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The SBC Goes Global 
 

B reeding and producing seeds is a global 
enterprise, with many large seed companies 
operating in more than 100 countries around the 
world. When working or traveling internationally, it 
is gratifying to confirm that UC Davis is among the 
world’s highest-ranked institutions in agriculture. 
Mentioning that you are from UC Davis brings an 
immediate recognition and credibility that may 
not be widely appreciated here, where it is just 
one among the ten campuses of the University of 
California that dominate the rankings of top public 
institutions in the U.S. In recent years, UC Davis has 
been ranked globally as #1 in Veterinary Medicine 
and #2 in Agriculture, as well as #1 for women in 
Science, Technology, Engineering and Math (STEM), 
#3 for campus sustainability practices, and #3 in the 
U.S. for “doing the most for the American Dream.”
 
While these accolades and recognition are 
welcome, what is more important is enabling 
UC Davis to leverage its research, educational 
and extension resources to promote innovative, 
sustainable, safe and equitable food systems 
both locally and around the globe. We want the 
expertise at UC Davis to be utilized to promote food 
production and distribution systems that support 
the health of people and the environment while 
addressing the challenges of population growth 
and climate change. These are among the goals 
of the UC Davis World Food Center (WFC), which 
Chancellor Katehi established in 2013 with Dr. Roger 
Beachy as its first director and Dr. Josette Lewis as 
associate director. This program operated through 
2016, followed by a period of reduced activity as 
the campus searched for and hired our current 
Chancellor, Dr. Gary May. In this process, it was 
proposed that the WFC should be housed in the 
College of Agricultural and Environmental Sciences 
(CA&ES). I was asked to chair a faculty committee 
to explore this option, which recommended that 
there would be value in continuing the mission 
of the WFC within CA&ES. In October 2017, Dean 
Helene Dillard appointed me to serve as the Interim 
Faculty Director of the “new” WFC in addition to my 
role as director of the Seed Biotechnology Center 
(SBC). The term “interim” reflects that I anticipate 
retiring from the University in June of 2019, but will 

devote myself until then toward developing a vibrant 
program that extends the impact of UC Davis locally, 
regionally, nationally and globally. 

To those who are stakeholders and partners with the 
SBC, our strategy for this will sound familiar. We will 
follow the approaches that have been successful 
for the SBC and its partner organization, Seed 
Central. These activities include communication, 
networking, partnership and collaboration both 
within the university community and with its external 
clientele, including its international partners. A 
Program Manager (Kaylee D’Amico) for the WFC 
is housed currently with the SBC staff. Francois 
Korn, founder and champion of Seed Central, is 
working part time with the WFC to develop events 
and programs to connect the campus to the food 
industry. Dan Flynn, director of the UC Davis Olive 
Center, is also working on strategic planning with 
the CA&ES Dean’s office and with the WFC on 
developing interactions with local government 
entities and industry groups. Following the model of 
Seed Central, we are working to connect, catalyze 

Kent J. Bradford, Director 
Seed Biotechnology Center
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and communicate between UC Davis and the local 
and global agricultural and food communities. The 
experience of these people and the SBC staff are 
providing a strong foundation for joint efforts to  
re-energize the WFC.  

Just as the SBC and Seed Central have provided a 
model for academic/industry interactions pursued 
by the WFC, the seed industry also stands to benefit 
from an active and successful WFC. Seeds are the 
foundation of agriculture and food, so enhancing 
the entire range of food-related activities at UC 
Davis, developing synergistic research activities and 
educating future employees will advance the seed 
industry as well. California is unique in the range of 
crops and food products produced and processed 
here, and the UC system of research centers and 
experiment stations provides a valuable laboratory 
for testing new varieties and management systems. 
As information increasingly becomes an integral 
component in agricultural systems, from GPS-guided 
equipment, digital monitoring of water and nutrients, 
robotic planting, weeding, pruning and harvesting 
to weather prediction and decision-support apps 
on cell phones, being able to test and adapt these 
advances in California’s diverse environments is a 
critical asset. In many cases, plant breeding will be 
required to adapt our crops to take advantage of 
these opportunities, just as the processing tomato 
varieties that were developed in concert with the 
machines capable of harvesting them are the 
basis of the California tomato industry. The WFC is 
already working with researchers at UC Davis and 
other institutions to bring these possibilities into 
commercial practice in a wide range of annual and 
perennial crops.  
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At the same time, we are also working to sustain 
the SBC and transition it to new leadership. Our first 
priority is to enable recruitment of a seed scientist 
for my faculty position. This has been assisted by 
contributions to an endowment to create a chaired 
position for this faculty member (see page 17), and 
we thank those companies and individuals who have 
contributed to this fund. As we replace staff who are 
retiring or moving to other positions, we are also 
reorganizing to distribute responsibilities that have 
been handled so expertly by Susan DiTomaso since 
the SBC was established. As is evident in this Annual 
Report, the SBC is deeply involved in research, 
education and public service supporting crop 
improvement and quality seeds, which are essential 
components of global food systems. The SBC is 
proud to be a partner with the WFC in focusing the 
outstanding resources of UC Davis on tackling the 
grand challenges that face agriculture and food 
production in the coming decades.

 
Director 
Seed Biotechnology Center 
University of California, Davis 





Plant Breeding AcademySM

 
The University of California, Davis (UC Davis) Plant Breeding 
Academy (PBA) has offered 15 classes worldwide since 2006, 
with classes in the USA, Europe, Africa and Asia. To date, the 
program has trained more than 280 breeders from over 60 
countries, 80% of which are from the private seed industry, making this organization the most recognized 
program of its kind. 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 (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) and Alexandra Tomerius (AIB). They are supported by a number of 
guest lecturers from the private industry and academia.  
 
PBA Highlights in 2017 

UC Davis European PBA Class IV graduates

The fourth class of the UC Davis European PBA (EPBA) held session five in March in Almeria, Spain and 
its final session (and graduation) in June in Davis, CA. During these and the previous four sessions held in 
Europe, this class spent more than 300 hours in classes, workshops and the field to complete this premium 
professional certification program.  

Europe PBA Class IV course participants included:
Remy Adriaensen, Bayer CropScience, Belgium
Solène Crépellière, Syngenta, France
Grégory Lavric, KWS Momont, France
Alessandra Lillo, Driscoll’s Genetics, UK
Przemyslaw Matysik, Hodowla Roslin Strzelce, Poland
Nina Muellers, KWS SAAT SE, Germany
Michal  Rokicki, Poznanska Hodowla Roslin, Poland
Adam Sitarski, Driscoll’s Genetics, Poland
Erik Van der Biezen, Bayer CropScience, Belgium
Arie Vana, Enza Zaden, Spain

UC Davis European PBA begins Class V 
The UC Davis European PBA Class (EPBA) V held its first 
session in October in Enkhuizen, The Netherlands. Over the 
course of the two-year program, participants will spend more 
than 300 hours in classes, workshops and the field. 

Europe PBA Class IV

European PBA Class V 
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European PBA Class V course participants include:

 
UC Davis PBA Class VI continues 

UC Davis PBA Class VI held its second, third and fourth sessions in February, June, and 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. Core instructors were 
supported by a number of guest lecturers from private industry and academia.

Davis PBA Class VI course participants include:
Parag Agarwal, VNR Seeds Pvt. Ltd., India
Erin Gerdes, Nuseed, USA
Manoj Kumar Kabdal, Pioneer, India
Ryan McMillen, Rijk Zwaan, USA
Bear Reel, C.W. Hemp, USA
Kelly Stanton, Enza Zaden, USA
Donato Titolo, Dow AgroSciences, USA
Katriona Vigueras, Bayer, USA
Hong Jen (Victor) Wang, Sakata Seed America, USA
Carlos Manuel Xico, Bejo, Guatemala
Akira Yokofuji, Snow Brand Seed Co., Japan

UC Davis PBA partners with Limagrain Academy to deliver customized courses in Thailand and 
France

In collaboration with the Limagrain Academy, the UC Davis PBA organized and delivered two one-week 
customized programs in 2017. Core UC Davis PBA lecturers were Rale Gjuric, Allen Van Deynze, and Todd 
Wehner.
 
Bangkok, Thailand — February 20 - 24, 2017 
Thirty-one Limagrain breeders representing business units from 
China, India, Japan, Thailand and Vietnam attended the one-week 
program. Limagrain senior plant breeders Narin Singh and Jean-
Bruno Beaufume supported core lecturers in delivering the course. 

Mons/Clermont-Ferrand, France — November 20 - 24, 2017
Twenty-five Limagrain breeders based in France, Brazil,  

Czech Republic, India, Israel, Italy, Morocco, Netherlands,  
Russia, Spain and UK were in attendance. 

Davis PBA Class VI

Limagrain PBA, Thailand

Alexandra Bothe, NPZ, Germany
Richard Fages, HM.Clause, France
Pablo Fernandez-Miranda, Syngenta España, Spain
Benoît Foucault, KWS, France
Darryn Gibson, Progeny, USA
Rotem Hasson, Bayer Israel Ltd., Israel
Juan Manuel Herrera, Agroscope, Switzerland
Kadir Kaman, Syngenta, Turkey
Edina Eva Kare, LS Plant Breeding, United Kingdom
Tobias Kox, NPZ, Germany
Cédric Lefaix, HM.Clause, Iberica SA, Spain

Sina Möller, Deutsche Saatveredelung AG, Germany
Rami Abu Mousa, Oula for Seeds Production, Jordan
Stefanie Mueller, KWS, Germany
Mihaela  Patrascoiu, Maïsadour Semences, Romania
Edouard Penez, Saaten-Union Recherche, France
Enrique Ramos, Syngenta, Spain
Maria Berenguer Rivero, Semillas Fito, Spain
Philipp Schulze, Royal Berries, Spain
Ahmet Sirri Sensoy, Semillas Fito, Turkey
Gregor Welna, NPZ, Germany

Limagrain PBA, France
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African PBA Class III begins 

In May and November, the African PBA (AfPBA) and World 
Agroforestry Centre (ICRAF) welcomed Class III to Nairobi, 
Kenya for the first and second two-week sessions of the 
six-week continuing education program. This brings the 
cohorts of AfPBA participants to 87 African plant breeders 
from 25 countries. This class of 34 represented professionals 
(17 women) from 18 nations and 30 institutions throughout 
Africa. The program is directed by Rita Mumm (University 
of Illinois). Instructors included experts from academia and 
industry professionals including Rale Gjuric, Allen Van 
Deynze and Kent Bradford (UC Davis), Iago Hale (University 
of New Hampshire), Rita Mumm, Bruce Walsh (University of Arizona) and Todd Wehner (North Carolina 
State University). Special topics were covered by Darshna Vyas (LGC Genomics), Oswald Crasta (Dow 
Agrosciences), Alex Lipka (University of Illinois), Trushar Shah (BMS/IITA), Ramni Jamnadass, Prasad Hendre 
(ICRAF), and Damaris Odeny (ICRISAT), 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 Sue DiTomaso, Sally Mohr 
and Julie Tillman.  
 
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 provide 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. 

In 2016-2017, the AfPBA gratefully received financial support from AGRA (Alliance for a 
Green Revolution in Africa) that is being utilized to fund 30 students for the AfPBA class. 
We thank Rufaro Madakadze and Joe DeVries from AGRA for this partnership. We also 
thank Howard-Yana Shapiro, Mars, Incorporated and UC Davis fellow, for his continued 
financial support and leadership on this program.

African PBA Class III course participants 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
Ermias Abate Desta, Amhra Regional Agricultural Research Institute, Ethiopia
Fatma Awad Hussein, Field Crops Research Institute, Egypt
Fekadu Gurmu, South Agricultural Research Institute, Ethiopia

African PBA III students visit CIMMYT MLN Screening Facility in Naivasha 

Africa PBA Class III
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African PBA Class III (continued)

n

Friday Nwalo Nweke, Alex Ekwueme Federal Univesity, Ndufu-Alike Ikwo, Abakaliki, Ebonyi State, Nigeria 
Grace Nakabonge, Makerere University, Uganda
Heneriko Philbert Kulembeka, Lake Zone Agricultural Research and Development Institute, Ukiriguru,  
  Tanzania
Hirut Betaw, International Potato Centre, Ethiopia
Hortense Noelle Mafouasson Apala, Institute of Agricultural Research for Development (IRAD), Cameroon
Innocent Nanoukon Dossou-Aminon, Laboratory of Biotechnology, Genetic Resources and Plant and  
  Animal Breeding (BIORAVE), FAST-Dassa, Benin
Jane Cheserek, Coffee Research Institute, Kenya 
Lawrent Pungulani, Chitedze Research Station, Malawi 
Maletsema Alina Mofokeng, Agricultural Research Council-Grain 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, AgriSeed Co., Nigeria
Muhyideen Oyekunle, Ahamadu Bello University, Nigeria

Oumarou Goita, Institut d'Economie Rurale (IER), Mali
Oumarou Souleymane, INRAN (National Institute for  
  Agronomic Research of Niger), Niger
Qudrah Olaitan Oloyede-Kamiyo, Institute of  
  Agricultural Research and Training, 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 Organization/Industrial Crops Research  
  Institute, Kenya
Stephen Amoah, Council for Scientific and Industrial  
  Research - Crops Research Institute, Ghana

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. The AOCC (see www.africanorphancrops.org for annual 
reports) has begun by investing in training Africa’s top breeders (see AfPBA section above) to integrate 
modern tools and strategies into their plant breeding programs. It jumpstarts breeding programs in African 
crops by sequencing a base genome for each of the 101 African crops and defining the genetic diversity of 
100 genotypes selected to represent local landraces, lines with favorable nutritional and productivity traits 
and a broad sampling of genetic diversity for these crops. Importantly, all the information and lines are made 
publicly available. In 2017, the AOCC worked on each of the 39 reference genomes, ten of which are to be 
released in 2018. It continued to work on defining the genes for 50 crops through the Illumina Greater Good 
Initiative and collecting samples for resequencing. New partners include Dow AgroSciences, Wageningen 
University and AGRA.  
 
Visit www.AfricanOrphanCrops.org for more information about AOCC partners. 

African PBA Class III students on field trip
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Illumina donates sequencer to AOCC 

In May 2017, Illumina Inc. donated a high capacity sequencer (HS4000) to the AOCC. It was installed at 
the World Agroforestry Centre lab making the AOCC lab the largest sequencing center on the continent.  
This significantly increases the capacity for the AOCC lab to resequence 10,000 genomes. In an opening 
ceremony, global lead of Illumina Ryan Rapp emphasized their commitment to the AOCC program. Prasad 
Hendre, manager of the lab, graciously accepted the gift.

 
 

Dow AgroSciences sequences orphan crops for AOCC 

As a new partner, Dow AgroSciences donated sequences of over 116 accessions of Bambara groundnut 
(Vigna subterranea), Drumstick tree (Moringa oleifera) and Apple ring-Acacia (Faidherbia albida), each 
highly nutritious crops contributing to African diets. The sequences of the parental lines selected by AOCC 
breeders and collaborators defines the genetic diversity and jumpstarts their breeding programs. 

Bambara groundnut 
(Vigna subterranea)

Apple ring-Acacia 
(Faidherbia albida)

Drumstick tree 
(Moringa oleifera)

Tony Simons, Howard Shapiro and Ryan Rapp cut the 
ribbon on HS4000 sequencer donated by Illumina, Inc. 
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SBC Educational Courses
 
Seed Business 101SM

This one-week program is designed to expose participants 
to the five functional areas of a seed company: research and 
development, production, operations, sales and marketing, 
and administration. The course content is delivered in a very 
interactive way by creating a virtual seed company and case 
studies for each functional area. The program provides those 
new to the seed industry with a broad understanding of the major 
aspects of a seed company’s operations and cross-departmental 
knowledge of best practices for profitability. The class is taught 
by widely respected industry executives with additional help of 
experts participating as guest speakers. Starting in 2012, two 
distinct programs are offered, one focusing on field crops and 
the other on horticultural crops. More than 500 participants have 
completed this course since 2010. 
 
Seed Business 101 courses offered in 2017: 
Field Crops — August, St. Charles, Illinois, USA 
Horticulture — December, Davis, California, USA 

 
Seed Production
 
This three-day course is designed to enhance participants’ knowledge of the underlying biology of 
seed production and the key roles of bees and other insect pollinators; how to manage seed crops from 
agronomic, quality control, and genetic integrity standpoints; and how to meet new challenges through seed 
production research.

Seed Production class participants

This course, offered on February 
14 – 16, 2017 at UC Davis, attracted 
59 participants from 12 countries 
and 41 companies from around the 
globe. It was taught in an interactive 
format by Drs. Greg Welbaum, 
Kent Bradford, and Rale Gjuric and 
industry expert Mike Pereira, along 
with other important guest lecturers. 

Seed Business 101 Horticulture 
Davis, California

Seed Business 101 Horticulture class participants 
Davis, California

Group discussion, Seed Business 101 Horticulture 
Davis, California
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OUTREACH AND PUBLIC SERVICE
International Society for Seed Science Conference
 
The SBC, together with an international program committee, successfully organized the 
12th Triennial International Society for Seed Science Conference held in September at 
the Monterey Plaza Hotel in Monterey, CA. Taking place in the U.S. for the first time 
since 1989, the conference brought together 180 attendees from 24 different countries 
and enabled top international seed scientists to share research findings and interact 
with the U.S. and the California seed industry. According to conference organizer and SBC Director Kent 
Bradford, “The International Society for Seed Science is the sole professional and scientific organization 
dedicated to the scientific study of seed biology, technology, quality, ecology and conservation. Seed 
scientists play a critical role in enabling high crop yields, in providing high-quality seeds for crop propagation 
and establishment, in controlling weeds and in preserving ecological diversity. In addition, more than 90% of 
global crop genetic resources are stored as seeds. Thus, seed science is a key component of agriculture’s 
goal of sustainably feeding the global population.”

The conference program included three invited plenary lectures:
• Jill Farrant, University of Cape Town, South Africa (talk delivered by Henk Hilhorst)
• Oscar Lorenzo, Spanish-Portuguese Agriculture Research Institute (CIALE), Spain
• Kent Bradford, University of California, Davis, USA

Nine invited and 66 contributed talks were presented throughout seven scientific sessions. In addition, 
25 one-minute oral poster summaries and 55 poster presentations rounded out the scientific program. 
Attendees enjoyed a morning of tours to agricultural companies in the Salinas Valley area. Topics of interest 
included seed research and technology, breeding, and vegetable production and harvesting, followed by 
a visit to the Steinbeck Museum in Salinas and networking organized by 
Seed Central. Guests were treated to a festive Welcome Reception, with 
appetizers and beverages and an evening Gala Banquet that included 
live music. Several video interviews with participants (available at http://
germination.ca/people-know-powerful-seeds-really/) illustrated the 
importance of seeds in agriculture.
 
We are grateful for the generosity of our sponsors who made this event 
very successful!  
ISSS2017.ucdavis.edu/our-sponsors/

2Ol7
isss
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National Association of Plant Breeders Conference
 

In 2017, SBC Research Director and Plant Breeding Center (PBC) Associate Director 
Allen Van Deynze chaired the annual meeting of the National Association of Plant 
Breeders (plantbreeding.org) along with PBC Director Charlie Brummer and Program 
Manager Amanda Saichaie. Themed “Diverse Crops – Diverse Challenges”, the 
meeting was held in August at UC Davis. Over 350 attendees from 11 countries and 40 
states were welcomed by Gail Taylor, new Chair of the Department of Plant Sciences, 

UC Davis. 

The four-day conference included 
workshops by USDA/NIFA, graduate 
students and early career plant 
breeders, as well as tours in the 
Davis and Salinas areas. Plant 
breeding research was highlighted 
in 8 sessions that were co-chaired 
by invited graduate students from 
small colleges. Four awards in 
recognition of Lifetime Achievement 
(Robert E. Allan), Plant Breeding 
Impact (John R. Clark), Early Career 
Scientist (Robert Duncan), and 
Friends of Plant Breeding (Ann 
Marie Thro) were presented. We 
thank our sponsors who made this 
event very successful.   

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 several 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 2,000 participants from over 350 companies and organizations from California, the U.S. 
and overseas having attended these events. In January, SC hosted the Brainstorming Session: Special 

Networking Event and Tech Showcase. The various branches of the 
seed industry presented their qualitative medium- and long-term 
human resources needs; categories and types of jobs that will need 
to be filled in the next 5-10 years; academic study majors and major 
combinations that will be most in demand; and skills that will be 
expected (including the important soft skills). Industry representatives 
engaged in discussion and brainstorming with educators and 
students. 

In March, SC hosted Women in Biotech: An Inspirational Roundtable 
— Launching Early Professional Women into the Biotech Industry. 

12 UNIVERSITY OF CALIFORNIA, DAVIS • SEED BIOTECHNOLOGY CENTER



This event featured an impressive panel of 15 women working in the biotech industry at varied career 
stages, from graduate student to research scientist to tenured professional. Panel members began by in 
turn describing individual professional backgrounds and pivotal decisions leading to their current status as a 
biotech professional in the public or private sector. Panel career testimonials were rounded out by dynamic 
roundtable discussions and questions from audience members.

In September, SC teamed up with the SBC in Salinas, CA to host a special Seed Central event in connection 
with the Triennial Conference of the International Society for Seed Science. This began with a catered lunch 
and self-guided tour of the National Steinbeck Center Museum. A Trade Show and Career Fair followed, 
which included a well-attended and successful Speed Networking activity consisting of rotating networking 
sessions between student groups and industry professionals. The event was capped off by Seed Central 
Networking and an evening panel discussion titled The Future of Research and Practice in Seed Biology, 
Seed Technology and Seed Ecology. Individual presentations by panel members were followed by a panel 
discussion:  
 

Johan Van Asbrouck, Rhino Research • Seed Technology  
Joe DiTomaso, UC Davis • Seed Ecology  
Ramin Yadegari, University of Arizona • Seed Biology

2017 Seed Central Forum Presenters and Topics 

Seed Central Brainstorming Session
• Acela Biotek
• Amaryllis Nucleics
• Amphasys AG
• AstRoNa Biotechnologies
• Circularis Biotechnologies
• CSP Labs
• gThrive
• Logos4n 
• Lumigrow
• Miraculex
• Pilot R&D
• Sesotec
• Stockton Group
• Trace Genomics
• XTB Laboratories 

Joint Seed Central & Food Central Forums
• Bruce German, Professor, Department of Food Science & Technology; Director, Foods for Health 

Institute, UC Davis
• Thomas Tomich, WK Kellogg Endowed Chair in Sustainable Food Systems; Director, Agricultural 

Sustainability Institute at UC Davis
• Douglas Cook, Professor, Department of Plant Pathology; Director, Feed the Future Innovation Lab 

for Climate Resilient Chickpea; Principal Investigator of a National Science Foundation Plant Genome 
Research Program project to investigate the impact of domestication on nitrogen fixation in chickpeas

• John McKay, Associate Professor, Colorado State University; Director of Genetics, New West 
Genetics
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• Jorge Dubcovsky, Professor, Department of Plant Sciences, UC Davis; Howard Hughes Medical 
Institute-Gordon & Betty Moore Foundation Investigator

• Nitin Nitin, Professor, Department of Biological and Agricultural Engineering & Department of Food 
Science and Technology, UC Davis

• Ken Giles, Professor, College of Biological & Agricultural Engineering, UC Davis
• David Slaughter, Professor, College of Biological & Agricultural Engineering and College of 

Agricultural and Environmental Sciences, UC Davis 

Special Session on Microbials
• Marcus Meadows-Smith, CEO, BioConsortia
• Mylavarapu Venkatramesh, VP of Discovery Research, Agrinos
• Matthew DiLeo, Application Development Group Leader, Novozymes North America Inc.
• Venkatesan Sundaresan, Professor, Plant Biology and Plant Sciences, UC Davis
• Varghese P. Thomas, Principal Scientist, Microbiology & Crop Efficiency, Biologics, Crop Science 

Division, Bayer 

Special Event: Women in Biotech, An Inspirational Roundtable
• Kristen Bennett, Senior Program Director, Second Genome
• Diana Luong Nguyen, Undergraduate Student, Biotechnology
• Poornima Parameswaran, Co-Founder, Trace Genomics
• Nicole Coggins, Ph.D. Student, Molecular, Cellular and Integrative Physiology
• Vonnie Estes, Group Leader, Agricultural and Industrial Biotechnology, Caribou Biosciences
• Adina Boyce, Ph.D. Student, Biosystems Engineering
• Cassie Hilder, Manager, Business, Agriculture, Arcadia Biosciences
• Julia Wasielewski, MBA Graduate Student
• Susan Turner, Senior Vice President, Research, BioConsortia
• Alexandria Igwe, Ph.D. Student, Microbiology with a Designated Emphasis in Biotechnology
• Debbie Yaver, Managing Director, Novozymes
• Katie Murphy, Ph.D. Student, Plant Biology
• Kate Stuart, Founder and Director, Preclinical Development, Symic Bio
• Sriya Maram, Undergraduate Student, Biotechnology

Special Session at the USDA/ARS station in Salinas 
This special session featured guided tours of the research station in the following areas:

• Plant breeding 
• Lettuce, spinach, melon, and sugar beet
• Virology
• Soil-borne diseases
• Downy mildew of spinach
• Postharvest, methyl bromide alternatives & APHIS 

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. Interest 
has recently been expressed by a local development firm that could facilitate progress on the project. If the 
CoRe Lab could be of value to you, contact the SBC or Seed Central.

2017 Seed Central Forum Presenters and Topics (continued)
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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. Seed Central hosted in collaboration 
with the Plant Breeding Center four fields trips in 2017: Marrone Bio Innovations 
in Davis, VoloAgri Group in Woodland, the McClellan Nuclear Research Center in 
McClellan Park, and Full Belly Farm in Guinda. 

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 2017, Seed Central 
staged its first Speed Networking event for 90 students from UC Davis, Woodland Community College, 
California State University Fresno, Hartnell College and Cal Poly Pomona, who learned about 12 companies 
over a two-hour period and landed quite a few internships.

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 newly hired 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 2017. 
 
2017 DISCOVER SERIES Presenters

• Ken Giles, Professor, Department of Biological and Agricultural Engineering, UC  
Davis | Remote-piloted aircraft for agricultural payload delivery

• Stacey Harmer, Professor, Department of Plant Biology, UC Davis | Circadian 
rhythms are turning heads: Clock regulation of growth and development

• Daniel Kliebenstein, Professor, Department of Plant Sciences, UC Davis | 
Quantitative genomics of metabolism and resistance

• Diana Burkhart, Staff Scientist, DNA Technologies and Expression Analysis Cores, 
UC Davis | UC Davis DNA Technologies and Expression Analysis Cores Overview

• Luca Comai, Professor, Department of Plant Biology; TILLING Core Manager, UC 
Davis | UC Davis TILLING Core Overview

• Matthew Settles, Bioinformatics Core Manager, UC Davis | UC Davis Bioinformatics Core Overview
• Anthony Herren, Assistant Project Scientist, Proteomics Core, UC Davis | UC Davis Proteomics Core 

Overview
• Dinesh Barupal, Program Coordinator and Assistant Project Scientist, Metabolomics Core, UC Davis | 

UC Davis Metabolomics Core Overview 

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. A new project was outlined in 2017 and will be 
implemented in 2018.

Paul Muller of Full Belly Farms shows  
students aphids on organic farm 

Guinda, California

15 ANNUAL REPORT



Collaboration for Plant Pathogen Strain Identification (CPPSI)

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. 

Production of reference materials is underway for pepper TSWV, tomato TSWV, watermelon Fusarium wilt 
and lettuce downy mildew. Drafts of the associated white papers are also in development. These reference 
materials were made available through www.cppsi.org in Fall 2017. Watermelon Fusarium wilt has been a 
more challenging system to work with and reference materials should be available in early 2018. The lettuce 
downy mildew reference materials are being developed in collaboration with the International Bremia 
Evaluation Board (IBEB) and Richard Michelmore (UC Davis).  

The CPPSI Advisory Council approved the proposed development of Harmores 3 reference materials in 
June. Harmores 3 is a two-year strain and resistance harmonization effort between the EU registration 
organizations, EU seed companies and CPPSI. Members of CPPSI are helping to identify the official 
differentiating hosts and reference strains for melon powdery mildew and Fusarium wilt as well as tomato 
root knot nematode and Fusarium wilt through comparative testing and differential host set development.   

With the support of the Advisory Council, we have expanded the responsibilities of CPPSI to include 
additional projects that support the CPPSI mission. CPPSI members are participating in the International 
Seed Federation (ISF) Disease Resistance Terminology Working Group to revise the ISF Disease Resistance 
Terminology document. The document serves as a guide for making claims of disease resistance in 
commercial varieties by the vegetable seed industry. CPPSI is also participating in the Harmores 3 project to 
help define and select differentiating hosts that help identify pathogen strains. CPPSI will soon facilitate the 
distribution of International Seed Health Initiative (ISHI) reference materials and is helping ISHI develop a 
distribution system for North America. We are also developing a website to pool resources and information 
on emerging diseases. 

The CPPSI business plan is being updated to reflect the successful launch and establishment of CPPSI 
at the UC Davis SBC in 2015, outline the activities that make up the expanded CPPSI responsibilities and 
identify the steps towards long-term sustainability of the CPPSI initiative.

CPPSI director Phyllis Himmel and members of the working group 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 Crop Science, HM.Clause, Monsanto, Sakata Seed America, Syngenta, Enza 
Zaden and Rijk Zwaan.

 

COLLABORATION FOR

Plant Pathogen Strain Identification
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The Kent J. Bradford Endowment

Establishment of 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 serve as the director of 
the Seed Biotechnology Center. An endowment will ensure that the seed industry’s needs for academic 
research, education and public service can continue to be met. For more information or to contribute to our 
goal, contact Christine Schmidt at cmschmidt@ucdavis.edu.

Still growing strong!  
 

In 2017, we were delighted to receive gifts to the endowment from Known-You Seed Co., Ltd. and Chia Tai. 
Their generous gifts are very important to the growth of the campaign. We will continue to add new gifts in 
2018. Thank you to Known-You Seed Co., Ltd. and Chia Tai for their generous endowment support in 2017!

SBC Awards and Presentations 
 
Rale Gjuric named one of 20 most influential seed people 

In 2017, SBC Education Director Rale Gjuric was placed on EUROPEAN SEED's 
list of highly influential seed people. These 20 selected individuals were deemed 
to have had a significant impact on the European seed sector in the past year(s). 
In a time where seed companies worldwide are having trouble filling their 
breeding vacancies, Rale has been instrumental in spearheading education 
efforts that have trained numerous students. Under his leadership, the UC Davis 
Plant Breeding Academy has offered 15 classes worldwide since 2006 that were 
attended by 281 breeders from over 60 countries, making this organization the 
most recognized program of its kind. Congratulations, Rale!
 

SBC Founding Father Gabe Patin receives UC Davis Award of Distinction  

The College of Agricultural and Environmental Sciences at UC Davis honored 
the SBC's founding father Gabe Patin with an Award of Distinction at the College 
Celebration event held in October. This award is presented annually to individuals 
whose contributions and achievements enhance the college's ability to provide 
cutting-edge research, top-notch education and innovative outreach. 

When discussions began at UC Davis in the late 1990s to establish a research and 
extension center that would focus on seed quality and plant breeding, Gabe was an 
immediate and strong supporter. As a major figure in the California Seed Association 
and a member of the California Seed Advisory Board, he was instrumental in 
convincing colleagues in the seed industry to invest in their own future. Gabe served 
on the SBC Advisory Council and continued supporting additional connections 
between UC Davis and the seed industry. His early vision and consistent 
championing of the SBC, Seed Central, and the Ralph M. Parsons Foundation Plant 
Transformation Facility continue to provide value to agriculture and the seed industry. 

The SBC will forever be grateful to Gabe for his vision and foundational support of the center!
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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 2017:
Presentations and Posters: Allen Van Deynze

• Van Deynze, A. Gene editing in crops. California Melon Board, San Diego, CA. January 5, 2017.
• Hulse-Kemp, A.M., Maheshwari, S., Stoffel, K., Hill, T.A., Jaffe, D., Weisenfeld, N., Kumar, V., Shah, P., 

Schatz, M.C., Church, D.M. and Van Deynze, A. A new pepper genome built using long-range short-
read technology allows direct comparison of pungent and non-pungent types. Plant and Animal 
Genome, San Diego, CA. January 12-16, 2017.

• Van Deynze, A., Hulse-Kemp, A., Chin, J., Ruskey, J., Schatz, M., Cantu, D. and Medrano, J. Update on 
sequencing the Coffea arabica variety, Geisha, from California. Plant and Animal Genome, San Diego, 
CA. January 12-16, 2017.

• Hill, T.A., Abdul Rahman, K., Ray, T., Chaverri, A., Ashrafi, H., Van Deynze, A. and Bradford, K.J. QTL 
underlying androgenic haploid production in pepper (Capsicum annuum). Plant and Animal Genome, 
San Diego, CA. January 12-16, 2017.

• Van Deynze, A. UC Davis Research and Collaborations. Governor of Aguascalientes, Mexico, UC Davis. 
January 31, 2107.

• Van Deynze, A. Mechanical harvesting in pepper. California Pepper Commission, UC Westside Station, 
CA. February 28, 2017.

• Van Deynze, A. Exome capture in spinach. California Seed Association, San Diego, CA. March 7, 2017.
• Van Deynze, A. Common goals and uncommon collaborations. Plant Breeding Symposium, Cornell 

University, Ithaca, NY. March 10, 2017.
• Van Deynze, A., Osorio-Marin, J., Frank-Greenhut, R. and Brummer, E.C. UC Davis spinach breeding.  

California Leafy Greens Board, Pismo Beach, CA. March 14, 2017.
• Van Deynze, A. and Brummer, E.C. Plant breeding at UC Davis. Google-X, UC Davis. April 1, 2017.
• Van Deynze, A. African seed systems. HM.Clause, Davis, CA. June 7, 2017.
• Hulse-Kemp, A.M., Stoffel, K., Ruskey, J., Van Deynze, A., Cantu, D. and Medrano, J.F. Setting the stage 

for California coffee farming. CROPS, Birmingham, AL. June 5-10, 2017.
• Van Deynze, A. SBC report. California Seed Association, Monterey, CA. September 27, 2017.
• Van Deynze, A. Research and collaborations. Argentinian delegation, UC Davis. September 29, 2017.
• Van Deynze, A., Shapiro, H. and Mumm, R. African Plant Breeding Academy. Crop Science Society. 

October 24, 2107.
• Van Deynze, A. Breeding is essential for nutritional security. LGC Genomics, London. October 31, 2017.
• Van Deynze, A. Research and education at UC Davis. Chinese Delegation, UC Davis. November 8, 

2017.
• Van Deynze, A. Application of gene editing to plant breeding. Bayer Crop Science, West Sacramento, 

CA. November 17, 2017. 
 
Presentations: Kent Bradford 

• Bradford, K.J. From ethylene, ACC and waterlogging to seed biology and storage. Seminars in 
Postharvest Biology: Special Series Commemorating the 50th Anniversary of the Mann Lab. UC Davis. 
May 11, 2017.

• Bradford, K.J. Plant genetic improvement: Techniques and regulatory status. Presentation at Genetic 
Engineering in Agriculture: Science, Policy and Law. UC Davis. June 13, 2017.
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• Bradford, K.J. The UC Davis Seed Biotechnology Center. Presentation (remotely) to Idaho, Eastern 
Oregon Seed Association. June 14, 2017.

• Bradford, K.J. A seedcentric view of biology. Invited J. Derek Bewley Career Lecture, 12th Triennial 
Conference of the International Society for Seed Science, Monterey, CA. September 12, 2017.

• Bradford, K.J. Germination rates and seed quality. Invited presentation, Flagship Pioneering, Boston, 
MA. September 16, 2017.

• Bradford, K.J. Implementing the Dry Chain to maintain seed quality. Asia & Pacific Seed Trade 
Association, Asian Seed Congress 2017, Bangkok, Thailand. November 14, 2017. 

SBC Advisory Council

The SBC Advisory Council announced expansion of its membership. The SBC is grateful for their  
sage advice and support.

• Phil Ashcraft, Verdant Partners 
• Charlie Brummer, UC Davis Plant Breeding Center 
• Rich Collins, The Collins Farm 
• Jovan Djordjevic, Bayer CropScience Vege. Seeds 
• Rick Falconer, Rijk Zwaan 
• Dan Gardner, S&W Seed Co.
• Gilles Gay/Cecilia Chi-Ham, HM.Clause 
• George Gough, Monsanto 
• Gary Hudson, Hudson & Associates, Inc. 
• Matthew Johnston, Syngenta 
• Francois Korn, SeedQuest 

• John Palmer, California Crop Improvement Assn. 
• John Purcell, Monsanto
• Howard-Yana Shapiro, Mars Incorporated
• Chip Sundstrom, FJS Consulting
• 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

 

Upcoming Conferences and Meetings

During 2017 the SBC continued with planning and preparations for 
Cucurbitaceae 2018, being held at UC Davis in November of next year.  
www.Cucurbits2018.ucdavis.edu

Find the SBC on Facebook
SBC’s latest news, announcements, courses and 
events • facebook.com/UCDavisSBC/ 

SBC in the News
Media and news highlights featuring SBC  
SBC.ucdavis.edu/News/SBC_in_the_News/

CUCURBITACEAE 2018
11  — 16 November, 2018 • Conference Center, UC Davis • Davis, California USA 

Cucurbit2018.ucdavis.edu

Bringing together scientists from around the world for an in-depth conference 
 exploring new frontiers of cucurbit research and development 

photo courtesy of HM•Clause
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Update from the UC Davis Plant Breeding Center 
 
The vision of the Plant Breeding Center (PBC) at UC Davis (UCD) is to 
breed better crops for better lives. To address the challenges facing 
crop production – adapting to weather variability, lessening the impact 
of agriculture on the environment, and increasing yields and crop value 
– today’s plant breeders need to use any tools available in their cultivar 
development programs. Breeders need to be well-versed in genomics 
and phenotyping technologies but also capable of handling field breeding operations. Our goal in the PBC is 
to ensure we are conducting the cutting-edge research that spurs innovation in breeding, while at the same 
time educating students with competencies in all aspects of a breeding program.

Over the past four years, we have completely overhauled our graduate plant breeding curriculum. The four 
main graduate courses in plant breeding – experimental design, advanced plant breeding, quantitative 
genetics and selection theory, and genomics in plant breeding – are all taught by faculty who weren’t at 
UCD five years ago. This reinvention has enabled us to revise course content and scheduling to provide a 
completely modern education to UCD plant breeding graduate students. There is still work to do, including 
the addition of a new practicum course that will give students a direct connection to the breadth of field-
based breeding activity at UCD and in surrounding industry programs. Further, we are attempting to develop 
a more consistent and meaningful internship program for students wishing to get experience in an industry 
environment before graduation.

Although most of our graduate students are residents on campus, we have several who are funded by 
and continue to work for commercial companies during their graduate program. These arrangements are 
beneficial to the students enrolled, but also to other students who can learn from them about life in industry. 
These programs can also be a pipeline for students to transition seamlessly from a graduate program into a 
job. We are looking for ways to encourage more of these types of arrangements in the future.

One of the more difficult aspects of breeding to include in a formal curriculum is actual hands-on plant 
breeding activities. Although course work can teach concepts, analytical tools, and a synthetic understanding 
of breeding and its related disciplines, experiential learning throughout the year on an actual breeding 
program is also essential. One way we are attempting to provide students this knowledge is through the 
SCOPE project, a USDA-NIFA funded project through the Organic Research and Education Initiative. SCOPE 
stands for the Student Collaborative Organic Plant Breeding Education program. Through this program, 
students organize, direct, and manage all operations in breeding programs on common bean, lima bean, 
tomato, and pepper; opportunities to add other crops, such as small grains, are being considered. 

Projects include improving growth habit and introducing BCMV resistance to heirloom common bean; 
improving plant habit and reducing cracking and sunscald in heirloom tomatoes without sacrificing taste; 
developing a lygus-resistant, high-yielding lima bean line for organic production; developing a larger 
jalapeno popper pepper; and creating a sunscald-resistant, high-yielding, full-flavored bell pepper for organic 
production in California. Breeding plots are on the university Student Farm, as well as six on-farm trials this 
year. In addition to graduate students, the project includes numerous undergraduate interns, has a regular 
seminar series throughout the year, and works with farmers and seed companies. 

The PBC hosted the National Association of Plant Breeders’ Annual Meeting from August 7-10, 2017 in Davis, 
CA (see page 12 of this report). The conference, “Diverse crops - Diverse challenges,” was highly successful, 
bringing 360 attendees from all over the world to see the exciting and vibrant breeding going on at UCD and 
the local seed and nursery industries.

In December 2017, the PBC hosted the first Plant Breeding Retreat at Bodega Bay, CA.  Over 75 faculty, 
students, postdocs, and staff from UCD attended and presented the diversity of work going on at UC Davis. 
In 2018, we intend to create a roadmap for developing further opportunities for plant breeding research, 
education, and extension with our external stakeholders, including the seed and nursery industries, 
commodity groups, and non-profit organization partners. 

The PBC’s website can be found at plantbreeding.ucdavis.edu. 
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RESEARCH
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 2017, Theresa Hill and Allen Van Deynze 
collected data for bolting in southern California and Wisconsin to show that 25-40% 
of selections bolted early with consistency across locations. As part of this project, 
mapping populations and a large diversity set of 800 lines are being sequenced/

genotyped 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. The Farm 
and Center host 2000 and 5000 students, respectively, from diverse backgrounds annually. 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 David Tricoli (UC Davis, Ralph M. Parsons 
Foundation Plant Transformation Facility) and David Stelly (Texas A&M University) to 
screen a novel source of germplasm for regeneration capacity and transformation 
efficiency. A complex population of recombinant inbred lines derived from eleven cotton parents was 
obtained from David Fang and Jonnie Jenkins (USDA/ARS). This population provides unique recombinants 
that may respond to transformation protocols better than the now commercially irrelevant few lines currently 
being used, such as Coker 312. In 2016-2017, 200 of these lines, including their parents, were tested in 
culture with three protocols for transformation. Several lines show improved transformation efficiency under 
a single protocol.  A single line has been identified to date that responds well and can be transformed. This 
line will be used for further transformation in cotton.

This transformable line will assist the SBC in translating research developed in Arabidopsis in the Simon 
Chan lab (UC Davis) to cotton. Chan identified a specific chromosomal protein (CenH3) that can be modified 
to simplify the development of haploid plants. With this transformable line available, the SBC is developing 
gene-edited lines that can induce haploid plants in cotton. 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. 
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Melon 

Rapid phenotyping for quality
 
Allen Van Deynze, Kent Bradford and Dario Cantu (UC Davis) are collaborating with HM.Clause 
to develop high-throughput methods for phenotyping melon quality. Postdoctoral researcher 
Macarena Farcuh is comparing the results from sensory analyses for texture and flavor 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. This research 
is funded by HM.Clause. 

Pepper 
 
Defining genetic resistance to late blight and the basis of fruit shape
 
In an effort to develop acceptable bell pepper breeding lines conferring stable genetic resistance to 
late blight, Phytophthora capsici, the SBC has been working for the last six years on determining the 
genetic basis of resistance to the pathogen as well as the basis for fruit size and shape. In many species, 
primary sources of disease resistance come from unadapted landraces or wild relatives, bringing in many 

undesirable traits. In 2016, QTL analyses on multiyear data revealed the complexity of the 
traits, including defining QTL, trait models and candidate genes on chromosomes 5 and 
10 for resistance to late blight. Analyses also determined the genetics of fruit shape, 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 her PhD 
thesis. Her first paper was accepted in Plant Genome. 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.

 
Leveraging population structure to define genetic loci for fruit quality
 
SBC researcher Theresa Hill has used a novel method to identify genetic loci using 
structured small populations in pepper. By comparing blocky, nonpungent peppers to 
nonblocky, pungent peppers with 1000s of DNA markers, she showed that even with 
40 individuals, genetic loci (thus candidate genes) associated with traits differentiating 
these two groups for fruit shape and pungency (capsaicin synthesis) can be identified. 
This was verified using nested bi-parental populations segregating for fruit shape and 
also populations segregating for pungency. By summarizing the literature and analyses 
of the above populations, Dr. Hill identified QTL syntenic to those found in tomato, but 
also several novel QTLs for fruit shape. Robust DNA markers have been made available for these loci. This 
work has was published in Plant Genome journal in 2017. This work was supported by Enza Zaden B.V., Rijk 
Zwaan B.V., and the UC Davis Plant Sciences Department.

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 are being employed in this project. Candidate genes are being verified 
by SBC researcher Kevin Stoffel using expression in tomato and mutation analyses in pepper. 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. 
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Breeding for beet curly top virus resistance
 

The SBC is working with Robert Gilbertson (Department of Plant Pathology, UC Davis) and 
Jose Luna-Ruiz (Universidad Autonoma de Aguascalientes, Mexico) to screen a population 
of wild peppers (C. annuum var glabriusculum) for resistance to beet curly top virus. 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) 
have been transferred to jalapeno-type peppers for release and genetic studies. 
Inheritance studies indicate a two-gene system. Genetic markers are being 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 is being carried out by a master’s student in Mexico who will be trained in sequence-based 
genotyping and analyses at the SBC. The project is funded by UC Mexus.

Introducing new technologies for sequencing of plants and a (much) better pepper genome
 
The SBC partnered with 10X Genomics (San Francisco, CA) to evaluate their technology to sequence and 
assemble plant genomes. 10X Genomics cost-effectively combines physical mapping and sequencing 
of genomes for about 5 to 10% of the cost of other current technologies. The SBC was the first to show 
that 10X Genomics technology can efficiently sequence and assemble the complex pepper genome (3.5 
billion base pairs). The work was done in two months and presented in May at an international scientific 
conference. The order of the DNA segments was verified using four high-density genetic 
maps, and pseudomolecules were created. The results showed that 10X Genomics technology 
was far superior when compared to the current four pepper genomes created using short-
read technology, where large gaps were found in the genomes, especially in areas near 
centromeres with low recombination. 10X Genomics analyses also defined both haplotypes 
in heterozygous regions. As a result, genome structure not accessible in the past can be 
efficiently defined. Analyses of the datasets were done by SBC’s Kevin Stoffel, Amanda Hulse-
Kemp and Theresa Hill, and Shamoni Maheshwari from UC Davis. This work is to be published 
in Horticulture Research journal in 2018. The work was contributed in-kind by 10X Genomics 
with funding from Rijk Zwaan B.V. and Enza Zaden.

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, green jalapeno, other chiles, and 
blocky types for salsa and pickling, it is still a challenge to harvest by machine. 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, traits that are usually found in repulsion. Several 
breeding populations were created to transfer these unique traits to jalapeno and now blocky types, by 
measuring the force to destem. Selections have outperformed the best jalapeno hybrids in two years 
for destemming in replicated trials. This trait appears to be simply inherited. New populations have been 
created to combine traits. The SBC is in the process of working with collaborators to test the germplasm 
with mechanical harvesters and develop markers for rapid introgression into commercial hybrids. Theresa 
Hill and visiting graduate student Vincenzo Cassibba (Universita degli Studi oli Perugia, Italy) worked on this 
program with partial support from HM.Clause.
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Understanding the origin of peppers
 
The centers of genetic diversity and phylogeny for Capsicum species are not well defined. In collaboration 
with Lynn Bohs (University of Utah), Sandra Knapp (British Museum of Natural History, London), Gloria 
Barboza (National University of Córdoba, Argentina) and Ellen Dean (UC Davis), the SBC is defining the 
phylogeny of the up to 40 Capsicum species and 200 Lycianthes species, its closest relative. The project 
involves collections and taxonomic treatments for each genus; defining the phylogenies at the DNA level 
using exome capture and sequencing of 2400 genes; and disseminating on the Solanaceae Source 
database. In 2017, new collections of Lycianthes were made in Guatemala and Mexico. Postdoctoral 
researcher Daniel Spalink (University of Utah) analyzed current data based on sequencing of 40 lines and 
refined the phylogenies of these species. This work is funded by the National Science Foundation and the 
Museum of National History, London.

Collaborative breeding program for Spider Plant

As a partner of the AOCC, the SBC is a collaborator on a program led by Enoch Achigan Dako, University of 
Abomey-Calavi, Benin, on participatory breeding of Spider Plant (Cleome gynandra) for resilience to climate 
and improved nutrition. Other collaborators include Eric Schranz, Wageningen University, The Netherlands; 
Edgar Deguenon, Hortitech Development, Benin; Andreas Ebert, AVDRC, the World Vegetable Center; and 
Patrick Mandu, KENRIK, Centre for Biodiversity, National Museums of Kenya, Nairobi, Kenya. Spider Plant is 
a vegetable eaten as “spinach” in most countries in Africa. It is a C4 plant adapted to several environments, 
including drought-stressed areas. It is highly nutritious and a rich source of micronutrients and vitamins. It 
is eaten steamed or mixed into many dishes. Over 250 new accessions were collected by Wageningen 
University Ph.D. student, Deedi Sogbohossou, in West Africa with unique nutritional profiles. Selections 
are being bred for yield and taste in Benin and Kenya, leveraging AOCC and Wageningen resources. This 
research was used as a model for breeding orphan crops and published in Horticulture Research and is 
funded by the Dutch foundation NWO-WOTRO Science for Global Development and the Department of 
Plant Sciences, UC Davis.

Spinach 

Breeding spinach for resistance to downy mildew and low uptake of cadmium
 
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 Koike (UC ANR) and Steve 
Klostermann (USDA/ARS) from Salinas. The program has developed and screened 
45 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. Additionally, Rachel Frank-Greenhut, a master’s student, screened 500 lines 
for low uptake of cadmium in spinach, a problem in some growing areas in California. Ms. Frank-Greenhut 
showed that spinach has a three-to-four fold range in ability to take up cadmium. She identified candidate 
genes and made crosses to introgress the low cadmium uptake trait into advanced lines. This program is 
funded the California Leafy Greens Board with in-kind support by USDA/ARS. A new CDFA grant began in 
November 2017 to extend breeding for organic systems. 

Understanding genetic diversity in spinach 
 
The SBC is working with a consortium through the UC Davis Corporate Affiliate Partnership Program 
(CAPP) to further annotate the spinach genome sequenced with Pacific Biosciences (Menlo Park, CA) and 
to define the genetic diversity in 192 spinach breeding lines using sequencing. This work is to be completed 
in 2018 and will guide plant breeders and research scientists to improve the crop. The analyses are being 
performed by former SBC postdoctoral researcher Amanda Hulse-Kemp (USDA/ARS, NC). Funding was 
received from PopVriend BV, Rijk Zwaan BV, Syngenta and Takii Inc. 
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Seed Physiology and Technology

Molecular mechanisms active in lettuce seed germination

Under a “Genes to Growers” project led by Richard Michelmore at UC Davis and funded by the USDA, 
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 sequencing 
work conducted by former PhD student Fei-Yian Yoong and postdoc Shisong Ma, Dr. Hill is identifying 
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 is identifying the specific mannanase gene family members 
involved in each process and the tissue localization of their expression. The work could eventually result 
in specific modification of genes to prevent thermoinhibition of germination. This work was supported by a 
USDA Specialty Crops Research Initiative grant to Dr. Richard Michelmore on which Kent Bradford is a Co-
Principal Investigator. 

Seed respiratory patterns during germination

SBC researcher Pedro Bello has been testing the capabilities of an instrument, the Astec 
Q2 (www.astec-global.com) (also called 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 have confirmed that characteristics of seed lots detectable 
by respiratory patterns can predict relative emergence performance among lots. Bello has 
developed new ways to analyze these data to reveal the characteristics of blended lots 

that contain multiple seed populations. Studies with 
purposefully blended seed lots confirmed that the 
respiratory patterns can detect and characterize such 
seeds mixtures that contribute to heterogeneity in 
seed lots. Collaborative studies with seed technology 
companies indicate that this method may be useful as 
a seed vigor test while reducing labor costs associated 
with repeated observations of germination over time. 
This research was supported by AgInnovation USA 
and the Western Regional Seed Physiology Research 
Group.

Metabolomics of seed germination

Dominique Ardura (PhD student) worked with both the Kent Bradford Lab and Oliver 
Fiehn of the West Coast Metabolomics Center at UC Davis to analyze changes in the 
small metabolites and lipids that occur during seed germination or dormancy. Dr. Ardura 
measured the respiratory rates of lettuce seeds at various times after imbibition under 
different temperature and hormonal conditions and quantified the amounts of several 
hundred metabolites. Interestingly, oxygen consumption essentially stopped in lettuce 
seeds imbibed at warm temperatures that inhibited germination, indicating that dormant 
seeds can greatly reduce their respiration rates even though hydrated. Specific small 

molecules (e.g., metabolic intermediates), phospholipids and triglycerides (storage lipids) were present in dry 
seeds and changes in their abundance were associated with different stages of germination under optimal 
conditions. These metabolic patterns were altered in characteristic ways by elevated temperature or the 
hormone abscisic acid (ABA) during imbibition. Ardura completed her PhD in March 2017 and is preparing 
this work for publication. This project was supported by the American Seed Research Foundation.
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Seed 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. 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 (www.drychain.org). 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. Mr. Van Asbrouck conducted a scale-up project with seed companies 
in Bangladesh. Companies invested in the Drying Beads and hermetic containers, and provided them to 
their contract seed growers. The growers used these tools to quickly and efficiently dry their seeds (e.g., 
hybrid tomato or pepper and others) and return them with the beads to the contracting company. The seeds 
arrived dry and were then processed and stored in hermetic drums or containers by the seed companies 
while the Drying Beads were reactivated for reuse. This procedure largely prevented loss in germination 
during storage for at least a year, which in the past has been difficult for seed companies in this region 
to achieve. The prevention of quality loss and seed write-off in the first year more than paid for the initial 
investment in drying technology. In addition, we are working with colleagues at UC Davis (Irwin Donis-

Gonzalez, Kurt Kornbluth, Ting Guo, Davide Donadio, and Edward 
Spang) 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. 
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PEOPLE AND PUBLICATIONS
The SBC Research Team 
 
Allen Van Deynze, Amanda Hulse-Kemp, Cris Heitmann, Dominique Ardura, Jareerat Chunthawodtiporn, 
Kent Bradford, Kevin Stoffel, Mohan Niroula, Pedro Bello, Prasad Hendre, Randi Jimenez, Sirisupa (Trent) 
Sripolcharoen, Theresa Hill and Vincenzo Cassibba.  

Long-time researcher Kevin Stoffel leaves the SBC 
 
Kevin Stoffel was the first research associate hired by the SBC, back in 2003. He established the lab with 
Allen Van Deynze in the Plant Reproductive Biology (PRB) building. Kevin not only ordered and organized 
equipment, but set a standard for safety and conduct at the PRB. Over the years, Kevin managed the lab 
and conducted research in the field, greenhouse and lab working on pepper, tomatoes, carrot and spinach.  
He also earned his Masters degree on developing and applying Affymetrix (Santa Clara, CA) Microarray 
technology to create the first ultra-high density genetic map in lettuce still used today. Kevin helped develop 
and apply genotyping and sequencing technology to plants and became an expert at high-molecular weight 
DNA extraction, necessary for today's assays. He managed several 
research projects working with collaborators and is co-author on many 
publications. Kevin trained numerous graduate students and technicians. 
Annually, he supervised interns from high school and undergraduates. 
Kevin is also a great teacher, hosting delegations and K-12 students, 
consistent with the outreach mission of the SBC. Kevin took a position 
closer to home with the UC Davis Medical Center in Sacramento working 
on cancer research.  
 
We thank Kevin for 14 years of service and for helping shape the SBC! 

Scientific Publications by SBC Researchers 

• Vegh, A., Incze, N., Fábián, A., Huo, H., Bradford, K.J., Balázs, E. and Soós, V. 2017. Comprehensive 
analysis of DWARF14-LIKE2 (DLK2) reveals its functional divergence from strigolactone-related 
paralogs. Frontiers in Plant Science 8: 1641. doi: 10.3389/fpls.2017.01641.

• Sogbohossou, E.O.D., Achigan-Dako, E.G., Maundu, P., Solberg, S., Deguenon, E.M.S., Mumm, R.H., Hale, I., 
Van Deynze, A. and Schranz, M.E. 2017. A roadmap for breeding orphan leafy vegetable species: A case 
study of Gynandropsis gynandra (Cleomaceae). Horticulture Research, 5. 2 doi: 10.1038/s41438-017-0001-
2.

• Chunthawodtiporn, J., Hill, T.A., Stoffel, K.M. and Van Deynze, A.E. 2017. Quantitative trait loci (QTL) 
controlling fruit size and other horticultural traits in bell pepper (Capsicum annuum). Plant Genome 
11:160125. doi: 10.3835/plantgenome2016.12.0125.

• Hill, T., Chunthawodtiporn, J., Ashrafi, H., Stoffel, K., Weir, A. and Van Deynze, A. 2017. Regions underlying 
population structure and the genomics of organ size determination in Capsicum annuum. Plant 
Genome. doi: 10.3835/plantgenome2017.03.0026.

• Tchokponhoué, D.A., N'Danikou, S., Hale, I., Van Deynze, A.E. and Achigan-Dako, E.G. 2017. Early fruiting 
in Synsepalum dulcificum (Schumach. & Thonn.) Daniell juveniles induced by water and inorganic 
nutrient management. F1000Research: https://f1000research.com/articles/6-399/v1. 
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PARTNERSHIPS FOR 
THE FUTURE
We can all be plant breeders now –  
Or can we?

and outlets for this research have been limited. 
Some of these have been imposed by the regulatory 
environment of Europe, while other barriers exist due 
to a declining local seed industry and a drive by UK 
supermarkets to hammer down prices as competition 
increases in the fresh produce arena. A recent meeting 
in Europe on phytochemicals from plants exemplifies 
this, where we heard about incredibly exciting research 
on high antioxidant tomatoes of all hues with their 
composition tailored for better health outcomes. Yet 
the commercialization of these products is limited 
and has been a struggle. It seems obvious that such 
produce should be available to consumers in both 
developed and developing countries and fits exactly 
with the concept of breeding not for calories but for 
nutrition. However, these ‘obvious’ early wins from 
plant breeding for enhanced nutritional traits have 
been difficult to deploy in the marketplace. We need 
to be optimistic about the future, but we also need to 
acknowledge that scientists are not necessarily the 
best individuals to take this message to the public, 
to politicians and to those in global governance. 
Partnerships with social scientists and communication 
experts and those who understand behavioral change 
are critical for the coming decades to ensure that the 
public does not see these technologies as exploitative 
or harmful.

A message from Gail Taylor 

Arriving from the United Kingdom to take over as 
Chair of Plant Sciences at UC Davis has provided a 
good opportunity to reflect on where different global 
communities are with respect to new technologies and 
likely futures for plant breeders. There has rarely been 
a more exciting time to be a plant scientist, and with 
the promise of CRISPR-Cas9 and other gene editing 
technologies, surely we can all be plant breeders now? 
We can work in non-model crops, we can sequence 
multiple genomes at a fraction of previous costs, and 
we have a database of candidate genes from several 
decades of work on Arabidopsis that can be readily 
adapted for crops. Coupled with this, we are gaining 
new insights into the ways that plants interact with 
their associated microbiomes that can be harnessed in 
future to deliver better health outcomes for crops and 
humans. Plants can be used as sources of vaccines and 
medicines and to produce aviation fuels and plastics of 
the future. At the same time, machine learning and the 
development of computational and modelling abilities 
can be deployed to quantify complex phenotypes and 
to link these to specific genotypes to inform future 
breeding. 

But in practice, science moves more slowly. In the 
UK, for example, basic plant science is strong and is 
developing innovative solutions for new technological 
approaches to breeding, but the links to industry 

Gail Taylor 
Chair, Department of Plant Sciences 
University of California, Davis
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1Prathapan, K.D., R. Pethiyagoda, K.S. Bawa, P.H. Raven and P.D. Rajan. 2018. When the cure kills—CBD limits biodiversity research. Science 360: 
1405-1406. doi:10.1126/science.aat9844; Quick, J., N.J. Loman, S. Duraffour, J.T. Simpson, E. Severi, L. Cowley, et al. 2016. Real-time, portable 
genome sequencing for Ebola surveillance. Nature 530: 228-232. doi:10.1038/nature16996; https://wellcome.ac.uk/sites/default/files/the-use-of-
digital-sequence-information-on-genetic-resources.pdf.

We need to ensure that future innovation and novelty 
in breeding for tailored traits is accelerated, but the 
acquisition of knowledge for the benefit of a global 
society may also be hampered inadvertently by 
the latest protocol of the Convention on Biological 
Diversity (CBD). The goal of the Nagoya Protocol is well 
intentioned – that sovereign countries benefit from 
any exploitation of their indigenous genetic resources, 
so that biodiversity may be preserved for future 
generations. However, the wide-scale implications of 
this treaty for future plant breeding and the ability to 
do science in a timely fashion are significant. Even 
though the US has not signed the CBD or the Nagoya 
Protocol, more than 100 countries around the world 
have done so, and the activities of US researchers are 
still impacted. 

An outstanding example of the achievements in Plant 
Sciences at UC Davis over the decades is the Charles 
M. Rick Tomato Genetics Resource Center. For more 
than 60 years, C.M. Rick exercised his passion for 
searching out the most interesting sources of wild 
tomato seed, from high Andes in Peru and Chile to 
the Galapagos Islands. Such activities have benefitted 
society widely, as well as having commercial impact, 
but the Nagoya Protocol changes the way we can 
do things in the future. Obtaining any plant matter, 
including cells, seeds and whole organisms, such as for 
conservation, pre-breeding, chemical extractions and 
analysis (bio-prospecting), and exchange of materials, 
are all subject to the treaty. In theory the protocol 
can be justified – few individual researchers would 
object to this sharing of benefits and even commercial 
players understand the importance of the concept and 
support conservation of biodiversity. But in practice 
this becomes a logistical headache as the scope of 
the protocols is so broad and the requirements placed 
on researchers so onerous. The current director of 
the Tomato Genetics Resource Center, Dr. Roger 
Chetelat, now finds it virtually impossible to continue 
his explorations and collections in the areas of natural 
diversity of tomato and its relatives. As a result, novel 
genotypes are being lost to ongoing development. 

‘Benefits’ as defined by the protocol include both 
monetary and non-monetary benefits. The former 
are relatively easy to identify and include intellectual 
property, licences and payment for samples, but 
defining the latter can be problematic, i.e., benefits from 
research, training, and access to scientific information. 
To many of us, this just sounds like the international 
scientific collaboration we have all had over many 
decades, but in future these indirect benefits must be 
documented. Even more concerning is a recent move 
to include DNA sequences from plants and animals, 
or “digital sequence information”, under the scope 
of the Nagoya Protocol. This would greatly restrict 
the ability of researchers around the world to use 
the rapidly expanding global databases of genome 
sequences not only for breeding, but for other scientific 
uses such as taxonomy or fighting disease outbreaks1.  
An unintended consequence may be that in such 
a bureaucracy, research advances are impeded, 
particularly when time and money are limited.  

So – can anyone be a plant breeder in future? Perhaps. 
But moving forward, the outstanding opportunities to 
enable improved use of plants for the future must be 
harnessed, and the challenges of Nagoya overcome 
through collaborative efforts across academia, industry 
and nations. Given the predictions for future climates, 
latest research tells us that we won’t fix these issues 
without technology innovation. Here in the Seed 
Biotechnology Center and Plant Sciences, we are in a 
great place to make that happen as long as our efforts 
are not unduly restricted.

Gail Taylor 
Chair, Department of Plant Sciences 

University of California, Davis
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