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PS-1

Programmable Nuclease-mediated Gene Editing in Rodents.
XIAOXIA CUI. Department of Genetics, Washington
University School of Medicine, 4515 McKinley Avenue, St.
Louis, MO 63110. Email: x.cui@wustl.edu

Programmable nucleases, even before CRISPRs, enabled the
introduction of diverse genetic modifications into many species
that lacked other means of genome manipulation. The first
knockout rats were created using zinc finger nucleases
(ZFNs) in 2009 (Geurts et al., Science 325, 433). We followed
up with the generation of the first ZFN-mediated knockout
mice in 2010 (Carbery et al., Genetics, 186, 451), the first
knockin rats and mice via coinjection of ZFNs and donor plas-
mid DNA into fertilized eggs (Cui et al., Nat. Biotech., 29, 64),
and finally conditional knockout rats by creating both floxed
alleles and tissue-specific Cre lines (Brown et al., Nat Methods,
10, 638). CRISPR’s easy access and high efficiency led to its
rapid acceptance and adoption by labs all over the world, in-
cluding for rodent model creation. I will discuss our experience
with ZFNs and CRISPRs, current progress and limitations in
editing mouse and rat embryos and commercial potential.

PS-2

Discovery and Application of Novel CRISPR Nucleases –
Introducing CRISPR 3.0. MATTHEW BEGEMANN.
Benson Hill Biosystems, Inc., 1100 Corporate Square Dr., St
Louis, MO 63132. mbegemann@bensonhillbio.com

Precise genome editing of plants has the potential to reshape
global agriculture through the targeted engineering of endoge-
nous pathways or the introduction of new traits. To develop
CRISPR nuclease-based platforms that would enable higher
efficiencies of precise gene insertion or replacement, we devel-
oped a screen in rice to identify new CRISPR nucleases with
the capacity to generate NHEJ and HDR genome edits. This
methodology was used to screen a variety of Type V CRISPR
nucleases in planta. From this work, 5 novel Cpf1 nucleases

were discovered with in planta activity. In addition, 4 nucleases
from a new group of CRISPR enzymes, Csm1 (CRISPR from
Smithella and Microgenomates), were discovered to have ge-
nome editing capabilities. These Csm1 nucleases are distinctly
different from both Cpf1 and Cas9 enzymes with respect to
structure and activity. The Csm1 group of nucleases are smaller
than either Cpf1 or Cas9, use a single crRNA, and have dis-
tinctly unique structural and biochemical properties. Benson
Hill Biosystems is currently working to fully characterize these
novel nucleases (both Cpf1 and Csm1) to provide a portfolio of
options for the gene editing community.

PS-3

Genome Editingwith Cas9 andCpf1 to Create TargetedGenetic
Variation in Crop Plants. LARRY GILBERTSON. Monsanto
Company, 700 Chesterfield Pkwy West, Chesterfield, MO
63017. Email: larry.a.gilbertson@monsanto.com

Plant breeders have been selecting on naturally occurring ge-
netic variation since the domestication of plants from wild
populations. Improvements in traits like yield, flavor, nutrient
composition, disease resistance, and drought tolerance rely
largely on existing DNA variation. New technologies, such
as CRISPR based tools, have the potential to further improve
crops by introducing variation by design to accommodate the
growing needs of humans as populations increase. This talk
will highlight recent progress in applications of Cas9 and Cpf1
for generating genomic edits in corn and soybean, and future
directions for these technologies for crop improvement.

PS-4

Rapid Development of Next Generation Waxy Corn Hybrids
Using Morphogenic Genes and CRISPR. SCOTT BETTS,
Sutirtha Basu, Morrie Bryant, Dave Bubeck, Doane
Chilcoat, Brian Dahlke, Jeffry Farrell, Maria Fedorova,
Mark Gadlage, Tom Greene, Huirong Gao, Renee Lafitte,
and Robert Meeley. Corteva Agriscience™, Agriculture
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Division of DowDuPont™, 7300NW62ndAve, Johnston, IA
50131. Email: scott.betts@pioneer.com

The invention of RNA-guided Cas9 for gene editing earlier this
decade was followed soon after by its successful application to
crop genomes. The ongoing development of Cas9 as a breeding
tool holds enormous promise to accelerate genetic gain and
increase crop productivity. The most efficient application of
Cas9 for crop improvement is the targeted gene knock-out,
which is achieved in a two-step process: first, RNA-guided
Cas9 introduces a double-strand break in a DNA coding se-
quence of interest, and then the break is repaired via the endog-
enous non-homologous end-joining process. The outcome is a
mutant allele that is indistinguishable from alleles created by
natural recombination or conventional mutagenesis methods.
Targeted gene knock-outs with Cas9 eliminate the need for
population screening and selection to recover beneficial muta-
tions, a years-long process. However, for commercial product
development, novel mutant alleles must still be moved from the
source or donor line, which is typically non-elite germplasm,
intomultiple elite varieties by repeated backcrossing. This allele
or trait introgression process in maize typically takes years to
complete. Scientists at DuPont Pioneer have developed a novel
morphogenic gene technology (Plant Cell 28, 1998–2015) that
circumvents this trait introgression process by enabling Cas9
mutagenesis directly in elite inbreds. By combining Cas9-
mediated gene knock-out and morphogenic gene technologies,
we have developed a set of ten elite maize inbreds each with a
de novo CRISPR-waxy gene knock-out, generated hybrids
from these CRISPR-waxy inbreds (including Pioneer’s top sell-
ing hybrid P1197), and completed successful multi-location
yield trials, in less than three years elapsed time. Pending reg-
ulatory approvals, first commercial sales of these next genera-
tion waxy corn hybrids are expected by the end of the decade.

PS-5

Improving Livestock Health andWell-being ThroughApplied
Gene Editing. JONATHAN E. LIGHTNER. Chief Scientific
Officer, Genus plc, 1525 River Rd. DeForest, WI. Email:
jonathan.lightner@genusplc.com

Recent advances in gene editing technologies and in the appli-
cation of these technologies to livestock animals have created a
wealth of opportunity for improving animal health and well-
being. Genus plc (www.genusplc.com) is a world leader in
genetic improvement of livestock for dairy, beef and pork
producers. Genus is pursuing commercial development of
several gene editing applications to improve the health and
wellbeing of cattle and pigs. In pigs, recent published work
has demonstrated that a simple edit producing a loss of
function variant for the gene product CD163 can produce full

resistance to the devastating pig disease porcine reproductive
and respiratory syndrome virus (PRRSv) (Whitworth KM,
Rowland RR, Ewen CL, Trible BR, Kerrigan MA, Cino-
Ozuna AG, Samuel MS, Lightner JE, McLaren DG, Mileham
AJ, Wells KD. Gene-edited pigs are protected from porcine
reproductive and respiratory syndrome virus. Nature biotech-
nology. 2016 Jan 1;34(1):20–2). Similar results have since been
published by multiple laboratories around the world (Yang H,
Zhang J, Zhang X, Shi J, Pan Y, Zhou R, Li G, Li Z, Cai G,Wu
Z. CD163 knockout pigs are fully resistant to highly pathogenic
porcine reproductive and respiratory syndrome virus. Antiviral
research. 2018 Jan 11, and Burkard C, Lillico SG, Reid E,
Jackson B, Mileham AJ, Ait-Ali T, Whitelaw CB, Archibald
AL. Precision engineering for PRRSV resistance in pigs:
Macrophages from genome edited pigs lacking CD163
SRCR5 domain are fully resistant to both PRRSV genotypes
while maintaining biological function. PLoS pathogens. 2017
Feb 23;13(2):e1006206). We will report our progress in intro-
ducing this genetic variation into four currently commercial
elite genetic pig lines. In cattle, a more subtle edit, involving
an edit of the −5 amino acid of the CD 18 gene product from
glutamine to glycine, which restores a signal peptide cleavage,
has been shown in cell model systems to confer resistance to
the Mannheimia haemolytica leukotoxin (Shanthalingam S,
Srikumaran S. Intact signal peptide of CD18, the Beta-subunit
of Beta2-integrins, renders ruminants susceptible to
Mannheimia haemolytica leukotoxin. PNAS 2009 Sep 08;
106:36: 15448–15,453), which is hypothesized to improve re-
silience to bovine respirator disease (BRD). Among other chal-
lenges the development and successful commercialization of
these types of gene editing technologies will require the crea-
tion of multiple, consistent, reproducible edits in commercial
founder lines of elite genetics. The practical challenges of
deploying these technologies in beef, dairy and pork production
systems are considered.

PS-6

Creating Healthier Food Products Through Genome Editing.
SHAUN J, CURTIN, Ben Classen, Javi Gil-Humanes,
Zachary Demorest, and Daniel F. Voytas. Calyxt Inc.,
Roseville, MN. Email: scurtin@calyxt.com

Several genome engineering methodologies have been devel-
oped to induce specific DNA modifications within a genome.
This technology will become an important crop improvement
tool to generate crops with higher yields, lower input costs and
better nutrition value. Precise genome editing is carried out by
targeted cleavage of specific chromosomal sequences that lead
to knockout or in-frame mutations at specific loci. At Calyxt,
we use transcriptional activator-like effector nucleases
(TALEN®), which can be designed to cleave almost any

PLENARY SYMPOSIA S3

http://www.genusplc.com


sequence in crop plants amenable to transformation. In this
presentation, we demonstrate TALEN-mediated mutagenesis
to generate targeted gene edits in complex crop genomes. To
date gene editing events have been identified in a number of
crop species, such as soybean, wheat, potato and canola.
Examples of candidate traits generated through this technolo-
gy will be presented.

PS-7

Can Agriculture Save the Planet Before It Destroys It? JACK
A. BOBO. Intrexon. Email: jbobo@intrexon.com

With the global population expected to reach more than nine
billion in a little over 30 years, the sustainable production of
agriculture will be increasingly on the minds of governments,
industry, and even many consumers. Not only do we have to
increase the amount of food available, we have to find ways to
minimize its footprint on the planet. There is no activity that
humankind engages in that has a bigger impact on the planet
than agriculture. This is true in terms of impacts on land and
water resources as well as in terms of greenhouse gas emis-
sions. Therefore one of the great challenges that confront all of
us in the next 30 years is to figure out how to maximize the
production of food while minimizing the negatives conse-
quences of agriculture – from polluted waterways to
disappearing rainforests. Biotechnology may hold the key to
addressing many of the world’s biggest problems but only if
scientific breakthroughs make it to fields. In a hot, flat hyper-
connected world public perception of risk, not science, may
ultimately determine if agriculture saves the planet by 2050 or
destroys it. This presentation will examine global trends in
food and agriculture, the interplay between science and public
perception of risk and how scientists build trust to navigate
these trends.

PS-8

Genetic Modification of Potato: Learnings from the Simplot
Plant Sciences Innate® Experience. TIM CARROLL, Craig
Richael, Hua Yan, Nikolaos Georgelis, Nicolas Champouret,
and J. Troy Weeks. Simplot Plant Sciences, JR Simplot Co.,
5369 West Irving Street, Boise, ID. 83706. Email:
timothy.carroll@simplot.com

In the process of creating, deregulating and commercializing
the INNATE® series of potato products via genetic modifica-
tion (GM), we at Simplot Plant Sciences have developed a
unique perspective on the power and limitations of GM.
Multi-trait genetic engineering of potato varieties presents
several challenges both to the scientist and to regulatory

agencies. Current INNATE® second-generation potato varie-
ties were engineered with four traits in two iterative steps
using Agrobacterium-mediated transformation. Superior
events exhibiting outstanding silencing of two genes were
deregulated through processes established by the US
Department of Agriculture. These deregulated events were
then engineered with cold-induced sweetening resistance
(via silencing of the vacuolar invertase gene (VInv)) and late
blight (Phytophthora infestans, Mont. deBary) resistance and
subjected to another round of selection to ensure gene effica-
cy. Correcting deficiencies of potato varieties and making
value-added products will give GM techniques lasting rele-
vance. However, genome editing (GE) tools could alter gene
expression in a manner similar to GM without the potential
regulatory burden. Although this new technology requires op-
timization, it holds promise as a standalone technology or one
complementary to GM. The challenges of developing a genet-
ically modified potato will be explained in the context of our
experience as a GMO provider within a private companymak-
ing potato food products. In addition, strategies will be pro-
vided for the practical utility of GE to engineer traits in potato.

PS-9

Developing the Next Generation of Enhanced Turfgrasses.
LISA LEE. The Scotts Miracle-Gro Company, 14111
Scottslawn Road, Marysvil le, OH 43041. Email :
lisa.lee@scotts.com

Turfgrasses play an important role in maintaining a healthy
environment and enriching our lives. Not only does turf provide
an esthetically pleasing landscape feature or a functional sur-
face for sporting events, turfgrass helps reduce soil erosion and
agricultural runoff, and it absorbs carbon dioxide and ozone
while releasing life-sustaining oxygen. Turfgrasses trap an es-
timated 12 million tons of dust each year and an average lawn
has the cooling effect of about 10 tons of air conditioning
(Beard and Green, 1994). While advances in breeding and cul-
tural practices are continuously increasing the positive environ-
mental impact of turf, biotechnology has the potential to dra-
matically enhance our ability to maintain a healthy turfgrass
stand with even fewer inputs. Biotechnology can provide
breeders with the means to help solve turfgrass management
problems that have not, and probably will not, be solved by
conventional breeding. Some improved features and benefits
potentially available through biotechnology include: herbicide
resistance for weed control with an environmentally benign
herbicide; reduced vertical growth to decrease the frequency
of mowing; broad-spectrum disease tolerance to reduce the
need for fungicides; improved heat or cold hardiness to de-
crease loss of turf due to winter or summer stress; increased
drought tolerance or water use efficiency to reduce our
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dependence on potable water sources. The Scotts Company is
celebrating its 150th anniversary in 2018. During that time,
Scotts has led many innovations in breeding, seed production
and turfgrass maintenance. We are excited to be adding another
innovation to that legacy with our Enhanced Turfgrass Quality
(ETQ) turfgrasses. Our ETQ products should deliver superior
quality while requiring fewer inputs such as mowing, fertiliza-
tion and herbicides. The presentation will share some of the key
milestones of our current products and our vision for develop-
ing next generation enhanced turfgrasses.

PS-10

Public Policy, Societal Impacts, and Considerations for
Advanced Biology, Genomics and Gene Editing in
Pharmaceutical, Medical and Agricultural Applications.
ALBERT P. KAUSCH. Department of Cell and Molecular
Biology, University of Rhode Island, 530 Liberty Lane,
West Kingston, RI 02892. Email apkausch@uri.edu

Advancements in genomics, advanced breeding, systems bi-
ology, transgenics and gene editing have profound implica-
tions across all fields of life sciences. The growth in these
fields is exponential. There is a well known educational gap
between the knowledge within the general public about these
topics, the actual science, and their applications. Funding from
both public and private sectors may become further compro-
mised. The largest challenges in these fields, therefore, are not
necessarily only technological, but those of public policy, so-
cietal impacts, funding, regulation, and how these technolo-
gies should be implemented. The applications and develop-
ments in these fields are among the most provocative and
socially relevant topics today; however, the lack of under-
standing about basics of these fields and their benefits to so-
ciety may inhibit scientific research and occlude meaningful
debate on important social and moral issues. Data from recent
studies on public awareness on biotechnology in general show

alarming misunderstandings. This has been highlighted over
the past decades long debate about GMOs and food. Yet pub-
lic policy will impact public grant funding, private investment
and new start-up company development. The stakes regarding
societal impacts are high.While each development needs to be
considered on a case-by-case basis on a risk/benefit analysis,
perhaps the largest threat is not moving forward.

PS-11

Advanced Breeding Tools: New Opportunity for Developing
Countries and Public Sector Breeding Programs. HECTOR
QUEMADA. Donald Danforth Plant Science Center, 975
North Warson Road, St. Louis, MO 63132. Email:
hquemada@danforthcenter.org

Public sector breeding programs have played an important role
in making advances in agricultural productivity. Investments in
crop improvement have beenmade by governments throughout
the world, and continue to be depended upon by farmers, espe-
cially in developing countries, to solve the problem of growing
sufficient food to feed themselves and others. Transgenic tech-
nology has been an important tool for improving crops over the
last two decades, but has been accessible primarily to large
agricultural companies that have the resources to conduct the
expensive research and development, especially regulatory ap-
provals, that have become inherent in the process of bringing
transgene-based varieties to market. New breeding tools, such
as CRISPR/Cas9 editing, produce varieties that in many cases
would be indistinguishable from varieties produced by tradi-
tionally unregulated methods of plant breeding. If the regulato-
ry status of plants produced by gene editing were to be properly
placed in the same category as traditional breedingmethods, the
contribution of public sector breeding programs, especially in
resource-constrained developing countries, could make the
most use of government investment, and restore public breed-
ing programs to prominence.
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