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Seed Biotechnology Center

The SBC at 20: Celebrating the past and anticipating the future

The UC Davis Seed Biotechnology Center (SBC)
officially began in 1999, but much of the groundwork
took place in 1998. Thus, with this report we are
celebrating the founding of the SBC and anticipating
the start of its second 20 years. The core concept of
the SBC was hatched in discussions between me and
F.J. (Chip) Sundstrom, who was then the director of
the California Crop Improvement Association (CCIA).
We thought that given the size and importance
of the California seed industry, there should be a
specific entity at UC Davis focusing on seed research,
extension and education. We floated various ideas
for an organization combining the research activities
of my laboratory with the certification services of the
CCIA. However, we sparked relatively little enthusiasm
until we focused it around biotechnology, which was
new at the time and seemed to hold great promise for
many of California’s crops. Therefore, we conceived
the Seed Biotechnology Center and started it with
some funds provided by the College of Agricultural
and Environmental Sciences (CA&ES) through then
Associate Dean Alan Bennett. Susan DiTomaso, who
was working at CCIA at the time, got wind of this

and asked for the opportunity to become the SBC’s
first employee. Hiring her was the first best decision
I made. She set up office in a converted chicken
coop office behind Asmundson Hall, and we were
underway.
We received strong support from the California Seed
Association (CSA) (executive director Rich Matteis)
and its leaders (Gabe Patin and many others; see
Advisory Council p. 16), who made us aware of the
Seed Advisory Board (SAB), which functioned as
a state-sanctioned commodity board managed by
the California Department of Food and Agriculture
(CDFA). We approached the SAB for funding, and
while interested, they were hesitant to spend
the industry’s funds without a clear indication of
widespread support. As we were hoping to build a
space on campus to house the SBC, they suggested
that raising significant contributions toward that goal
would be such an indication! So before we had any
real program to tout, we found ourselves traveling
the state to solicit contributions from seed companies
to our building fund. Chip Sundstrom, Alan Bennett,
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Michael Campbell (CA&ES Development) and I
made our pitch to anyone who would listen, and
amazingly enough, raised $1.4 million in pledges.
While impressive to us, and to the SAB (they have
contributed to our funding continuously since 2000),
this would not go far toward a laboratory building on
campus. However, at the same time, the campus was
planning for a new Genome and Biomedical Sciences
Facility (GBSF) and was designing a smaller building
to start those programs called the Genome Launch
Space. CA&ES Dean Neal Van Alfen suggested that
we might add our funds to expand that building, and
we could remain in it after the initial occupants moved
to the new GBSF. We took that offer, and in 2003 SBC
moved into its current home, now called the Plant
Reproductive Biology (PRB) building.
In 2002, I made the next best decision ever and hired
Allen Van Deynze as director of research for the SBC.
With a PhD in plant breeding from the University of
Guelph, a postdoc at Cornell and breeding/genomics
positions at Calgene, Monsanto and Celera AgGen,
he quickly brought the SBC into the genomics arena.
Allen became a global leader in sequencing and
mapping the genomes of diverse crops, particularly
those that are important to California. Always at the
cutting edge of technology, but grounded with his
Canadian pragmatism, Allen has been both a leader
and a valued collaborator to many colleagues around
the world. Since 2012, Allen has worked closely with
Howard Shapiro (Mars, Incorporated) to develop
the African Orphan Crops Consortium (AOCC) and
the African Plant Breeding Academy (AfPBA), which
is sequencing the genomes of 101 African crops
and training African breeders how to utilize that
information in their crop improvement programs. In
August 2018, Allen, Howard, Alan Bennett and their
collaborators published groundbreaking research
demonstrating that indigenous maize crops that
Howard had observed in Oaxaca, Mexico nearly 40
years previously have a symbiotic relationship with
nitrogen-fixing microbes. For this and many other
novel contributions that he has made, Allen received
the Academic Federation Excellence in Research
Award for 2018. For his latest advances, see the
Research section of this report.
The next best decision ever was hiring Rale Gjuric
as director of education for the SBC in 2010. As
both a commercial canola breeder and founder of
his own company (Haplotech), Rale had the perfect
background for leading and further developing the
SBC Plant Breeding Academy (PBA) that Allen and
I had created in 2006. The PBA has become the
premier professional development course for plant
breeders, with continuous programs operating at
UC Davis, in the European Union and in Africa, and
occasional offerings in Thailand and other countries.
Rale manages the PBA and the other professional
education courses that the SBC offers that provide
major benefits for the seed industry (see Education
section of this report).

Another game-changing factor for the SBC has
been our partnership with Francois Korn. I first
met Francois when he was pitching his idea for an
internet database of vegetable cultivars on NetScape
(remember that one?!). I thought it was brilliant, and
he subsequently developed it into SeedQuest.com,
the primary information website for the global seed
industry. Francois was an early supporter of the SBC
and a founding member of our Advisory Council. In
2009, Francois recognized that the seed companies
clustered around UC Davis and the Salinas area
could form a mutual benefit organization connected
with UC Davis. This became Seed Central, one of
the most successful public-private partnerships in
California’s agricultural economy, as confirmed by
being awarded the UC Davis Chancellor’s Innovative
Community Partner of the Year Award for 2018 (see
p. 12). Francois has contributed countless pro bono
hours to his mission to bring the results of UC Davis’
research to market faster, and his dedication to
student engagement and development is changing
lives. Thus, this year we also are celebrating the 10th
anniversary of Seed Central (see Francois’ essay at
the end of this report).
The SBC has benefitted from outstanding staff
members throughout its history. I will not enumerate
them all here, but I do thank them all for their
competence, talent and dedication to the values and
mission of the SBC.
Even as we celebrate the past 20 years, we are
anticipating ever-greater achievements in the future.
This is a time of transition for the SBC, as both Sue
and I will retire in 2019. We have already hired staff
who are learning the details that only Sue knows
about how to run this organization. Allen will take
over as director of the SBC in July, and we will hire
a faculty replacement for me within the next year.
We plan to be looking for a new executive director
by 2020 to help take the SBC to new heights. The
pace of scientific advancement in crop improvement
and seeds is accelerating, and some of the barriers
for commercialization of those advanced products
are coming down. The challenges of feeding a stillgrowing population in the face of climate change will
demand the best of us all, but I am confident that the
talented people and partnerships cultivated by the
SBC will be up to the task.
Join us on September 12 at UC
Davis for a special day-long
edition of Seed Central’s monthly
networking meeting to celebrate
the SBC’s 20th Anniversary.
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EDUCATION
Plant Breeding AcademySM
The University of California, Davis (UC Davis) Plant Breeding Academy (PBA) has been offered since 2006 with classes in
the USA, Europe, Africa and Asia. To date, the program has trained more than 330 breeders, 80% of which are from the
private seed industry. The PBA is a postgraduate program that teaches the fundamentals of plant breeding, genetics and
statistics through lectures, discussion, and field trips to public and private breeding programs. The program maintains its
core curriculum in addition to upgrades that address the most recent developments in plant breeding theory and practice.
The core instructors include internationally recognized experts in plant breeding and seed technology: Kent Bradford,
Allen Van Deynze, Rale Gjuric (all UC Davis), Rita Mumm (University of Illinois), Todd Wehner (North Carolina State
University), Iago Hale (University of New Hampshire), Bruce Walsh (University of Arizona), Idy van Leeuwen (BreedWise),
Rob Dirks (Managerial Genetics Consulting) and Alexandra Tomerius (AIB). They are supported by a number of guest
lecturers from the private industry and academia.

PBA Highlights in 2018
UC Davis PBA Class VI graduates in June
and Class VII begins in September
The UC Davis Plant Breeding Academy (PBA) participants
spend more than 300 hours over two years in classes,
workshops and the field to complete this premium professional
educational program. Class VI held its fifth session in February
and final session (and graduation) in June, both in Davis,
California. In celebration of the tenth anniversary of the PBA
program, alumni were invited to the graduation ceremony to
celebrate the success of the participants and the PBA over the
past ten years.
Davis PBA Class VI graduates included:
•
•
•
•

Akira Yokofuji, Snow Brand Seed, Japan
Bear Reel, CW Hemp, USA
Carlos Manuel Xico, Bejo, Guatemala
Donato Titolo, Dow AgroSciences, USA

• Erin Gerdes, Nuseed, USA
• Hong Jen (Victor) Wang, Sakata Seed,
USA
• Katriona Vigueras, Bayer, USA

•
•
•
•

Kelly Stanton, Enza Zaden, USA
Manoj Kumar Kabdal, Pioneer, India
Parag Agarwal, VNR Seeds Pvt., India
Ryan McMillen, Rijk Zwaan, USA

UC Davis PBA Class VII held its first session in September in Davis,
California. The class core curriculum maintained upgrades from
previous classes while adding modules to address the most recent
development in plant breeding theory and practice.

Class V continues PBA in Europe
The fifth class of the UC Davis European PBA (EPBA) completed three
of its six sessions in 2018: Angers, France in March; Gatersleben,
Germany in June; and Gent, Belgium in October. EPBA Class V will
gather in June next year in Davis, CA for their sixth and final session,
which will conclude with a graduation ceremony and celebration.
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UC Davis PBA in Africa Class III graduates
In May, the PBA in Africa (AfPBA) graduated its third class with
a session at the World Agroforestry Centre (ICRAF) in
Narobi, Kenya. The SBC offers this program in cooperation
with and funding from the African Orphan Crops Consortium
(AOCC). Over 13 months, thirty-three participants from 18
countries and 30 institutions throughout Africa spent more
than 300 hours in the six-week program in classes,
workshops and the field. Instructors included experts from
academia and industry professionals including Rita Mumm
(Director of AfPBA, University of Illinois), Rale Gjuric, Allen
Van Deynze and Kent Bradford (all UC Davis), Iago Hale
(University of New Hampshire), Bruce Walsh (University of
Arizona) and Todd Wehner (North Carolina State University).
Special topics were covered by Darshna Vyas (LGC), Oswald
Crasta (Corteva, Inc.), Alex Lipka (University of Illinois), Nasser Yao (BecA/ILRI), Damaris Odeny (ICRISAT) and Ramni
Jamnadass and Prasad Hendre (both ICRAF) and were complemented with several discussions at local breeding
programs such as CIMMYT and the Coffee Research Institute of Kenya. Local support for the AfPBA was provided by The
World Agroforestry Centre Director Tony Simons with logistical support from Imelda Ingumba and Mehmood Hassan.
Logistical support at the SBC was provided by Julie Tillman, Susan DiTomaso and Sally Mohr.
The AfPBA aims to train 150 of the top African plant breeders in the latest plant breeding
strategies, including population improvement, quantitative genetics, selection theory,
objective phenotyping and application of genomics to plant breeding. The goal is to enhance
the ability of Africans to produce locally-sourced, nutritious food to reduce stunting due to
malnutrition. This program was organized in collaboration with The African Union New
Partnership for Africa’s Development (NEPAD) Agency and the African Orphan Crops Consortium. The AfPBA gratefully
received financial support from Mars, Incorporated and the Alliance for a Green Revolution in Africa (AGRA).
AfPBA Class III graduates included:
• Adja Madjiguene Diallo, Institut Sénégalais de
Recherches Agricoles/Centre National de Recherches
Forestières (ISRA/CNRF), Senegal
• Asnakech Tekalign Beyene, Ethiopian Institute of
Agricultural Research, Ethiopia
• Batiseba Tembo, Zambia Agricultural Research
Institute (ZARI), Zambia
• Beatrice Elohor Ifie, West Africa Center for Crop
Improvement (WACCI), Ghana
• Clarisse Pulcherie Kondombo (Barro), INERA, Burkina
Faso
• Clement Akais Okia, World Agroforestry Centre
(ICRAF), Uganda
• Daniel Kwadjo Dzidzienyo, West Africa Centre for
Crop Improvement, Ghana
• Dorcas Ibitoye, National Horticultural Research Institute, Nigeria
• Edgar Valentin S. Traore, INERA, Burkina Faso
• Edmore Gasura, University of Zimbabwe, Zimbabwe
• Emmanuel Chamba, CSIR-Savanna Agricultural Research Institute, Ghana
• Ermias Abate Desta, Amhra Regional Agricultural Research Institute, Ethiopia
• Fatma Awad Hussein, Field Crops Research Institute, Egypt
• Fekadu Gurmu, South Agricultural Research Institute, Ethiopia
• Friday Nwalo Nweke, Federal University, Nigeria
• Grace Nakabonge, Makerere University, Uganda
• Heneriko Philbert Kulembeka, Lake Zone Agricultural Research and Development Institute, Tanzania
• Hirut Betaw, International Potato Centre, Ethiopia
• Hortense Noelle Mafouasson Apala, Institute of Africultural Research for Development (IRAD), Cameroon
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• Innocent Nanoukon Dossou-Aminon, Laboratory of
Biotechnology, Genetic Resources and Plant and Animal
Breeding (BIORAVE), Benin
• Jane Cheserek, Coffee Research Institute, Kenya
• Lawrent Pungulani, Chitedze Research Station, Malawi
• Maletsema Alina Mofokeng, Agricultural Research CouncilGrain Crops Institute, South Africa
• Maureen Fonji Atemkeng epse Nkoumki, Institute of
Agricultural Research for Development (IRAD), Cameroon
• Maxwell Darko Asante, CSIR-Crops Research Institute, Ghana
• Mayada Beshir, Agricultural Research Corporation (ARC),
Sudan
• Moses Adeolu Adebayo, Ladoke Akintola University of
Technology, Nigeria
• Muhyideen Oyekunle, Ahamadu Bello University, Nigeria
UC Davis PBA in Africa instructors
• Oumarou Goita, Institut d’Economie Rurale (IER), Mali
From left: Rita Mumm, Bruce Walsh, Allen Van Deynze and Iago Hale
• Oumarou Souleymane, INRAN (National Institute for
Photo: World Agroforestry Centre
Agronomic Research of Niger), Niger
• Qudrah Olaitan Oloyede-Kamiyo, Obafemi Awolowo University, Nigeria
• Regina Tende, Kenya Agricultural and Livestock Research Organization (KALRO), Kenya
• Robooni Tumuhimbise, National Agricultural Research Organization, Uganda
• Ruth Musila, Kenya Agricultural and Livestock Research Organisation/Industrial Crops Research Institute, Kenya
• Stephen Amoah, Council for Scientific and Industrial Research - Crops Research Institute, Ghana

UC Davis PBA in Africa begins Class IV
In late November, the AfPBA and ICRAF welcomed Class IV to Nairobi, Kenya for the first of three sessions attended
over 13 months. This class of 36 students represents professionals from 24 nations and 31 institutions throughout Africa.
Instructors are as described above for Class III. Logistical support at the SBC was provided by Julie Tillman and Susan
DiTomaso.

ALLEN
VAN DEYNZE
Co-founder
PBA in Africa
Research Director
Seed Biotechnology Center

The UC Davis Plant Breeding Academy in Africa is
part of the African Orphan Crops Consortium. The
goal of the Consortium is to make nutritious crops
productive for Africa. The Plant Breeding Academy
is delivering food security to the continent. The
people here today are the ones who are going to make
the difference. Those who have passed through the
academy have taken on the challenge to make sure
that everyone has nutritious food on their table.”

UC Davis
Plant Breeding Academy
in Africa, Class IV

7

ANNUAL REPORT 2018
PBA participant Dr. Kodjo Glato Passes Away in Ethiopian Airlines Accident
The PBA expresses its profound sadness and sympathy to the friends, family
and colleagues of African PBA Class IV student Dr. Kojo Galto, who died
tragically in an Ethiopian Airlines crash in March 2019. Dr. Galto was an assistant
professor at the University of Lomé in Togo and was traveling to a workshop at
Biosciences eastern and central Africa (BecA-ILRI) in Kenya. He was a talented
plant breeder and will be missed.

African Orphan Crops Consortium
The African Orphan Crops Consortium’s (AOCC) objectives are to improve the nutrition, productivity and climatic
adaptability of some of Africa’s most important food crops to decrease the malnutrition and stunting that is rife
among the continent’s rural children. In 2018, the AOCC released and published its first 5 genomes in Gigascience:
Vigna subterranean (bambara groundnut), Lablab purpureus (hyacinth bean), Faidherbia albida (apple-ring acacia),
Sclerocarya birrea (marula) and Moringa oleifera (Moringa). The first three can fix their own nitrogen and all five
are important sources of vitamins, macro- and micronutrients in traditional African diets. To date, one or more
forms of sequence data have been produced for 60 crops. Reference genome sequences for five species have
already been published, seven are almost completed and 19 are on the way. Impressively, AfPBA graduates have
now raised over $30M in additional grants to fund plant breeding on the African continent. They leverage AOCC
partners to optimise their breeding programs and use the tools developed by AOCC. They also have utilized their
knowledge to enhance and develop graduate level courses in plant breeding in their home institutions. For the
2018 progress report, see http://africanorphancrops.org/reports/.

UC Davis Plant Breeding Academy in Africa
Class IV, World Agroforestry Centre tour
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SBC Educational Courses
Seed Business 101SM
The one-week Seed Business 101SM (SB 101) program exposes participants to the five functional areas of a seed
company: research and development, production, operations, sales and marketing, and administration. Content is
delivered with an interactive approach by creating a virtual seed company and examining case studies for each
functional area. Those new to the seed industry are provided with a broad understanding of the major aspects of
a seed company’s operations and cross-departmental
knowledge of best practices for profitability. Two distinct
programs are offered, one focusing on field crops and
the other on horticultural crops, and are taught by
widely respected industry executives with additional
help of experts participating as guest speakers. Course
instructors included Tom Francis, Craig Newman and
Dave Westphal (Field Crops); and Mike Pereira, Maurice
Smith and Pieter Vandenberg (Horticultural Crops).
In 2018, 15 participants attended Field Crops and 26
attended Horticultural Crops. More than 550 participants
have completed this course since its inception in 2010.

Seed Business 101 courses offered in 2018
Field Crops — August • St. Charles, Illinois
Horticulture — December • Davis, California

Seed Business 101SM
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Breeding with Genomics
The course is aimed at professionals who are directly or indirectly involved in plant breeding and germplasm
improvement, offering a valuable opportunity for current breeders already using these tools to expand their
knowledge and for laboratory personnel to appreciate how marker data are applied in breeding programs. The
course covers diverse topics, including DNA markers, genotyping by sequencing, marker-assisted back-crossing,
molecular breeding, breeding for disease resistance, and genomic selection in animal systems. The program
featured a hands-on workshop on marker application in breeding programs utilizing R, the Integrated Breeding
Platform and BLUPS software support. The 2018 instructors included Allen Van Deynze, Paul Gepts, Patrick Brown,
Richard Michelmore (all UC Davis), David Francis (The Ohio State University) and Shawn Yarnes (Integrated
Breeding Platform). In attendance at this eighth offering were 16 individuals from the US, Chile and Italy.
Breeding with Genomics — February • Davis, California

Seed Biology and Quality
This unique two and a half day course is targeted to professionals in the seed industry, crop consultants and
growers to update and expand their current knowledge. Seed producers need an understanding of the biological
factors that contribute to the development and maintenance of seed health, vigor and viability, and how those
qualities are measured. This course presents the scientific background for production, handling, storage and
quality control procedures in the seed industry. It updates participants on new information in these topics,
including seed pathology, technology, conditioning, enhancement and storage. The 52 participants came from
countries around the world, including Australia, Canada, Ecuador, Italy, Japan, Mexico, and various states in the US.
The 2018 instructors included Pedro Bello, Kent Bradford, Phyllis Himmel and Mike O’Leary (all UC Davis); Diane
Krause (Monsanto, retired); Matt May and Samantha Thomas (both Monsanto); and Deborah Meyer and Riad
Baalbaki (both California Department of Food and Agriculture).
Seed Biology and Quality — June • Davis, California
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Program Management for Plant Breeders
Managing plant breeding and laboratory programs is complex.
This course is designed to enhance management skills of plant
breeders and technical leads. Professionals directing these
programs in agricultural research, in agribusiness development
and in the public sector benefit from attending this course.
Twenty-two breeders/researchers representing public and
private organizations from USA, Nigeria, Mexico, Taiwan and
Brazil participated in the fourth offering of this course. Mengyuan
Xiao, a PhD student at UC Davis, participated in the course as
the recipient of the “Larry Teuber Memorial Scholarship". Lead
instructors included industry experts Fred Bliss, Tom Francis and
Rale Gjuric.
Program Management for Plant Breeders
September • Davis, California

OUTREACH AND PUBLIC SERVICE
SBC co-hosts Cucurbitaceae 2018
Held in the US for the 9th time and in California for the 2nd time, this global
conference on Cucurbitaceae breeding brought together over 270 cucurbit
scientists, both public and private, from 16 countries for an in-depth
exploration of new frontiers in cucurbit research and development. A
combined 116 talks and posters were presented at the 2018 gathering.
Cucurbitaceae 2018 Highlights
• Three days of oral presentations, themed sessions of invited talks by domestic and international professionals
from the public sector and industry to discuss advances and applications for the Cucurbitaceae species
• Poster and invited speaker sessions on Genomics, Genetic Resources, Breeding and Genetics, Production and
Quality, Biotic Stress, Floral & Fruit Development, Breeding for Resistance
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• Crop-specific sub-meetings for cucumber, melon, squash, watermelon, and melon
powdery mildew
• Keynote welcome address by Victor Verlage, Senior Director of Agricultural Strategy
leading Strategic Food Sourcing, Walmart Inc., “Indulging in Healthier Diets”
• Off-site tours to Bayer, Marrone Bio Innovations, Seka Hills Olive Mill & Tasting Room
and the UC Davis Robert Mondavi Institute research winery
• In partnership with Seed Central, squash, olive oil, and honey tasting was followed by
a networking social and a panel discussion on “Breeding for Culinary Qualities and
Chefs’ Expectations” featuring the following panelists:
• Dr. Ali Bouzari, Culinary Scientist, Co-Founder, CSO Pilot R+D
• Dr. Lindsay Wyatt, Pumpkin & Squash breeder, Johnny’s Selected Seeds
• Nick Balla, Chef
• Paige Schoening, Farm to Table Program Manager, Guckenheimer at Google
• Vince Caguin, Director of Nutrition Services & Warehousing, Natomas Unified School District

Thank you to our conference sponsors
Limagrain
USDA-NIFA
Syngenta
Nunhems, now a part of BASF
Seed Biotechnology Center, UC Davis
SeedWorld
VoloAgri
Bayer
SeedQuest
Amy Goldman Fowler
Dept. of Plant Sciences, UC Davis
College of Agricultural and
Environmental Sciences, UC Davis
Rijk Zwaan
Sakata
Enza Zaden

The SBC, conference organizers
and committee members thank all
participants, attendees and sponsors
for coming together to make
CUCURBITACEAE 2018 a huge success!

Seed Central
UC Davis is a world leader in seed, plant and agricultural sciences. While
the influence of UC Davis extends throughout the USA and far beyond, the
approximately 100 seed and seed-related companies clustered near UC Davis
benefit greatly from its proximity. Established in 2010 as an initiative of the UC
Davis SBC and SeedQuest, Seed Central (SC) facilitates communication, networking and research collaboration
between UC Davis and the surrounding seed and ag biotech industries. Forty-five seed, agricultural biotechnology
and food companies are members of SC, including many that are headquartered overseas.
Seed Central offers regular networking events with featured guest speakers in Davis (nine per year) and Salinas
(two per year). Since SC’s creation in 2010, attendance at these events has continued to grow, with a total of over
3,000 participants from over 350 companies and organizations from California, the U.S. and overseas having
attended these events.

Tech Showcase for Seed, Agriculture and
Food Companies: Startups, Early-stage and
Beyond
In January, SC hosted this special event, with industry
representatives from 40 companies participating and
engaged in discussion and brainstorming with educators and
students about the different stages of company growth.
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Encounters — Seed and Agbiotech Professionals with Uncommon, Unexpected,
Atypical, Unusual Backgrounds
This March event was led by 17 industry panelists who were paired with students months previous to the meeting.
Panel members showcased the many pathways and circuitous routes they took, which led them to satisfying and
successful careers in the seed and ag-biotech industy. Panel career testimonials were rounded out by dynamic
round-table discussions and questions from audience members.

Produce Quality and Safety
In April, a special science session on produce quality and safety was followed by a panel discussion on regional
food partnerships.

Special Networking Event, in cooperation with the California Seed Association
In April, students from Chico State, Woodland Community College, University of California Davis, Fresno State, Cal
Poly San Luis Obispo, California State University Monterey Bay and Hartnell College gathered in Salinas, California
for a special event hosted by Seed Central. Students in attendance met with representatives from nine companies
for round-table discussions and encounters, followed by a networking and career fair.

Special Panel Discussion and Networking Event, in connection with the
Cucurbitaceae 2018 Conference
In November, Seed Central hosted jointly with the Cucurbitaceae Conference an evening networking event
followed by a panel discussion around "Breeding for culinary qualities and chefs' expectations". Panel members
are listed on previous page (page 11).

Processing Tomato Conference at UC Davis
In December, SC teamed up with the UC Davis World Food Center to host a special Seed Central full-day
event. The Processing Tomato Conference brought together Northern California’s processing tomato value
chain: breeders, seed dealers, transplanters, growers, processors, and equipment manufacturers. It facilitated
brainstorming around some of the industry’s key issues to help bring about a joint approach towards solutions
in the pre-competitive area. Session topics included: Setting the stage; Managing the spread of diseases, pests
and weeds; Harnessing technologies for field and factory; The quest for fruit quality; and Presentations on new
technologies. The day concluded with a panel on “The Job Landscape in the Processing Tomato Value Chain".

2018 Seed Central Forum Presenters and Topics
• Katherine "Katie" Murphy, UC Davis, PhD Student
• Rita Mumm, Director, African Plant Breeding Academy; Association of Professional Quantitative Genetics
and Plant Breeding, Emerita, University of Illinois at Urbana-Champaign; Member of the Board of Trustees of
CIMMYT; Principal of GeneMax Services
• Gail Taylor, Department Chair and Professor, Department of Plant Sciences, UC Davis
• Howard-Yana Shapiro, Chief Agricultural Officer, Mars, Inc.; Senior Fellow, Plant
Sciences, College of Agricultural and Environmental Sciences, UC Davis; Distinguished
Fellow, World Agroforestry Centre, Nairobi, Kenya; Science Advisor, MIT Media Lab

Seed Central Receives Innovative Community Partner Award
Congratulations to Seed Central co-founders Francois Korn and Kent Bradford as Seed
Central received the UC Davis Chancellor’s 2018 Innovative Community Partner of the Year
Award. This award is given to recognize and acknowledge significant contributions
to driving regional economic impact through innovation, entrepreneurship or support
for growing the startup ecosystem in collaboration with the university.
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Collaborative Research (CoRe) Laboratory
Development work continued for the Collaborative Research (CoRe) Laboratory, a research facility on campus that
would provide laboratory and administrative space for companies, house sponsored research projects, provide
access to shared infrastructure, equipment and service programs, and contain space for start-up ventures. The
Seed Central team has previously worked with campus’ Design and Construction Management unit to develop
plans for such a building that could be located adjacent to the Plant Reproductive Biology building where the SBC
is housed. The concept has been approved pending development of a business plan for extramural funding for
construction of the CoRe Laboratory building. It is envisioned that companies/tenants would outfit the individual
spaces to their own specifications. If the CoRe Lab could be of value to you, contact the SBC or Seed Central.

Seed Central Student Programs
In addition to connecting campus and industry scientists, Seed Central
focuses on connecting UC Davis students with mentors and employers by
offering a range of activities enabling students to be engaged frequently
and regularly with the seed, agbiotech and food industries. Students
can attend monthly networking events in Davis and Salinas, professional
development workshops, and field trips to companies in the region. In
collaboration with the Plant Breeding Center, Seed Central hosted two
fields trips in 2018: Nunhems USA Inc. and Sakata Seed America.
Seed Central also offers students a pairing and mentorship program connecting them with industry professionals
and offering opportunities to shadow industry researchers for a day, dinners with research executives and
HR managers, and assistance in finding internships (including internationally) and permanent employment. In
2018, Seed Central hosted a Special Seed Central Networking event for 75 students from UC Davis, Woodland
Community College, California State University Fresno, Hartnell College and Cal Poly Pomona, who learned about
11 companies over a two-hour period.

Discover Series
The Discover Series (DS) introduces UC Davis research and scientists to seed, ag biotech and food companies.
Now in its second year, the DS allows the integration of basic and applied research that will not fit into established
SC events. As a part of the DS, member companies are invited to UC Davis once a year to meet faculty. In addition,
a few times a year members are invited to hear short presentations by scientists who pursue basic research that
has potential to translate into applied research. Eight UC Davis researchers delivered DS research presentations
to members in 2018.

Corporate Affiliates Partnership Program
Our Corporate Affiliates Partnership Program (CAPP), called the Plant & Seed Sciences Partnership Program
(PSSPP), is coordinated by the SBC within the College of Agricultural and Environmental Sciences at UC Davis.
CAPP is an established university model to facilitate research agreements and interactions between stakeholders,
SC members, and the university, and has remained vibrant since its inception in 2012, facilitating over $3 million in
collaborative research funding. The CAPP program continues to add collaborative research programs annually.

World Food Center
In October 2017, Kent Bradford was appointed Interim Director of the UC Davis World Food Center (WFC) in
addition to his role as director of the SBC. During 2018, he worked with Program Manager Kaylee D’Amico and
a faculty committee to reinvigorate this center after its transfer to the College of Agricultural and Environmental
Sciences. The WFC organized two Food for Thought Showcases that enabled 30 centers and institutes at UC
Davis to introduce themselves to the community and interact with the 500+ combined participants at the two
events. The WFC also co-sponsored a number of events with other groups, including the Processing Tomato
Conference with Seed Central in December, and is co-sponsoring two workshops in May 2019 on the theme of
Aligning the Food System for nutrition and sustainability (see worldfoodcenter.ucdavis.edu/programs/events). In
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addition, the WFC serves as a portal for access by the public and industry to
the vast food-related resources at UC Davis. In January 2019, Ermias Kebreab
assumed the role of Associate Dean of Global Engagement and Director
of the World Food Center. A distinguished scholar and skilled administrator
with extensive experience, Dr. Kebreab has conducted extensive research in
developing strategies for using feed additives to reduce methane emissions
from livestock. Kent will continue as the Associate Director until his retirement
in June 2019.

Collaboration for Plant Pathogen Strain
Identification (CPPSI)
COLLABORATION FOR

Plant Pathogen Strain Identification

The CPPSI mission is to build a science-based system for standardizing the identification
of plant pathogen strains and races using sets of plant host differentials, reference plant
pathogen strains and instructional white papers. These hosts, pathogen strains and white
papers are collectively referred to as reference materials.

During the February International Seed Federation (ISF) meetings, CPPSI representatives met with members of
the ISF Disease Resistance Terminology (DRT) and the Melon Powdery mildew working groups. The overarching
goals of this meeting were to develop reference materials that could lend themselves to routine disease
resistance testing, and to support claims of resistance and variety registration in Europe. Discussions were
focused on harmonizing pathogen abbreviations, updating differential hosts to current varieties, standardizing
protocol interpretation and evaluating comparative test results. CPPSI members participated in the associated
comparative ring tests. Differentiating hosts and reference isolate codes were identified for Fulvia fulva and
Fusarium oxysporum f. sp. lycopersici (Fol) of tomato and F. oxysporum f. sp. lactucae (Fol) of lettuce. Economically
significant races of melon Podosphaera xanthii (Px) differentiating melon hosts and protocols were also identified
and discussed. Each differentiating host contains a major disease resistance gene in tomato, melon, lettuce or
collectively are international in scope.
CPPSI representatives met again with members of the ISF DRT and
the Melon Powdery mildew working groups during a June Harmores
3 meeting organized by Naktuinbouw to continue harmonization of
pathogen abbreviations, update differential hosts to current varieties,
standardize protocol interpretation and evaluate comparative
test results. Again, CPPSI members participated in the associated
comparative ring tests. Differentiating hosts and reference isolate
abbreviations were confirmed for the tomato Fol, tomato Meloidogyne
incognita, and the melon Fusarium oxysporum f. sp. melonis (Fom)
disease systems. Melon Px reference materials were also updated.
The ISF melon Powdery mildew initiative was also discussed at the melon Powdery mildew session during the
2018 November Cucurbitaceae meetings. Melon breeders and research scientists supported the initiative as seed
companies are making claims of resistance against the melon Powdery mildews. The ISF melon Powdery mildew
initiative was viewed as an effective tool to support claims of resistance and help identify the numerous races.
The disease systems covered in these meetings are also in various stages of development and distribution as
CPPSI reference materials and participation in the above initiatives ensures their consistent development as global
standards. The reference materials for melon Fom are already distributed via www.cppsi.org. In collaboration
with International Bremia Evaluation Board and the Richard Michelmore lab, the lettuce Fol reference materials
were posted this year on www.cppsi.org. The posting of the watermelon Fusarium oxysporum f. sp. niveum (Fon),
pepper TSWV and tomato TSWV reference materials are expected to follow by the end of 2019. CPPSI round three
reference materials for tomato Fol and M. incognita are included in Harmores 3 initiative and are expected to
be posted in 2019. Posting of the Melon Px reference materials is expected in early 2020. The round four CPPSI
reference materials for development were approved this year and include pepper PVY, PepMV, Tobamoviruses
and tomato Verticillium dahliae (Vd). CPPSI members are collecting sources of resistance, reference strains and
races and reviewing literature. These round four materials are also part of the ISF DRT WG discussions and ring
tests to harmonize pathogen abbreviations, update differential hosts to current varieties, standardize protocol
interpretation and evaluate comparative test results.
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CPPSI is a subcommittee to the APS Collections and Germplasm committee. Participation in this committee has
been valuable for reporting on CPPSI activities and progress to many in academia, soliciting their feedback and
recruiting topical experts for white paper development. Measured metrics in Google analytics continue to show
equal levels of activity by industry and academia on the CPPSI website and in requests for sets of differential
hosts.
An article about the aims and function of CPPSI was the feature article in the February issue of
Seed World. This issue was distributed at the January ASTA meetings that further disseminated
information about CPPSI to potential users and new members. CPPSI progress reports are
presented during the ASTA meetings to the Emerging Issues committee and at the CA Seed
Association meetings.
Monthly CPPSI conference calls have been important in keeping the differential host set
development momentum moving forward and committee members connected. The minutes
allow for coordination and tracking of actions associated with host set and white paper
development. CPPSI members who attend ASTA and APS arrange to meet in person.
The CPPSI director and members of the CPPSI WG meet with the CPPSI Advisory Council twice a year to review
progress and set direction for the coming year. The CPPSI Advisory Council is comprised of representatives from
founding CPPSI members. CPPSI appreciates the continued support from our founding members: Bayer Vegetable
Seeds, Enza Zaden, HM.Clause, Nunhems, BASF, Rijk Zwaan, Sakata, Syngenta. In addition, CPPSI is grateful for
funding support from the California Department of Food and Agriculture Specialty Crop Block Grant Program.

The Kent J. Bradford Endowment
The Kent J. Bradford Endowed Chair in Seed Science will provide support
for a faculty member at UC Davis who would be focused on seed biology and
technology and potentially serve as the director of the Seed Biotechnology
Center. The endowment will ensure that the seed industry’s needs for
academic research, education and public service can continue to be met in
perpetuity. For more information or to contribute to our goal, contact Oliver
Ramsey at owramsey@ucdavis.edu.
Special efforts will be underway in 2019 to meet the endowment goal to
coincide with the SBC’s 20th anniversary celebration in September.

SBC Presentations
Each year the SBC staff makes numerous presentations for diverse groups to discuss various topics related
to seeds, biotechnology and agricultural research.
Following are some examples from 2018:

Presentations and Posters: Allen Van Deynze

• Van Deynze, A. Seed Biotechnology Center Update. Vegetable Committee, California Seed Association, Turtle
Bay, HI, March 12, 2018
• Van Deynze, A. Potential Collaborations in Breeding. Nunhems Inc., West Sacramento, CA, June 13, 2018
• Van Deynze, A. USDA Regulations. UC Davis Plant Sciences, Davis, CA, April 26, 2018
• Van Deynze, A. Plant Breeding is Essential for Food Security. Feed the Future conference, Cologne, Germany,
Sept. 12, 2018
• Van Deynze, A. A Systems Approach to Deciphering Peronospora. Monterey, CA, Sept. 25, 2018
• Van Deynze, A. High Quality Genomes Bring Breeding Solutions. Solanaceae Genomics Conference, Chiang
Mai, Thailand, Oct. 1-5, 2018
• Van Deynze A. Well-annotated Genomes are Essential for Plant Breeding. Rural Development Administration,
Jejong, Korea, Oct. 15, 2018
• Van Deynze, A. Leveraging Wild Germplasm and Landraces for Pepper Improvement. International Pepper
Conference, Tampa, FL, Nov. 4, 2018
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• Van Deynze, A. Applications of Genomics to Crops. Korean RDA, Davis, CA, Dec. 12, 2018
• Van Deynze, A. African Orphan Crops, Plant Breeding Center Retreat, Monterey, CA, Dec. 17, 2018

Presentations: Kent Bradford

• Bradford, K.J. Understanding Biological Variation. Seminar, Plant Sciences, UC Davis, Feb. 7, 2018
• Bradford, K.J. Invited participant and panelist, The Future of Food, Nobel Prize Dialogues, Yokohama, Japan,
March 10, 2018
• Bradford, K.J. Panelest, CRISPER Goes to Washington: A Regulatory Odyssey, Plant Genomics Conference, UC
Berkeley, May 4, 2018
• Bradford, K.J. Understanding Biological Variation. Invited seminar, Plant Sciences, Rijk Zwaan, De Lier, The
Netherlands, May 16, 2018
• Bradford, K.J. Understanding Biological Variation. Invited seminar, Wageningen Seed Centre, Wageningen
University, The Netherlands, May 17, 2018
• Bradford, K.J. Understanding Biological Variation. Seminar, Plant Pathology, UC Davis, Oct. 1, 2018
• Bradford, K.J., Dark inhibition of lettuce seed germination is controlled by LsGA2ox2. 6th Plant Dormancy
Symposium, Kyoto, Japan, Oct. 23-26, 2018
• Bradford, K.J. Implementing the Dry Chain to Maintain Seed and Food Quality. International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT). Hyderabad, India, Oct. 29, 2018
• Bradford, K.J. Implementing the Dry Chain to Maintain Seed and Food Quality. National Institute of Rural
Development (NIRD). Hyderabad, India, Oct. 29, 2018
• Bradford, K.J. Implementing the Dry Chain to Maintain Seed and Food Quality, Seed Quality Overview, Seed
Drying and Conditioning Overview, Seed Processing and Enhancement, Principles of Seed Longevity and
Storage, presented in Workshop on Post Harvest Technologies for Better Seed Quality, sponsored by IndoGerman Cooperation on Seed Development, Hyderabad, India, Oct. 30-31, 2018

SBC Advisory Council
•
•
•
•
•
•
•
•
•
•

Phil Ashcraft, Stason Farms
Charlie Brummer, UC Davis Plant Breeding Center
Rich Collins, The Collins Farm
Jovan Djordjevic, BASF
Rick Falconer (Chairperson), Rijk Zwaan
Dan Gardner, S&W Seed Co.
Gilles Gay/Cecilia Chi-Ham, HM.Clause
George Gough, Bayer Crop Science
Gary Hudson, Hudson & Associates, Inc.
Matthew Johnston, Syngenta

Find the SBC on Facebook

SBC’s latest news, announcements, courses and
events
Facebook.com/UCDavisSBC/

Francois Korn, SeedQuest
John Palmer, California Crop Improvement Assn.
John Purcell, Bayer Crop Science
Howard-Yana Shapiro, Mars Incorporated
Gail Taylor, UC Davis Department of Plant Sciences
Mary Wadsworth, J.G. Boswell Company
Bill White, White Seed Company (Seed Advisory
Board)
• Chris Zanobini, California Seed Association
• Jeff Zischke, Sakata Seed America
•
•
•
•
•
•
•

SBC in the News

Media and news highlights featuring
SBC
SBC.ucdavis.edu/News/SBC_in_the_
News/
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Update from the UC Davis Plant Breeding Center
The year 2018 marks the fourth year for the Plant Breeding Center (PBC) at UC
Davis with Charlie Brummer, Allen Van Deynze and Amanda Saichaie as staff.
We continue to focus on our mission to coordinate and expand plant breeding
teaching and research on campus across seed and clonally propagated crops.
A priority is to ensure our students have practical field-based experience to complement a rigorous curriculum
at both undergraduate and graduate levels. This is the foundation of the Student Collaborative Organic Plant
Breeding Education (SCOPE) project. This program, established in 2015, expanded its testing in 2018 to on-farm
trials in each of its crops: pepper, tomato, bean and lima bean. This interaction provided additional locations
to test our best selections, and opportunity for students to gain direct feedback from growers and consumers.
For example, surveys and feedback for the new pepper lines were acquired through the UC Davis Community
Supported Agriculture (CSA) program and local grocers. An open field day was also lead by students on campus
to highlight the breeding programs. An organic small grains breeding program led by Allison Krill-Brown has been
added.
Each week, SCOPE students and faculty meet for project meetings, seminars with invited speakers or field trips
to local farms and seed companies. In preparation for future cultivar releases, the PBC organized a program
on intellectual property led by UC Davis Innovation Access. Graduate student leads gained skills in managing
breeding projects, developing seminars, and mentoring undergraduate interns.
In May, the PBC hosted a strategic planning meeting to determine the vision for the next five years of plant
breeding on campus. Faculty, students, and staff came together to prioritize goals for education, programming, and
future faculty hires. With this input, the PBC will refine its strategic plan and goals.
The PBC welcomes new Department of Plant Sciences faculty member Christine Diepenbrock, who will focus
on breeding for nutrition. With a PhD in plant breeding from Cornell University, and industry and international
experience, Christine brings expertise in biochemistry and developing models for integration of phenotypic and
genomic tools to maximize genetic gain. The PBC continues to work closely with the department to develop their
plan for new faculty hires. The department is in the process of making several new hires to support the plant
breeding and seed industries.
In December 2018, the PBC hosted 80 attendees from the UC system, USDA-ARS employees, and several
other institutions of higher education at our annual retreat held in Monterey, CA. Students, postdocs, extension
specialists and faculty highlighted and discussed public breeding research and variety development across
California crops.
In 2019, the PBC will continue to work and integrate faculty across breeding programs and supporting departments
such as Agricultural Engineering to implement and train students in high throughput phenotyping.

RESEARCH
Allen Van Deynze receives Lifetime Achievement Award
In November, the organizing committee of the 24th International Pepper
Conference awarded Allen Van Deynze the Lifetime Achievement Award.
The purpose of this award is to recognize individuals who have contributed
to the advancement of Capsicum research, extension, technology and
knowledge in the areas of breeding and genetics, horticultural management
and production (including production methods, cultural systems and
sustainable approaches), integrated pest management, and post-harvest
issues. Congratulations Allen!
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Genetics, Genomics and Breeding
CARROT
Tapping genetic diversity for carrot improvement
The SBC is working with Phil Simon (USDA/ARS, Madison, WI) on a multi-year grant to discover and characterize
carrot quality; resistance to Alternaria, Pythium and nematodes; tolerance to drought; and resistance to bolting. All
accessions in the USDA germplasm collection are being screened. In 2018, Theresa Hill and Allen Van Deynze
collected data for bolting in southern California and Wisconsin to complement 2017 data. Preliminary results
indicate that early bolting is consistent across years and locations. As part of this project, mapping populations
and a large diversity set of 800 lines have been sequenced to decipher the genetic basis of the traits and
simultaneously breed favorable alleles into adapted germplasm. This project also supports the UC Davis Student
Farm and UC ANR Desert Research Center (El Centro, CA) to introduce/recruit K-12 students using carrot genetic
diversity as a model. Over 300 children have had experiential learning with carrots in breeding diversity modules.
Collaborating institutions include USDA/ARS, University of Wisconsin, UC Riverside, University of Washington and
Cornell University. This program is funded by USDA Specialty Crops Research Initiative.

COTTON
Improvement of transformation efficiency in cotton
The advent of gene editing technologies such as CRISPR/Cas9 can dramatically increase our ability to tailor
phenotypes and determine gene functions for crop improvement. This requires an efficient regeneration system
that is currently limiting progress in cotton. In an effort to enable functional genomics and gene editing in cotton,
the SBC is collaborating with Anne Britt (UC Davis) and David Stelly (Texas A&M University) to develop a novel
transformation system in cotton. We are also optimizing pollen-transformation using carbon nanotubes with Markita
Landry (UC Berkeley).
With this transformable line available, the SBC is developing gene-edited lines that can induce haploid plants
in cotton based on a system developed by the late Simon Chan (UC Davis) These pure-breeding lines could
dramatically increase the efficiency of cotton breeding and genetic studies. PhD student Sirisupa (Trent)
Sripolcharoen is conducting this research and the project is being supported by Cotton Incorporated.

MELON
Rapid phenotyping for quality
Allen Van Deynze, Kent Bradford and Dario Cantu (all UC Davis) are collaborating with HM.Clause to develop
high-throughput methods for phenotyping melon quality. Postdoctoral researcher Macarena Farcuh has compared
the results from sensory analyses for texture on field-grown melons with those from various instruments that can
be efficiently deployed in the field for rapid phenotyping of breeding populations. This includes training of sensory
panels to accurately identify subtle differences in melon quality at different maturity stages. Results from two years
show a strong correlation between sensory analysis and texture measured with the Texture Analyzer. This research
is funded by HM.Clause.

PEPPER
Defining the basis of fruit shape
The SBC has been working for the last five years on determining the genetic basis of pepper fruit size and shape.
Analyses also determined the genetics of fruit shape, pericarp thickness, leaf shape, anthocyanin and pubescence
in fruit. QTL regions were examined for candidate genes using the genomic sequence and potential genes were
identified. This work was conducted by Jareerat Chunthawodtiporn, who described the research in two papers
in Plant Genome and Hortscience, as well as papers with Theresa Hill on novel methods to measure odd shapes
using linear components (see Li et al., 2018). This work was supported by Enza Zaden B.V., Rijk Zwaan B.V. and the
UC Davis Plant Sciences Department, as well as a fellowship to Jareerat Chunthawodtiporn from the Government
of Thailand.
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Understanding the basis of color in pepper
The SBC partnered with Ilan Paran (Volcani Institute, Israel) to identify the
determinants of dark green fruit color in pepper. Initial research by Paran showed
that at least two chromosomal regions control this trait. After publishing that the
gene CaGLK was responsible for the locus on chromosome 10, the team received
funding to define the genes on chromosome 1. Field trials, metabolic profiles, Bulked
Segregant Sequencing analyses and expression analyses showed that a novel
chloroplast gene, LOL1 was the top candidate gene on Chromosome 1 controlling fruit
color at the green stage. This was published in Planta journal. A Binational Agricultural
and Research and Development (BARD) grant was obtained to define candidate
genes on chromosome 1 and their interactions with CaGLK2 found by Paran’s group.

Breeding for beet curly top virus resistance
The SBC continues to work with Robert Gilbertson (Department of Plant Pathology, UC Davis) and Jose LunaRuiz (Universidad Autonoma de Aguascalientes, Mexico) to screen a population of wild peppers (C. annuum var
glabriusculum) for resistance to beet curly top virus and other viruses. To date, several resistant sources have
been identified using an Agrobacterium inoculation assay. Resistance has been verified using leafhopper (the
virus vector) assays. The resistance(s) has been transferred to jalapeno-type peppers for release. Inheritance
studies indicate a two-gene system. Genetic markers have been developed for this important trait. This project is
funded by a National Science Foundation fellowship to PhD candidate Randi Jimenez and the Department of Plant
Sciences, UC Davis.

International collaboration on resistance to nematodes
The SBC is working with Jose Luna-Ruiz (Universidad Autonoma de Aguascalientes, Mexico) to study the
inheritance and develop genetic markers for resistance to nematodes in pepper. Field and greenhouse
phenotyping has been carried out by a master’s student in Mexico who has been trained in sequence-based
genotyping and analyses at the SBC. The project is funded by UC Mexus.

Designing a pepper for mechanical harvesting
Mechanical harvesting of pepper is a goal for the industry due to increasing costs
and reduced availability of labor. As in tomato, both harvesters and breeding varieties
amenable to mechanical harvesting are required. Although this has been achieved
largely in ripe paprika types, it is still a challenge to harvest by machine for green
jalapeno, other chiles, and blocky types for salsa and pickling. Several traits are
essential to be able to destem the fruit from the pedicel or peduncle, to ensure uniform
ripening and to adapt plant architecture to mechanical harvesting. The SBC identified
a unique accession from wild accessions in Mexico that destems well and has good
pericarp thickness. The trait has been verified in field trials in New Mexico using an
Etgar, Inc. harvester. The results show that the force to destem is directly correlated with
amenability to mechanical harvesting. Theresa Hill worked on this program with partial
support from HM.Clause. A USDA/ NIFA grant has been acquired beginning in 2019 to
breed jalapenos for mechanical harvesting.

SPINACH
Breeding spinach for resistance to downy mildew and quality
Allen Van Deynze is co-leading a breeding program with Charlie Brummer (Director, UC Davis Plant Breeding
Center) in spinach, focusing on developing broad genetic resistance to downy mildew in baby spinach. Juliana
Osorio-Marin is the plant breeder implementing the program in collaboration with Steve Klostermann (USDA/ARS)
from Salinas. The program has developed and screened 70 populations in the field in Salinas for resistance and
is producing seed increases of breeding populations. It is also developing a rapid assay for screening in growth
chambers. Bi-parental and multi-parental populations have been developed for testing. Samantha Hilborn (Masters
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student) and Mychele Batista Da Silva (Postdoctoral Scientist) support the program.
This program is funded the California Leafy Greens Board with in-kind support by
USDA/ARS and a Specialty Crops Research Initiative grant to extend breeding for
organic systems.

Breeding Spinach for nitrogen use efficiency (NUE)
The SBC is working on with Vijay Joshi (Texas A&M) to develop baby spinach varieties
with nitrogen use efficiency. Currently, growers use 100-200 kg/ha of nitrogen to grow
baby spinach to meet grower and consumer demands for rapid growth and a dark
green product in this 3-4 week crop. UC Davis has shown that watersheds in spinach
growing areas such as the Monterey and Salinas valleys have high nitrates above safe
drinking water limits. This is likely due to large amounts of fertilizer used over the last
50 years. Furthermore, it has been shown that most crops only use 50% of nitrogen applied. Allen Van Deynze
is working with Charlie Brummer, Juliana Osorio-Marin and Oon-ha Shin (PhD student) to screen 350 lines of
spinach in the field for NUE and at the molecular level to establish breeding germplasm to incorporate this trait
into spinach. This grant is funded through the USDA Specialty Crops Research Initiative.

A maize landrace that can fix its own nitrogen
Nitrogen is the most important nutrient for plant growth. Modern agriculture uses synthetic nitrogen to enhance
crop growth and attain the high yields needed to feed the population on diminishing arable lands. The exception
is for legumes such as soybean, alfalfa, etc. This family (Fabaceae) of plants has a symbiotic relationship with
diazotropic bacteria that can convert nitrogen gas from the air to ammonia, a useable form of nitrogen for plants in
exchange for sugars. Allen Van Deynze, Bart Weimer, Jonathan Eisen, Alan Bennett (all UC Davis) and HowardYana Shapiro (UC Davis Fellow and Mars, Incorporated) as well as collaborators Jean-Michel Ane (University of
Wisconsin) and Javier Lopez (Instituto Tecnológico del Valle de Oaxaca) worked with the Sierra Mixe Community
in Mexico to identify, describe and verify a landrace of maize (corn) that fixes 30-80% of its nitrogen in association
with bacteria. Part of this work was described in a Master’s thesis
by Cris Heitmann at UC Davis. They describe, for the first time, the
landrace, a novel mechanism for nitrogen fixation and the species
of bacteria that are attracted to a thick mucilage secreted by the
maize on its aerial roots. This breakthrough discovery lays the
foundation to dramatically change the nitrogen balance and costs
required to grow this crop both in the developed and developing
world, where nitrogen fertilizers are not affordable to smallholder
farmers. A widely publicized paper was published in PLOS Biology
in August 2018. This research was carried out under the first Access
and Benefit sharing agreement under the Nagoya Protocol in
Mexico and with the US. It was funded by Mars, Incorporated.

Seed Physiology and Technology
Molecular mechanisms active in lettuce seed germination
Researcher Theresa Hill in the Kent Bradford Lab is analyzing gene expression data to understand the
mechanisms controlling lettuce seed germination. Based on anatomical and transcriptome analysis work
conducted by former PhD student Fei-Yian Yoong and postdoc Shisong Ma, Dr. Hill has identified genes whose
expression is upregulated during normal germination but inhibited in seeds imbibed at warm temperatures that
prevent germination. The work is focusing on genes encoding enzymes involved in disassembling cell walls in
the endosperm tissue that encloses the embryo. In particular, mannanases are involved in both weakening the
endosperm to permit germination and in mobilizing galactomannan reserves for use by the embryo and seedling.
Hill has analyzed the expression of specific mannanase gene family members involved in each process and the
tissue localization of their expression. Her results confirm that specific mannanase family members are expressed
very early after imbibition and are repressed by warm temperatures. The work could eventually result in specific
modification of genes to prevent thermoinhibition of germination. This work is supported by a USDA Specialty
Crops Research Initiative grant to Richard Michelmore on which Kent Bradford is a co-principal investigator.

ANNUAL REPORT 2018

21

CRISPR utilized to enable high temperature germination in lettuce
Prior work in the Bradford Lab demonstrated that a single gene, LsNCED4,
primarily controlled the thermoinhibition of lettuce seed germination following
imbibition at warm temperatures. This gene is involved in the biosynthesis
of the germination inhibitor abscisic acid (ABA), and its induction specifically
in the seed by warm temperatures enables ABA production and blocks
germination. We also showed that induced mutations in this gene could enable
germination of lettuce seeds at high temperatures. Work in the laboratory of
Richard Michelmore at UC Davis has now shown that the specific mutation
of this gene using gene-editing methods (e.g., CRISPR) results in the high
temperature germination trait (see Bertier et al. in Publications). This should
enable efficient movement of this trait into existing lettuce cultivars without
extensive backcrossing. In addition, knocking out LsNCED4 along with a second
(or multiple) target gene(s) should enable rapid screening of edited seed
populations by germinating them at warm temperatures. Seeds in which the
CRISPR mechanism has been active would be able to germinate, enriching the
seedling population for other target gene edits as well.

Seed respiratory patterns during germination
SBC researcher Pedro Bello in the Bradford Lab has been testing the capabilities of an instrument (formerly called
the Q2, now known as VIM) that can measure the respiratory (oxygen consumption) patterns of individual seeds
during germination. Seeds begin to respire almost immediately after imbibition of water and their subsequent
respiratory patterns are closely associated with seed vigor and responses of germination to environmental
and hormonal signals. Field studies conducted in collaboration with AgInnovation USA have confirmed that
characteristics of maize seed lots detectable from their respiratory patterns are correlated with their relative
emergence performance and yield. With a second year of field data, and collaborative VIM assays conducted
by the Indiana Crop Improvement Association, further analyses are being conducted to identify the best
respiratory parameters to use for characterizing seed vigor. Automated VIM analyses could potentially replace or
supplement the labor-intensive cold tests widely used in the maize seed industry. These studies are supported by
AgInnovation USA.

Indicators of seed heterogeneity
New transplanting methods (e.g., Plant Tape) and higher seed performance standards are placing increasing
emphasis on uniform germination and seedling emergence. Pedro Bello in the Bradford Lab is testing whether
germination uniformity can be detected using non-destructive spectral analysis methods. For example, the CF
Mobile® instrument can measure chlorophyll content of individual seeds, an indicator of seed maturity. The
Videometer® can collect and analyze images of individual seeds in multiple wavelengths to detect specific
micro-organisms present or physical variation
or defects. In collaboration with several seed
companies, seed samples are imaged by these
methods and subsequently their germination
characteristics are assessed individually using
the VIM instrument (see above). This allows
the performance of individual seeds to be
correlated to their spectroscopically detectable
characteristics. Seed lots sorted by size or
density, or having physiological defects such
as seedling blindness, are being analyzed
in this way to determine whether it would be
possible to identify such variants and therefore
upgrade seed lots for increased uniformity and
performance. This research is supported by the
Western Regional Seed Physiology Research
Group.
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Applications of seed-based modeling concepts throughout biology
The Bradford Lab has been developing and utilizing population-based threshold (PBT) modeling approaches to
describe seed germination characteristics since 1990. The approach has been shown to be applicable to a wide
range of factors that influence seed germination, including temperature, water potential, hormones, priming,
oxygen and aging. The basis of this model is that individual seeds vary in their sensitivities to various factors,
and understanding the distribution of these thresholds is the key to describing the germination behavior of seed
populations. This approach is used increasingly
to characterize and quantify seed behavior from
physiology to ecology and evolution. Now, Bradford
has begun to extend this model to describe other
aspects of biology at the molecular and cellular levels
across microbes, plants and animals. This is timely,
as new methods such as single-cell transcriptome
sequencing now enable detailed analysis of
individual cells. The PBT model is applicable to these
systems and Bradford published examples of this
approach in 2018 (see Publications).

Seed and Commodity Storage
The Dry Chain: Seed drying and storage strategies for humid regions
Seeds lose viability rapidly in high humidity and warm temperatures, which prevail throughout the humid tropics.
A novel method for seed drying using desiccant Drying Beads® enables drying of seeds to safe storage moisture
contents even in rainy climates (www.dryingbeads.org). When combined with hermetic storage containers, the
seeds also are protected from damage due to molds, insects and rodents. Kent Bradford has participated in a
project with Johan Van Asbrouck of Rhino Research in Thailand, the inventor of this technology, funded by the
U.S. Agency for International Development (USAID) through the Horticulture Innovation Lab based at UC Davis. We
call this combination of drying upon harvest and subsequent waterproof packaging the “Dry Chain”, in analogy to
the “Cold Chain” of continuous refrigerated storage used to preserve fresh produce (see Bradford et al., 2018 in
Publications; www.drychain.org). Colleagues at UC Davis (Irwin Donis-Gonzalez, Kurt Kornbluth, Ting Guo, Davide
Donadio, and Edward Spang) are working to extend this approach to the drying and storage of many California
commodities through projects sponsored by USDA-Foundation for Food and Agricultural Research and the UC
Davis Innovation Institute for Food and Health.
In April 2018, Bradford organized a Dry Chain Workshop in cooperation with the UC Davis World Food Center that
brought together experts on postharvest drying and storage. An outcome of that workshop was the development
of a $7M proposal to the USDA National Institute for Food and Agriculture to support further fundamental physical,
engineering and application research on desiccant-based drying systems. The project involved researchers from
Colorado State University, Michigan State University and Purdue University as well as UC Davis. Awards from that
program will be announced in May 2019.
The Bradford Lab is cooperating with various groups to extend these technologies to multiple countries. For
example, Pedro Bello presented a training at CIMMYT in Mexico for their germplasm preservation unit, which is
responsible for maintaining the world’s most extensive collection of maize. The leader of that program, Denise
Costich, is fully adopting the Dry Chain methodology and
is collaborating with programs in Guatemala to extend it
to community-based seed preservation programs. The
USAID Horticulture Innovation Laboratory at UC Davis is
also continuing to extend low-cost drying technologies,
including the DryCard®, a simple method to assess the
equilibrium relative humidity of a dry commodity, indicating
whether it is safe for storage to prevent fungal growth and
mycotoxin production. In 2018, Dry Chain America (www.
drychainamerica.com) was established to provide materials
and services associated with implementing improved drying
and storage methods throughout the food system.
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PEOPLE AND PUBLICATIONS
Beloved SBC graduate student Cristobal Heitmann in fatal accident
Cristobal Andres Heitmann, a graduate student in the Department of Plant Sciences at UC Davis working with the
SBC’s Allen Van Deynze, had just completed his master’s degree when he was killed in a tragic bicycle accident
on the evening of April 17, 2018. A well-attended memorial reception and celebration of life were held for Cris on
April 22 in Davis.
Cris had just begun a high-level position as a production nursery
manager for Driscoll’s, in Redding, California. Heitmann, 32, originally
from Chile, came to UC Davis in 2014 to work with Van Deynze and
Alan Bennett on an international maize project. Van Deynze said,
“Cris had excellent skills as an agronomist with exceptional attention
to detail and understanding of plant sciences.” While at UC Davis, Cris
was on the board of directors of the Chilean Students’ Association. He
was also passionate about triathlons. He qualified for the top Ironman
competition in Kona, Hawaii, being held in 2019, and was listed as
one of the top three athletes to watch. Cris touched many people in
his life and particularly at UC Davis. He will be profoundly missed by
colleagues, friends and family.
A scholarship fund in Cris’ name has been established to benefit
Masters students at UC Davis. Please visit http://sbc.ucdavis.edu/crisheitmann-scholarhship/ to contribute to the Cris Heitmann scholarship
fund.

Sally Mohr retires from the SBC
The SBC congratulates Sally Mohr on her retirement in 2018. Sally joined the center in
2012 and immediately became a critical member of the team. She knew the university
systems and taught us all new tricks. She is a hard worker and dedicated to high
quality and professional work. She was always available to help anyone that needed
an extra hand. She also independently managed close to thirty different classes or
events. One of her final projects was to serve as the program lead on the African
Plant Breeding Academy. The students adored Sally. When Rita Mumm, director of
the program, announced her retirement, we received close to 25 individual replies
of well wishes to her with an invitation or two for her to visit and teach yoga in their
country. We are grateful for all that Sally did for the SBC. Although we miss her and her
contagious laugh, we truly wish her all of the best in her retirement.

The SBC research team
Allen Van Deynze, Armando Garcia-Llano, Dominique Ardura, Juliana Osorio-Marin, Kent Bradford, Mohan Niroula,
Macarena Farcuh, Mychele Batista Da Silva, Pedro Bello, Rachel Frank Greenhut, Randi Jimenez, Samantha
Hilborn, Shiyu Chen, Sirisupa (Trent) Sripolcharoen and Theresa Hill.
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Scientific Publications by SBC Researchers
• Bertier, L., Ron, M., Huo, H., Bradford, K.J., Britt, A.B., Michelmore, R.W. 2018. High-resolution analysis of the
efficiency, heritability, and editing outcomes of CRISPR/Cas9-induced modifications of NCED4 in lettuce
(Lactuca sativa). G3: Genes Genomes Genetics 8: 1513-1521 Doi: 10.1534/g3.117.300396
• Bradford, K.J. 2018. Interpreting biological variation: Seeds, populations and sensitivity thresholds. Seed
Scientific Research 28:158-167 Doi: 10.1017/S0960258518000156
• Bradford, K.J., Chrispeels, M.J. 2018. Plant propagation by seeds and vegetative processes. In Plants, Genes
and Agriculture: Sustainability through Biotechnology, M.J. Chrispeels, P. Gepts, Eds., Sinauer Associates,
Oxford University Press, Sunderland, MA, pp. 268-292
• Bradford, K.J., Dahal, P., Van Asbrouck, J., Kunusoth, K., Bello, P., Thompson, J., Wu, F. 2018. The dry chain:
reducing postharvest losses and improving food safety in humid climates. Trends in Food Science &
Technology 71: 84-93 Doi.org/10.1016/j.tifs.2017.11.002
• Chang, Y., Liu, H., Liu, M., Liao, X., Van Deynze, A., et al. 2018. The draft genomes of five agriculturally
important African orphan crops. GigaScience 8(3) https://doi.org/10.1093/gigascience/giy152
• Chunthawodtiporn, J., Hill, T., Stoffel, K., Van Deynze, A. 2018. Quantitative trait loci controlling fruit size and
other horticultural traits in bell pepper (Capsicum annuum). The Plant Genome 11(1) http://dx.doi.org/10.3835/
plantgenome2016.12.0125
• Gonda, I., Ashrafi, H., Lyon, D.A., Strickler, S.R., Hulse-Kemp, A.M., Van Deynze, A., et al. 2018. Sequencingbased bin map construction of a tomato mapping population, facilitating high-resolution quantitative trait loci
detection The Plant Genome 12:180010 http://dx.doi.org/10.3835/plantgenome2018.02.0010
• Hulse-Kemp, A.M., Maheshwari, S., Stoffel, K., Hill, T.A., Jaffe, D., et al. 2018. Reference quality assembly of the
3.5-Gb genome of Capsicum annuum from a single linked-read library. Hortic Res 5:4,https://www.ncbi.nlm.nih.
gov/pubmed/29423234
• Li, M., An, H., Angelovici, R., Bagaza, C., Batushansky, A., Van Deynze, A., et al. 2018. Topological data analysis
as a morphometric method: Using persistent homology to demarcate a leaf morphospace. Frontiers in Plant
Science 9(553) https://www.frontiersin.org/article/10.3389/fpls.2018.00553
• Spalink, D., Stoffel, K., Walden, G.K., Hulse-Kemp, A.M., Hill, T.A., Van Deynze, A., et al. 2018. Comparative
transcriptomics and genomic patterns of discordance in Capsiceae (Solanaceae). Molecular Phylogenetics and
Evolution 126:293-302 http://www.sciencedirect.com/science/article/pii/S105579031730814X
• Timsina, K.P., Bradford, K.J., Dahal, P., Shivakoti, G.P., Kunusoth, K., Van Asbrouck, J., Bajracharya, J., Pandey, I.R.
2018. Potential impacts of desiccant-based drying and hermetic storage on the value chain for onion seeds in
Nepal. J. Agribusiness in Developing and Emerging Economies 8(2):363-390
• Van Deynze, A., Zamora, P., Delaux, P.-M., Heitmann, C., Jayaraman, D., Van Deynze, A., et al. 2018. Nitrogen
fixation in a landrace of maize is supported by a mucilage-associated diazotrophic microbiota. PLoS Biology
16(8):e2006352 https://doi.org/10.1371/journal.pbio.2006352
• Zohoungbogbo, H.P.F., Houdegbe, C.A., Sogbohossou, D.E.O., Tossou, M.G., Maundu, P., Van Deynze, A., et
al. 2018. Andromonoecy in Gynandropsis gynandra (L.) Briq. (Cleomaceae) and effects on fruit and seed
production. Genetic Resources and Crop Evolution 65(8):2231-2239 https://doi.org/10.1007/s10722-018-0687-5

Watercolor by Frances Tennant
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PARTNERSHIPS FOR THE FUTURE
Expanding the Success of the Seed Biotechnology Center through Seed Central
The partnership with industry brilliantly pioneered
by Kent Bradford and the Seed Biotechnology
Center in 1999 led quite naturally 10 years later
to the launch of Seed Central, a public-private
partnership between the seed and ag biotech
industry and UC Davis. Many seed and seedrelated companies already operated in the
region. The transformative step was to give
this cluster a name and a simple but powerful
element of cohesion: monthly networking events
– a tool I had learned to use and value in the
environment of Silicon Valley.
Seed Central was established in 2009 as a
California Nonprofit Mutual Benefit Corporation
with the clear focus of facilitating communication
and research collaboration between industry and
UC Davis in order to bring science to market
faster. To connect industry with campus science
and scientists we established the Plant and
Seed Sciences Partnership Program, which
enables Seed Central’s member companies to
form consortia to sponsor research at UC Davis
with a pre-negotiated template agreement and
reduced overhead. Within a few years, 12 such
consortia, of varying sizes and research interests,
had formed, sponsoring over $3 million of pre-

competitive research projects. Science moves
from campus to industry every time a sponsored
research and technology transfer agreement is
signed.
Transfer of expertise also occurs annually, when
hundreds of new UC Davis graduates migrate
to industry jobs. From the start, we wanted to
attract students to the seed industry and help
them learn about its importance and the many
high-tech employment opportunities it offers.
We also realized that accelerating the speed
of development of new technologies forced
companies to rely increasingly on new graduates
freshly trained in the latest iterations of these
technologies. Connecting with students early,
regularly and frequently has become a crucial
factor of success.
Seed Central’s student program has grown
steadily and become a pivotal component.
Undergraduate and graduate students meet
industry researchers, managers and recruiters at
our monthly networking events, during frequent
visits to companies in the region, at shadowing
days and speed networking events, at meals
with executives, and through pairing and
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mentorships. We teach the students soft skills at
our professional development workshops to help
them benefit from these many opportunities and
find internships and permanent employment in
the seed industry. We help them learn about the
wide range and broad diversity of attractive and
challenging jobs in our industry and spend time
with people in many of these jobs. Most recently,
we started helping undergraduate students work
on research projects suggested by industry
partners, thus helping to forge early connections.
Putting Seed Central on the map and energizing
the industry cluster has already had a significant
impact in the region. Many companies long
established in the region have substantially
grown through either expansion or acquisition,
with several making it their headquarters.
Other companies have moved into the area
and established a new presence. Within our
first 5 years, we recorded 10 acquisitions, 10
expansions and 10 new companies. Since then,
the pace has accelerated, including the creation
of numerous startups in a wide range of the latest
technologies. This has brought large numbers of
high-tech jobs to the region and attracted many
talented individuals. Particularly telling is the fact
that many large companies are relocating highlevel executives to their facilities in the area.
Over 40 U.S. and overseas seed and ag biotech
companies are members of Seed Central. The
cluster will continue to thrive in an environment
that fosters a culture of entrepreneurship,
galvanizes students’ inventiveness, encourages
the development of additional incubator, lab and
greenhouse spaces, and facilitates the creation
of startups, guided by a network of mentors and
investors and with the continued active support
from economic development specialists in cities
and counties.
As we celebrate its first 10 years, my hope is
that Seed Central will grow and evolve into a
strong life sciences cluster in mutually beneficial
symbiosis with UC Davis’ research and teaching
excellence in seeds, agriculture, biotech, food
and health.

FRANCOIS KORN

University of California
Plant Reproductive Biology Building
Extension Center Drive
Davis, CA 95616
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