We are attempting to improve
upon this version of the protein. In addition, we are
attempting to manipulate the activity of plant DNA po-
lymerase theta (PolQ), which as been proposed to be
important for T-DNA integration. These latter manipula-
tions will not require alteration of plant DNA polymer-
ase theta genes.

P-18

Precision Plant Breeding Using CRISPR-Cas9 Technology. S.
SVITASHEV. DuPont Pioneer, 8305 62nd Avenue, Johnston,
IA, 50131. Email: sergei.svitashev@pioneer.com

CRISPR-Cas is a powerful DSB technology and has a wide-
ranging application in plant breeding programs. The ability to
direct sequence variation using CRISPR-Cas system, com-
bined with low-cost genome sequencing and advances in plant
transformation of elite germplasm, represents a targeted
breeding approach envisioned and put to work at DuPont
Pioneer. Currently, plant transformation primarily relies on
Agrobacterium- and biolistic-mediated delivery of CRISPR-
Cas9 reagents on DNA vectors. To expand our options and
increase precision and specificity of this technology, we de-
veloped an alternative method of delivering Cas9 and guide
RNA (gRNA) into plant cells in the form of ribonucleoprotein
(RNP). We demonstrated that Cas9-gRNA RNP complexes
can be delivered biolisticly into maize embryo cells and facil-
itate both gene mutagenesis and gene editing with frequencies
exceeding those observed in DNA vector delivery experi-
ments. Using this approach, we demonstrated completely

DNA- and selectable marker-free gene mutagenesis in
maize and recovery of plants with mutated alleles with
high frequencies. These results open new opportunities
for precision breeding in a wide variety of crop species.

P-19

Efficient Genome Editing by RNA-guided CRISPR Nucleases
in Soybean. XUDONG YE, Jianping Xu, Linda Rymarquis,
Yurong Chen, Dafu Wang, Andrei Kouranov, Annie
Saltarikos, Bob Gaeta, Sara Salvador, and Larry Gilbertson.
Monsanto Company, 700 Chesterfield Parkway West,
Chesterfield, MO 63017. Email: Xudong.ye@monsanto.com

Genome editing with CRISPR/Cas9 and CRISPR/Cpf1 has
been widely applied to correct genetic disorders in mam-
malian species and to generate useful genetic variation in
plants for agricultural crop improvement. We have ex-
plored applications of Cas9 and Cpf1 systems to develop
efficient genome editing tools in important crops such as
soybean. Agrobacterium-mediated transformation of soy-
bean meristematic embryos has been developed to generate
gene edits and site-directed gene integration, whereas the
particle bombardment transformation system is used for
linear DNA delivery. The soybean phytoene desaturase
(PDS) genes were selected as gene editing targets for tool
development, due to the rapid phenotype that knockouts of
these genes produce. Soybean contains 2 copies of PDS
genes located at chromosome 11 and chromosome 18, re-
spectively. Agrobacterium binary vectors containing both
sgRNAs targeting conserved PDS sequences and Cas9
from Streptococcus pyogenes were transformed into soy-
bean embryos to evaluate CRISPR/Cas9-mediated genome
editing efficiency. Efficient gene knockouts were observed,
along with albino phenotype development. T-DNA inser-
tions at the target site were confirmed following PCR anal-
ysis and sequencing. To evaluate CRISPR/Cpf1 genome
editing in soybean, Agrobacterium binary vectors contain-
ing multiplexed gRNA targeting the two PDS genes, one
FAD2-1A gene, and Cpf1 from Lachnospiraceae
bacterium were transformed into soybean embryos.
Albino phenotype and significant gene knockouts were
observed within 2 months after transformation.

P-20

Improving Crop Productivity by Bypassing Photorespiration:
A Synthetic BiologyApproach. PAUL F. SOUTH1,2, Amanda
P. Cavanagh2, Helen W. Liu2, and Donald R. Ort1,2. 1USDA-
ARS Photosynthesis Research Unit and 2Institute for
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Genomic Biology, Universi ty of I l l inois . Email :
pfsouth@illinois.edu

Worldwide nearly 1 billion people are affected by hunger ev-
ery day. As climate changes globally and human population
increases, traditional methods of crop improvement have be-
come less effective in adapting and improving agricultural
production. In C3 crops such as wheat and rice approximately
25% of the fixed carbon dioxide is lost to photorespiration.
Photorespiration is an energy expensive metabolic pathway
that recycles toxic compounds produced by RubisCO oxygen-
ation reactions. Reducing photorespiratory yield losses by 5%
(i.e., to 31% for soybean and 15% for wheat) would be
worth millions annually in the United States. Although
photorespiration is tied to other important metabolic func-
tions, the benefit of improving its efficiency appears to
outweigh any potential secondary disadvantages.
Synthetic biology has provided new opportunities in altering
photorespiratory metabolism to improve photosynthetic effi-
ciency. Indeed metabolic bypasses to photorespiration have
been generated and have demonstrated improvements in
growth. Using a synthetic biology approach we have assem-
bled a series of multigene constructs that contain alternate
metabolic pathways to bypass photorespiration. In addition,
we designed a screen based approach to test a range of stan-
dardized parts (promoters, terminators) in the model plant
Nicotiana tabacum. We have successfully transformed in
large multigene constructs and have demonstrated metabolic
bypass to photorespiration with significant improvements in
biomass in replicated greenhouse and field trails. Determining
robust photorespiratory bypass constructs can provide in-
sight into next generation crops and our utilization of stan-
dard parts provide a new tool kit for plant synthetic biolo-
gy to engineer improvements in photosynthetic efficiency.

P-21

C4 Gene Discovery Using Cross Species Selection Scan and
Validation Using Setaria viridis as a Model System. PU
HUANG1,2, James Schnable3, Robert J DiMario4, Varsha
Shankar Pathare4, Jennifer Arp1, Yingying Cao1, Yang
Zhang3, Dustin Mayfield-Jones1, Asaph Cousins4, and
Thomas Brutnell1. 1Donald Danforth Plant Science Center,
975 North Warson Road, Saint Louis, MO 63124; 2Current
address: BASF Corporation, 26 Davis Dr., Durham, NC
27709; 3University of Nebraska-Lincoln, 1400 R St, Lincoln,
NE 68588; and 4School of Biological Sciences, Washington
State University, Pullman, WA 99164–4236. Email:
phuang@danforthcenter.org, tbrutnell@danforthcenter.org

C4 represents a specialized form of photosynthesis facilitated
by a sophisticated CO2 concentration mechanism. C4 is

advantageous to relative to the ancestral C3 function under
hot and dry environments, and confers improved water and
nitrogen use efficiencies. Although programs are underway to
engineer C4 traits into C3 crops, a much better knowledge of
the genetics underlying C4 photosynthesis is needed to accel-
erate these efforts. In this study, we have developed cross
species selection scan, a bioinformatics approach which uti-
lizes signals of a well described convergent adaptive evolution
to identify genes under selection for C4 photosynthesis. It
largely takes advantage of the multiple independent origins
of C4 and the rich genomic and transcriptomic datasets avail-
able in the grass family (Poaceae). Using this method, we have
identified several candidate genes whose products may be
involved in regulating or maintaining C4 photosynthesis.
Here I will present example of how we are utilizing Setaria
viridis, a model C4 grass, to validate some of the identified
candidates through transgenic approaches. Several Crispr-
CAS9 targeted mutants have been generated and characterized
for both transcriptomic and gas exchange properties. This
work has also provided new insights into the potential direc-
tions of engineering C4 photosynthesis at both an enzymatic
and pathway level.
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Improving the Efficiency of Photosynthetic Carbon
Fixation in C3 Plants. MAUREEN R. HANSON1,
Myat T. Lin1, Vishal Chaudhuri1, Doug Orr2, Elizabete
Carmo-Silva2, and Martin A.J. Parry2. 1Molecular
Biology & Genetics, Cornell University, Biotechnology
Bldg, Ithaca, NY 14853 and 2Lancaster Environment
Centre, Lancaster University, LA1 4YQ, UK. Email:
mrh5@cornell.edu

Photosynthetic efficiency of C3 plants suffers from the
slow catalytic rate and the reaction of ribulose 1,5-
bisphosphate carboxylase/oxygenase (Rubisco) with O2 in-
stead of CO2, leading to the costly process of photorespi-
ration. We are taking two approaches to improve photosyn-
thetic efficiency in C3 plants: engineering improved
Rubisco enzymes and/or installing a carboxysome into
chloroplasts. Cyanobacteria are able to utilize a form of
Rubisco exhibiting a higher catalytic rate and a lower spec-
ificity for CO2 by encapsulating the enzyme within a
microcompartment known as a carboxysome, where CO2

can be concentrated. Following chloroplast transformation
and homoplasmic plant regeneration, we have expressed
cyanobacterial, red algal Rubisco genes, or modified en-
dogenous Rubisco genes from the chloroplast genome in
the model plant tobacco as a first step to enhance carbon
fixation. We have shown that the tobacco Rubisco enzyme
can be replaced with the kinetically faster cyanobacterial
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enzyme, which assembles and confers autotrophic growth.
However, red algal Rubisco failed to assemble in tobacco
chloroplasts, likely requiring additional assembly factors.
We have demonstrated that endogenous tobacco RbcL can
be replaced with modified versions through either the use
of a synthetic RbcL gene or a tobacco line lacking endog-
enous RbcL. We are currently using synthetic biology clon-
ing methods to design and express new gene regulatory
modules in order to produce the carboxysome shell and
internal microcompartment proteins in the proper ratios
needed for carboxysome assembly. Current support from
Bilateral NSF/BIO-BBSRC (MCB 1642386) and DOE
Energy Biosciences DE-SC0014339.
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Re-conceptualizing the In Vitro Production Pipeline. AMIT
DHINGRA. Washington State University, Department of
Horticulture, PO Box 646414, Pullman, WA 99164. Email:
adhingra@wsu.edu

Micropropagation is an efficient process to rapidly propagate
plant material in clean environments. While micropropagation
of ornamental crops has been successful, its success in peren-
nial crops has remained less than satisfactory. Understanding
the issue of tree production enabled reconceptualization of the
micropropagation process of tree fruit crops. Some insights
into the process and need for research will be discussed.
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Quality Control in the Monsanto Trait Development Process:
Dicamba and Glufosinate Tolerance Corn Event MON87419.
M.J. VARAGONA, M. Goley, E. Allen, J. Huang, O. Sparks,
A. Shao, M. Stoecker, M. Groth, T. Klingaman, and S.
Martino-Catt. Monsanto Company, 700 N. Lindebergh Ave.
St. Louis, MO 63167. Email: ritaljlvaragona@monsanto.com

Monsanto is actively working on developing new traits to give
farmers more choice in their weed control systems. This talk
focuses on our early product research and development pro-
cesses that ensure the quality and safety of the genes we put
into our pipeline, the quality of our testing protocols, and the
purity of the events we hand-off for commercial development.
The development of the dicamba and glufosinate tolerant corn
demonstrates these quality processes that were used during the
early discovery and research on this trait. During development
of the product; intensive quality, phenotypic, molecular, and
purity selection are done to choose final event, MON 87419,
and seed to go on for GLP safety testing and commercial-
ization. MON87419 is in final stages of the regulatory

approval process as well as breeding and testing processes
to prepare it for commercialization.
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Using High Throughput Controlled Environmental
Phenotyping to Understand Water Use Efficiency. IVAN
BAXTER. USDA-ARS Plant Genetics Research Unit,
Donald Danforth Plant Sciences Center, Saint Louis, MO
6 3 1 3 2 . E m a i l : i v a n . b a x t e r@ a r s . u s d a . g o v ;
ibaxter@danforthcenter.org

Plant growth and water use are interrelated processes influ-
enced by the genetic control of both plant morphological and
biochemical characteristics. Improving plant water use effi-
ciency (WUE) to sustain growth in different environments is
an important breeding objective that can improve crop yields
and enhance agricultural sustainability. However, genetic im-
provements of WUE using traditional methods have proven
difficult due to low throughput and environmental heteroge-
neity encountered in field settings. To overcome these limita-
tions the study presented here utilizes a high-throughput phe-
notyping platform to quantify plant size and water use of an
interspecific Setaria italica x Setaria viridis recombinant in-
bred line population at daily intervals in both well-watered
and water-limited conditions. Our findings indicate that mea-
surements of plant size and water use in this system are strong-
ly correlated; therefore, a linear modeling approach was used
to partition this relationship into predicted values of plant size
given water use and deviations from this relationship at the
genotype level. The resulting traits describing plant size, water
use and WUE were all heritable and responsive to soil water
availability, allowing for a genetic dissection of the compo-
nents of plant WUE under different watering treatments.
Linkage mapping identified major loci underlying two differ-
ent pleiotropic components of WUE. This study indicates that
alleles controlling WUE derived from both wild and domes-
ticated accessions of the model C4 species Setaria can be
utilized to predictably modulate trait values given a specified
precipitation regime.
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Molecular Mode of Action of RGL2, a Gibberellin Signaling
DELLA Protein. P. Ravindran, V. Verma, P. Stamm, and P. P.
KUMAR. Department of Biological Sciences, Faculty of
Science, National University of Singapore, Singapore,
117543, SINGAPORE. Email: dbskumar@nus.edu.sg

DELLA proteins are key gibberellic acid (GA) signaling path-
way intermediates and some of them participate in signal
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crosstalk with other hormones. Seed germination involves
crosstalk between abscisic acid and GA signaling. The
DELLA protein RGA-LIKE2 (RGL2) is a key transcriptional
repressor regulating seed germination, but the molecular
mechanism by which it acts was unknown. We identified
GATA12, an Arabidopsis gene encoding a GATA-type zinc
finger transcription factor, as a target of RGL2. Freshly har-
vested (unstratified) seeds of GATA12-gene-suppression lines
have reduced dormancy than the wild type, while ectopic ex-
pression lines show enhanced seed dormancy. GATA12 tran-
scription is negatively regulated by GA and its transcript
levels are reduced under dormancy-breaking conditions in
RGL2-dependent manner. Because RGL2 lacks a DNA bind-
ing domain, it requires a transcription factor to bind to GATA
12 promoter to regulate its expression. We identified DNA-
BINDING ONE ZINC FINGER6 (DOF6), which was previ-
ously shown to be a negative regulator of seed germination as
a novel RGL2 partner. Our findings help in explaining the
molecular mechanism of DELLA function to enforce primary
seed dormancy.
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Role of the Plant Hormones Auxin, Ethylene and Their
Interplay in the Development and Ripening of Japanese Plums
(Prunus salicina). I. EL-SHARKAWY1,2 and J, Subramanian2.
1Florida A&M University, Center for Viticulture & Small Fruit
Research, 6361 Mahan Dr., Tallahassee, FL 32308 and
2University of Guelph, Department of Plant Agriculture, 4890
Victoria Av. N., P.O. Box 7000, Vineland Station, ON L0R 2E0,
CANADA. Emai l : Is lam.elsharkawy@famu.edu,
jsubrama@uoguelph.ca

Post-fertilization, fruits develop rapidly through a coordinated
programme of molecular, biochemical and structural changes
that optimize proper development strategy. The fundamental
importance of these processes has prompted considerable re-
search into how they are governed. Research into fruit devel-
opmental processes has been greatly aided by analysing the
outcome of both naturally occurring and induced genetic di-
versity. One outcome of this research has been the identifica-
tion of phytohormones as master regulators of the many pro-
cesses involved. Ethylene and auxin have been shown to play
important integrative roles. Collectively, our data from auxin
application, quantification, andmolecular genetic studies have
shown that auxin is integral to overall ripening processes. The
differences in the ripening pattern between plum cultivars
could be partially due to the variation in auxin contents as well
as ethylene production. Such variations can influence the ca-
pacity of the fruit to produce and respond to ethylene, which
results in the differentiation in ripening behavior thereafter.
The results clearly demonstrate that ripening of climacteric

fruit could be occurred either in an ethylene-dependent,
auxin-dependent or mutually in ethylene- and auxin-
dependent manners.
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Cell Biology Technologies for Vegetable Crop Improvement.
KALAI LAM-CHENG, Donald Griffey, Thinh Nguyen,
Zachary Bower, Michael Villanueva, Claudia Phavindhu,
and Sukhpreet Sandhu. Cell Biology Department, Bayer
CropScience Vegetable Seeds, West Sacramento, CA.
United States. Email: kalai.lam@bayer.com

Vegetable crop improvement relies heavily on traditional
breeding methods, which are time consuming, depend on cli-
mate conditions, and in some cases, face biological limitations
such as inbreeding depression or species incompatibility. At
Bayer Vegetable Seeds, we use an integrated breeding scheme
that combines cell and molecular biology, genetic and geno-
mic disciplines to develop improved varieties that can adapt to
current and future needs of farmers and costumers. Doubled
haploid (DH) techniques allow the production of pure homo-
zygous lines in one generation, easy and efficient integration
with molecular marker and gene editing technologies, time
and labor reduction to fix traits of interest and overcoming
some difficulties related with inbreeding depression. We pres-
ent advances in DH cell biology technologies at Bayer
Vegetable Seeds over the last years and how this technologies
have impacted the breeding pipeline.
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Doubled Haploid Technology to Accelerate Genetic Gain.
HUACHUN LARUE and Fenggao Dong. Monsanto
Company, 700 Chesterfield Parkway West, Chesterfield,
MO 63017. Email: huachun.larue@monsanto.com

DH (doubled haploid) has been demonstrated as an advan-
tageous breeding method in speeding up the development
of homozygous inbred lines as well as uncovering reces-
sive gene allele functions. It also enables various new tech-
nologies and initiatives aiming to increase genetic gains,
such as genome wide selection and preserving genetic di-
versity. Much progress has been made in major agriculture
companies to employ DH in the breeding programs to ac-
celerate genetic gains. We hope to use this talk to highlight
the utility of DH in breeding and frame the hurdles ahead
to fully leverage and maximize the value of DH across
crops and geographies. We will share our recent progress/
challenges in Monsanto in enabling step changes in DH
method development in Corn and Canola.
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Frontiers in Cannabis Genetic Testing and Microbial Safety:
What on Earth Does This Have to Do with Bitcoin? KEVIN
MCKERNAN, Yvonne Helbert, Heather Ebling, Zac Eaton,
and Kyle Boyar. Medicinal Genomics, 8 Cabot Road, Suite
2000, Woburn, MA 01801. Email: kevin.mckernan
@medicinalgenomics.com

States and countries are legalizing cannabis at a rapid pace.
Each jurisdiction is laboratory of democracy and exploring
heteroneneous microbial regulations. We present the pros
and cons of various microbial regulations as viewed through
a cannabis microbiome sequencing perspective. Portable ge-
netic testing technologies to address rapid and local deploy-
ment for both human and plant pathogens will be presented.
We also explore the benefits blockchains offer in tracking and
tracing cannabis genetics and microbial information through-
out a nascent but rapidly growing industry.
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Polyploidization as a Strategy for the Improvement of
Medicinal Cannabis. J. L. PARSONS1,2, K. Boudko1, S.
Hepworth2, S. Martin3, and T. James3. 1Canopy Growth
Corporation, 1 Hershey Dr., Smiths Falls ON, K7A 0A8,
CANADA; 2Biology Department, Carleton University, 1125
Colonel By Dr., Ottawa ON, K1S 5B6, CANADA; and
3Department of Agriculture and Agri-Food, Government of
Canada, 960 Carling Ave., Ottawa ON, K1Y 4X2,
CANADA. Email: jessica.parsons@tweed.com

Cannabis sativa has long been a source of important thera-
peutic compounds for humans as a treatment for illness and
injury. In light of increased demand for Cannabis products, a
variety of strains with diverse chemical profiles are required to
provide more options to medical users. Chromosome dou-
bling (polyploidization) is a standard tool used in plant breed-
ing to increase genetic diversity. Here, we describe the devel-
opment of tetraploid Cannabis lines and test whether this
transformation changes the yield, or alters the chemical profile
of important secondary metabolites:Δ9-tetrahydrocannabinol
(THC), cannabidiol (CBD), or terpenes. Trials were conduct-
ed on five Cannabis strains representing three different
chemotypes: THC dominant (Strain 1 and Strain 2), balanced
THC/CBD (Strain 3 and Strain 4), and CBD dominant (Strain
5). Initial phenotype analyses on mother strains were used to
establish baselines for genome size, growth rate, and phyto-
chemistry. Optimized methods for growing Cannabis in tissue
culture were established, and tetraploids were induced by
treating axillary bud explants with oryzalin. Ploidy analy-
sis was carried out using flow cytometry. Tetraploid clones

are being assessed for changes in phenotype or chemical
profile compared to diploid mother lines. This research
lays important groundwork for the genetic improvement
of Cannabis.
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Next Generation Cannabis Breeding with Phylos Bioscience.
JESSICA KRISTOF. Phylos Bioscience, 2611 SW 3rd Ave,
Suite 224, Portland, OR 97201. Email: jkristof@phylos
bioscience.com

Throughout the world cannabis has proven to be a valuable
medicinal and recreational crop triggering conversation and
action towards legalization. To aid this growing industry
Phylos Bioscience (www.phylos.bio), an agricultural
genomics company, uses modern molecular genetics and
computational biology to improve cannabis handling and
crop development. In 2015 Phylos developed the first high-
throughput sex differentiation test in the cannabis market. To
aid in providing consistency and transparency throughout the
supply chain Phylos released the Galaxy and Certified
Genotype in 2016 and 2017, respectively. In the publicly-
available web-based 3D visualization application the Galaxy,
users see new varieties relative to one another. Using over
2300 sites Phylos Certified cannabis comes with a Genotype
Report where users find information about a strains genetic
relationships, variation, and genetic novelty relative to the
cannabis population. The Phylos Galaxy continues to grow
and is now the largest and most diverse cannabis genetics
database in the world. In an effort to accelerate research and
protect the intellectual property of cultivators, Phylos enables
customers to publish genetic data from each variety to the
Open Cannabis Project’s open access database. Present day
breeding in cannabis is an unstructured practice with limited
knowledge of genetic variation in parental lines. Recently
Phylos has begun aiding customers in developing their own
modern breeding programs. Through four phases of discus-
sion and collaboration Phylos helps identify target traits and
introduces an accelerated crop development program to
achieve a client’s novel plants. To support our breeding clients
Phylos has partnered with the clonal propagation and germ-
plasm development company Conception.
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Gene Editing Cassava for Disease Resistance, Herbicide
Tolerance and Enhanced Development. NIGEL TAYLOR1,
Raj Deepika Chauhan1, Dan Voytas2, John Odipio1, Dan
Lin1, James Carrington1, and Rebecca Bart1. 1Donald
Danforth Plant Science Center, St. Louis, MO, 63132 and
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2Center for Genome Engineering, University of Minnesota,
Minneapolis, MN 55455. Email: ntaylor@danforthcenter.org

Cassava (Manihot esculenta) is grown for its starch tuberous
roots and is the third most important source of dietary
calories. Due to is highly heterozygous nature and inbreed-
ing depression, gene editing offers important potential for
improvement of this staple crop. CRISPR-Cas technolo-
gies have been applied to cassava using established
Agrobacterium-based delivery systems. Proof of concept
experiments targeting phytoene desaturase (PDS) generat-
ed mutations that resulted in albino plants at frequencies
reaching 80% of all regenerants. Gene editing has since
been applied to generate glyphosate tolerant cassava plants
and plants with enhanced resistance to Cassava brown
streak disease and early flowering. Allele replacement
was performed using strategies that exploit homologous
recombination (HR) and non-homologous end-joining
(NHEJ) DNA repair pathways, to create a promoter swap
and dual amino acid substitution at the endogenous EPSPS
locus. EPSPS-edited plants were phenotypically normal
and showed tolerance to glyphosate. Additional gene
editing efforts have been successful for accelerating
flowering and elevating resistance to Cassava brown steak
disease. The potential and challenges faced for performing
gene editing cassava, and delivering its benefits will be
discussed.

P-34

Successful Non-transgenic Precision Gene Editing in
Cas s ava . BASTIAAN BARGMANN1 , J enn i f e r
Ehrenberger1, Supriya Huilgol1, Long Huynh1, Stephanie
Kearney1, Tracey Lincoln1, Miranda Marks1, Jerry
Mozoruk1, Jina Nameirakpam1, Reema Saleh1, Aura
Schöpke1, Christian Schöpke1, Deepika Chauhan2, Nigel
Taylor2, and Greg Gocal1. 1Cibus US LLC, 6455 Nancy
Ridge Drive, San Diego, CA 92121 and 2Donald Danforth
Plant Science Center, 975 North Warson Road, St. Louis,
MO 6 3 1 3 2 . Em a i l : b b a r gm a n n@c i b u s . c om ,
ggocal@cibus.com

Plant breeding is limited by the available variation that can be
leveraged from within a crop species and from its wild rela-
tives. The Rapid Trait Development System (RTDS™) is a
platform for accelerated breeding that enables diversity to be
increased within a crop to develop non-transgenic traits that
benefit consumers, processors, and farmers. RTDS can em-
ploy a combination of Gene Repair Oligo Nucleobases, site-
specific double-strand breakers, and advanced cell culture to
make defined genomic sequence changes in single cells and to

regenerate those cells into whole plants. Furthermore, the
RTDS platform is especially well suited for outcrossing crops,
such as cassava (Manihot esculentaCrantz), where, even if the
desired traits are available in a subpopulation or close relative,
breeding programs are labor-intensive and time-consuming.
According to the International Institute of Tropical
Agriculture, weeding takes 50 to 80% of the total labor budget
of cassava growers and, moreover, weed growth considerably
affects crop yield. We applied our RTDS technology to devel-
op cassava varieties for Nigerian farmers that are compatible
with a modern and appropriate integrated weed management
system. To this end, we have developed a genome editing
platform for precise, reliable trait development in a farmer-
preferred cultivar (98/0505), and have targeted specific ge-
nome edits for herbicide tolerance. Phenotypically true-to-
type plants can be readily regenerated from treated protoplasts
through improved tissue culture. The RTDS-mediated edits
occurred at sufficient frequency that we could isolate success-
fully edited plants through random screening, indicating that
non-selectable traits could also be obtained through this plat-
form. Our findings demonstrate the enormous potential of
using Cibus’ RTDS for trait development in cassava and in
other crops.
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Advances on Genome Edition of Cassava at CIAT. P.
CHAVARRIAGA and Brand A. Advance Breeding
Platform, International Center for Tropical Agriculture—
CIAT, PO Box 6713, Cali, COLOMBIA. Email: p.chava
rriaga@cgiar.org

Genome editing using CRISPR-Cas opens the possibility of a
faster and more accurate breeding of cassava. The most com-
mon way to edit genes is through Agrobacterium, inserting the
editing machinery to produce INDELS that are then segregat-
ed from the T-DNA in the next generation. We used this meth-
od in cassava for proving the concept to knock out the
GusPlus and MePDS genes. In parallel, and anticipating
DNA-free genome edition, we have developed a system for
protoplast transfection and regeneration aiming at producing
waxy (high amylopectine) and herbicide tolerant cassava for
selected Latin American and Asian cassava varieties.
However, this effort could be in vain if agricultural researchers
in Colombia didn’t support the development of a national
legislation that regulates SDN1/SDN2-edited crops as non-
transgenics. Today the written legislation is being debat-
ed publically. In about 90 days the National Technical
Committee (CTN), the body that regulates organisms
derived from modern biotechnology, will issue the final
Resolution.
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