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CONFERENCE PROGRAM

Sunday, August 30", 2026

Muir Woods Tour & The Presidio Lunch

Time Activity Location

7:00 - 8:45 Breakfast on your own

8:45-9:00 E:nz;/rg?f;rl::/als may miss the bus) rotertohy

9:00 ?vtlastteera;ne; coffee provided for bus ride) Hotel driveway
10:00-13:30 Muir Woods & The Presidio visits

14:30 Arrive at hotel from tour Hotel driveway
14:30-16:00 CGC Meeting Yerba Buena
15:00-17:45 AAIC Board Meeting Treasure
17:30-18:30 Registration Bayview Ballroom
18:00 -20:00 AAIC Welcome Reception Bayview Ballroom




Monday, August 315, 2026
Plenary Session
Room: Angel/Belvedere

7:00-8:00 Registration
8:00-8:15 AAIC Welcome, Grisel Ponciano, AAIC President
Moderator: Grisel Ponciano
Time Speaker Title Pg.
#
8:15-8:45 Jay Keasling, UC Berkeley Rewriting plant chemistry in 2
professor Chemical yeast: Securing the supply of life-
Engineering & saving medicines
Bioengineering; CEO Joint
BioEnergy Institute
8:45-9:15 Steven Evans, BioMADE Leveraging BioMade to enable 3
Technology & Innovation bio-based technology
Program Manager development in the Bay Area and
beyond
9:15-9:45 Roger Thilmony, USDA-ARS- | Molecular tools forimproved crop | 4
WRRC Molecular Biologist, biotechnology
Crop Improvement &
Genetics
9:45-10:15 Coffee Break
10-15-10:45 Chris Schlies, Sandy Bend California farmers and scientists: 5
Vineyard, Lake County, CA a win-win symbiosis
10:45-11:15 Jonn Foulk, USDA-ARS . . . . 6
. Bioindustrial Pipeline: Powering
National Programs, NP306: .
. U.S. Innovation and
Product Quality and New .
Manufacturing
Uses
11:15-11:45 Q/A & Final Remarks
12:00- 13:00

Lunch- Bayview Ballroom




Natural Rubber & Resin Division |

Division Chair: Manuel Carmona

Room: Angel/Belvedere

Time Speaker Title Pg
H#
13:00-13:10 | Introduction Manuel Carmona
Keynote Building a U.S. domestic rubber 8
13:10-13:40 speaker: future: innovation, agriculture, and national
McMahan resilience
Ensuring the safety and availability of the USDA 9
guayule and cactus collections at the national
13:40-14:00 Packer arid lands plant genetic resources unit: an
update on their current condition and renewal
efforts.
Characterization of two guayule (Parthenium 10
14:00-14:20 | Grace Chen argentatun? A. Gray) clones part ll: rub‘b.er
accumulation, rubber transferase activity, and
gene expression under low-temperature
‘ Agile processing of guayule biomass for market 11
14:20-14:40 | Kornfield responsive latex, resin and rubber
In a pinch: efficient guayule stembark removal 12
14:40-15:00 | Premnath* without disrupting bark structure
15:00-15:30 Coffee Break
15:30-15:50 Readi-Brown* Strategies for guayule reS|r'1 extraction: off the 13
plant to two-phase extraction
15:50-16:10 Miiller Extracting out of order: resin-first then latex form 14
guayule bark
16:10-16:30 Palu Guayule (Parthenium argentatum Gray) supply 15
chain: where are we now?
First genome assembly of Parthenium
16:30-16:50 Gonzalez-Garcia | tomentosum provides insights into the 16
hybridization of high-rubber-yielding guayule
18:00 Dinner on your own

Numbers on the right column are the page numbers in which the abstract is located.
*Student presentation. ** Student travel award.




Tuesday, September 1%, 2026

Concurrent Sessions
Natural Rubber & Resin/ Medicinal & Nutraceuticals

Natural Rubber & Resin Division Il

Division Chair: Manuel Carmona

Room: Belvedere

Time Speaker Title Pg
#
Environment and genotype shape rubber 17
8:00-8:20 Chen Dong biosynthesis regulation in guayule: insights
from transcriptome network analysis
Transcriptomic and metabolomic insights 18
8:20-8:40 Phan into drought-enhanced rubber production in
guayule
Genome-wide identification and structural 19
, characterization of the terpene synthase
8:40-9:00 Garcia-Cano™ (TPS) gene family in guayulloe (Parl}lhenium
argentatum A. Gray)
9:00-9:20 Zalacain Relevar'me of high molecular weight natural 20
rubber in guayule leaf
9:20-9:40 Cornish Phenotypic ch.aracterizat'ion of the USDA 21
rubber dandelion collection.
9:40-10:10 Coffee Break
Too dense or too sparse? Sowing density 22
10:10-10:30 Thiele drives the rubber accumulation in rubber
dandelion (Taraxacum kok-saghyz)
Investigating molecular interactions of small | 23
10:30-10:50 Ponciano rubber particle protein 1 from Hevea (Hevea
brasiliensis Mull. Arg.) with phospholipids
Developmental regulation of natural rubber 24
10:50-11:10 Dae-Kyun Ro biosynthesis through MYC2 regulatory
network in lettuce laticifers.

. . Rubber & Resin Division meeting
11:10-11:45 Division Chair: Manuel Carmona
12:00-13:00 Lunch Bayview ballroom
13:00-14:30 Poster session Room: Yerba Buena
14:45-17:30 Conference Excursion: USDA-ARS-WRRC
18:00 Dinner on your own

Numbers on the right column are the page numbers in which the abstract is located.

*Student presentation. ** Student travel award




Medicinal & Nutraceutical Plants Division
Division Chair: Laura De Martino

Room: Angel

8:00-8:10 Introduction Laura De Martino
Ecophysiological insights and 26
Keynote speaker: biotechnological potential of ‘Kristinka’
8:10-8:40 . ) . . .
Grulova peppermint for sustainable industrial
applications
Carnosic acid and beyond: unlocking the 27
8:40-9:00 Vogelgsang bioactive potential of rosemary under
central European conditions
9:00-9:20 Schnabel New pioactive compounds from rosemary | 28
—notjust for baked potatoes!
Natural product-based sprout control 29
9:20-9:40 Zheljazkov solutions for potato industry; advances
and commercial potential
9:40-10:10 Coffee Break
Layer-by-layer edible coatings with 30
10:10-10:30 | Carrillo-Lomeli Flourensia microphylla extract for
antifungal protection and shelf-life
extension of cherry tomatoes
10:30-10:50 Salamon Diver§ity of chamqmilt'e,'Matricgria 31
recutita L., essential oil in Ukraine
10:50-11:30 Medicin.al. & Nutrac.euticals Division. Meeting
Division Chair: Laura De Martino
12:00-13:00 Lunch Bayview Ballroom
13:00-14:30 Poster Session Room: Yerba Buena
14:45-17:30 Conference Excursion: USDA-ARS-WRRC
18:00 Dinner on your own

Numbers on the right column are the page numbers in which the abstract is located.
*Student presentation. ** Student travel award




Wednesday, September 29, 2026

Concurrent Sessions
Oilseeds Division/ Fiber & Cellulosics

Oilseeds Division
Room: Belvedere

Division Chair: James V. Anderson

8:00-8:10

Introduction

James V. Anderson

8:10 - 8:40

Keynote Speaker:
Hughes

The promise, progress, & potential of
sustainable aviation fuels (SAF)

33

8:40-9:00

Phippen

From wild species to commercial crop:
scaling pennycress for industrial oilseed
markets and renewable fuels

34

9:00-9:20

Gesch

Optimizing domestic pennycress
seeding rate

35

9:20-9:40

Chen, Chengci

Evaluating Camelina sativa germplasm
for biofuel feedstock production in low
nitrogen input environment

36

9:40-10:10

Coffee Break

10:10-10:30

Eberle

Relay cropping winter camelina with
chickpea, sunflower, and safflower

37

10:30 - 10:50

Zanetti

Harvesting strategies to early camelina
harvestin intermediate cropping

38

10:50-11:10

Mastroberardino

The hidden cost of salinity tolerance in
Camelina sativa: root ion homeostasis
and reproductive trade-offs

39

11:10-11:30

Boote

Adapting the CSM-CROPGRO model to
simulate growth and yield of camelina, a
unique oilseed crop

40

12:00- 13:00

Lunchtime AAIC Business Meeting (Bayview Ballroom)

Grisel Ponciano- President AAIC

Oilseeds Division
Room: Belvedere

13:00-13:20

Eynck

All roads also lead elsewhere: functional
allelic variation at CSA.FLC.C20 revises
the genetic model of flowering time in
Camelina sativa

41

13:20-13:40

Sthapit Kandel

Genetic diversity and association
mapping of flowering time in a Camelina
sativa panel

42










Poster Session
Tuesday 13:00-14:30 September 2", 2026
Room: Yerba Buena

RUBBER AND RESINS

p. #

Cornish

Scorzonera tau-saghyz, an alternative source
of natural rubber and a promising industrial
crop

60

Chaudhari**

Comparative microstructure cataloging and
current research status of guayule

61

Dent**

Hidden seed quality constraints influence early
establishment in guayule

62

Palu

Development and adaptation of guayule
(Parthenium argentatum A. Gray) in semi-arid
Kenya: a collaborative approach to value chain
creation

63

Carmona

Effect of carbon-based foliar biostimulants on
resin and rubber production in guayule
Parthenium argentatum A. Gray): implications
for carbon partitioning under semi-arid
conditions

64

Aviles Noriega

Comparative regeneration of guayule
(Parthenium argentatum A. Gray) using leaf
segments and flower bud explants

65

Cruz

Impact of storage and preservation methods on
flow cytometric ploidy estimation in guayule

66

Chan

Molecular and biochemical characterization of
guayule (Parthenium argentatum Gray) cis-
prenyltransferases

67

Martinez

Molecular characterization and cloning of
guayule (Parthenium argentatum Gray) small
rubber particle protein isoforms

68







26

Morin**

Performance comparisons of hybrid and open-
pollinated hemp for grain, dual-purpose, and
fiber cultivar types

87

27

Zanetti

Winter carinata as intermediate crop for
Sustainable Aviation Fuels (SAF) production

88

28

Sthapit-Kandel

Assessing genetic diversity and freezing
tolerance in camelina species

89

FIBER AND CELLULOSICS

29

Verma*

Composites with cellulosic crops: methods to
blend algae and latex

91

30

Fernando

Feasibility of nanolignin and nanocellulose
production from sorghum and hemp cultivated
in contaminated soils

92

GENERAL CROPS

31

Hojilla-Evangelista

Efficacy of ethanol blended with alkali for
producing sorghum protein with improved
functional properties

93

32

Criollo

Repurposing agricultural residues into
sustainable natural fiber polymer composites
through VARTM

94

33

Alexopoulou

Industrial crops for the phytomanagement of
contaminated and saline soils and the
development of biobased value chains

95

34

Fernando

Potential and limitations of low ILUC industrial
crops cultivated on marginal soils for the bio-
based industries

96

Numbers on the right column are the page numbers in which the abstract is located.

*Student presentation. ** Student travel award




ABSTRACTS

Plenary Session

Moderator: Grisel Ponciano

President AAIC



REWRITING PLANT CHEMISTRY IN YEAST: SECURING THE SUPPLY OF LIFE-
SAVING MEDICINES

Jay Keasling

Department of Chemical & Biomolecular Engineering, University of California, Berkeley
Berkeley, CA

Plants produce many of the world’s most important medicines, including anticancer agents,
vaccine adjuvants, and other highly complex natural products. Unfortunately, these molecules are
often available only in trace amounts from slow-growing or geographically constrained plants,
making their supply fragile, expensive, and difficult to scale. Synthetic biology provides a
complementary solution: rebuilding plant biosynthetic pathways in microbial hosts to enable
reliable and sustainable production. In this talk, I will describe our long-standing efforts to refactor
complex plant natural product pathways into Saccharomyces cerevisiae, effectively transforming
yeast into a platform for the manufacture of life-saving medicines. By reconstructing long,
multistep pathways that span terpene, alkaloid, glycosylation, and polyketide chemistry, we have
shown that yeast can support dozens of heterologous enzymatic reactions starting from simple
carbon sources. Achieving this requires extensive rewiring of host metabolism to balance
precursor supply, redox chemistry, cofactors, pathway flux, and enzyme compatibility. As case
studies, I will highlight the microbial biosynthesis of monoterpene indole alkaloids related to
vinblastine and triterpene saponins related to the vaccine adjuvant QS-21. These pathways
represent some of the longest and most chemically sophisticated ever reconstructed in a
microorganism, involving large numbers of plant cytochrome P450s, glycosyltransferases, and
polyketide synthases. Beyond reproducing natural products, this work enables diversification.
Enzyme promiscuity, pathway modularity, and engineered precursor pools provide access to
families of analogues that are difficult or impossible to obtain from plants or chemical synthesis
alone. Together, these advances position engineered yeast as both a scalable manufacturing
platform and a powerful engine for expanding the chemical space of medically important natural
products.

Contact: Jay Keasling, Department of Chemical & Biomolecular Engineering, University of
California, Berkeley, Berkeley, CA, 94710. Email: jdkeasling@lbl.gov.



mailto:jdkeasling@lbl.gov

LEVERAGING BIOMADE TO ENABLE BIO-BASED TECHNOLOGY DEVELOPMENT IN
THE BAY AREA AND BEYOND

Steven Evans
BioMADE, Emeryville, CA

It’s estimated that up to 60% of products in the global supply chain can be produced using biology
—ranging from textiles, plastics, critical minerals, fertilizers, food ingredients, and so much more.
But, biomanufacturing scale-up of such products have long faced challenges that delay product
launch and can limit product application. Companies developing bio-based technologies often face
prohibitively expensive cost of goods and lack ready access to biomanufacturing facilities to scale-
up, adversely impacting product commercialization. That’s where BioMADE comes in.
BioMADE and its network of over 300 members across 40 states are strengthening American
competitiveness, creating a more resilient supply chain, reshoring manufacturing jobs, producing
biobased products without relying on foreign inputs, and building a globally competitive 21st
century workforce. BlIoMADE is also launching a Pilot Plant Network of critically needed pilot-
scale bioindustrial manufacturing facilities that will propel products out of the lab and into the
commercial and defense markets. BioMADE was catalyzed by the U.S. Department of Defense in
October of 2020 and is a proud member of Manufacturing USA®. BioMADE members are leading
the transformative bioindustrial manufacturing industry in the U.S. Together, BlioMADE members
are developing new products and technologies, increasing domestic bioindustrial manufacturing
capacity, and creating a more resilient domestic supply chain. Members benefit from opportunities
to build relationships with industry leaders from 300+ member organizations, apply for project
funding, attend events, manufacture at forthcoming state-of-the-art pilot- and demonstration-scale
facilities, access industry resources and roadmaps, and more. In recent years, California-based
members have collaborated with BioMADE to develop technologies that advance the domestic
bioeconomy. These wide-ranging technologies span from building predictive artificial intelligence
model for protein production to scaling up biomanufacturing of low-cost oil production, and
developing biomass reutilization fermentation processes in industrial biotechnology. This
presentation will highlight how BioMADE helps bio-based technologies scale faster and more
economically. Organizations can leverage BioMADE to connect, collaborate, and innovate to
reduce barriers to commercialization.

Contact: Steven Evans, BioMADE, Emeryville, CA, 94608. Phone: 317-914-2318, Email:
sevans(@biomade.org



mailto:sevans@biomade.org

MOLECULAR TOOLS FOR IMPROVED CROP BIOTECHNOLOGY
Roger Thilmony
USDA-ARS-WRRC, Crop Improvement and Genetics Research Unit, Albany, CA

Genetic engineering and genome editing provides a powerful means for creating genetically
improving crops with novel and desirable traits but can benefit from the development of more
capable molecular tools that are highly functional within the plant species of interest. We have
developed a gene stacking system called GAANTRY that enables the precise and robust stacking
of ten or more genes into plants. Results will be presented where stacked constructs greater than
25 kilobases generated high-quality transgenic plants. We have also identified optimal promoters
for conferring strong expression of CRISPR editing components and show that they can be used
to rapidly generate knockouts of the targeted gene in 84% of the recovered grapevine plants.
Characterization of the introduced and edited phenotypes in the plants generated and molecular
analysis of the integrated stacked constructs including transgene copy number measurements using
droplet digital PCR will be presented. These novel molecular tools will provide a simple, precise
and highly capable means for building transgene stacks and efficiently generating genome edited
plants.

Contact: Roger Thilmony, USDA-ARS-WRRC, 800 Buchanan Street, Albany, CA, 94710. Phone:
510-559-5761 Email: roger.thilmony(@usda.gov.



mailto:roger.thilmony@usda.gov

CALIFORNIA FARMERS & SCIENTISTS: A WIN-WIN SYMBIOSIS
Chris Schlies
Sandy Bend Vineyard, Lake County, CA

Family based agriculture production in California presents many ongoing challenges. A short list
includes health consciousness and environmental regulations, disease, climate change and shifting
crop seasons, dwindling labor force resources, regulations, tariffs and market changes, wildfires
and water. As a producer of almonds, wine grapes, and citrus (until recently), I will address these
issues from our experience. Further, the vibrant symbiosis between California growers and the
scientific community is critical for developing valuable innovations and approaches to our
problems. Examples will be provided of the University’s research response to evolving issues,
including our experience working with agricultural advisors from the University of California
Cooperative Extension (UCCE) and how they transfer the latest science into the field. Another
jewel for farmers, the University of California Integrated Pest Management (UC IPM) will also be
highlighted.

Contact: Chris Schlies, Email: chris@sandybendvineyard.com



mailto:chris@sandybendvineyard.com

BIOINDUSTRIAL PIPELINE: POWERING U.S. INNOVATION AND MANUFACTURING
Jonn Foulk
USDA-ARS National Programs, Beltsville, Maryland

The next decade will determine how US agriculture contributes to a rapidly expanding global
bioeconomy. Environmental pressures, Al, geopolitical uncertainty, rapid advances in
biotechnology, and rising demand for sustainable, high-performance products are reshaping how
materials, chemicals, and energy are produced. To remain competitive, agriculture must evolve
from a traditional production system into a strategic platform for innovation, manufacturing, and
national resilience. USDA ARS is building this platform through long-term research, technology
development, and coordinated leadership. National Program 306 (Product Quality and New Uses)
symbolizes this mission, advancing industrial oilseeds, fiber and cellulosic crops, medicinal and
nutraceutical plants, natural rubber and resins, and other industrial crop systems. Research spans
novel fatty-acid profiles, advanced fiber crops, bioplastics and nanocellulose, and value-added
products derived from agricultural residues that are creating new economic pathways across rural
and industrial sectors. Product Quality and New Uses delivers technologies that improve product
quality, unlock new uses for agricultural feedstocks, and reduce commercialization risk. By
integrating discovery science with application and market relevance, Product Quality and New
Uses strengthens the foundation for renewable materials, fuels, chemicals, foods, and
manufacturing systems. This approach involves linking genetics, traits, quality, processing, and
end use thereby ensuring innovations are scalable, economically viable, and aligned with the needs
of growers, manufacturers, and consumers. Examples across the portfolio demonstrate this vision:
crops bred for specific performance attributes, processing technologies that reduce waste and open
new markets, and bioindustrial feedstocks designed to replace petroleum-derived inputs. These
advances gain momentum through a national ecosystem of partners across federal science,
industry, academia, and production agriculture, accelerating the movement of breakthrough
discoveries into real-world technologies. As the bioeconomy grows, coordinated investment and
strategic leadership are essential to ensure new crops and products are competitive, sustainable,
and accessible across the supply chain. The future requires transformation that involves
modernizing supply chains, accelerating rural growth, and putting agriculture at the heart of
advanced manufacturing and circularity. U.S. agriculture is poised as a new industrial ecosystem
in which crops are designed for function, products are engineered for performance, and
sustainability is foundational. Product Quality and New Uses provides the national research
framework to drive this future and ensure that America’s industrial crops and biobased products
remain innovative, resilient, and globally competitive.

Contact: Jonn Foulk, USDA-ARS National Programs, George Washington Carver Center,
Beltsville, Maryland 20705. Email: jonn.foulk@usda.gov.



mailto:jonn.foulk@usda.gov

ABSTRACTS

Rubber & Resin Division

Division Chair: Manuel Carmona



BUILDING A U.S. DOMESTIC RUBBER FUTURE:
INNOVATION, AGRICULTURE, AND NATIONAL RESILIENCE

Colleen McMahan' and W. Goldner?

'"USDA-Agricultural Research Service, Albany, CA, USA
2USDA-National Institute of Food and Agriculture, Washington, D.C. USA

Natural rubber, a “Critical Agricultural Material” underpins national security and the global
economy. The United States (U.S.) produces no natural rubber. The last 15 years have brought
a rapid surge in attention and investment toward building a domestic natural rubber supply
in the U.S. This momentum has been fueled by collaborative public—private partnerships that
link federal programs with U.S. industry. A summary of these programs—and the impacts they
have generated—will be shared. Target rubber-producing crops, well known to the AAIC
Community, are guayule (Parthenium argentatum G.) and rubber dandelion (Taraxacum kok-
saghyz), although industrial development in rubber production from sunflower (Helianthus
annulus) is potentially part of the U.S. rubber crop portfolio. Specific actions taken by the United
States Departments of Agriculture, Energy, Homeland Security, and Defense have been
particularly impactful, and their key accomplishments will be highlighted. Broadening of
national interests led to the Biomass Research and Development Board Operations Committee
creation of a Domestic Natural Rubber Interagency Working Group in 2023.

Contact: Colleen McMahan, United States Department of Agriculture, Agricultural Research
Service, Western Regional Research Laboratory, Albany, CA U.S.A. 94710, Tel: 330-412-3660,
E-mail: colleen.mcmahan@usda.gov



mailto:colleen.mcmahan@usda.gov

ENSURING THE SAFETY AND AVAILABILITY OF THE USDA GUAYULE AND
CACTUS COLLECTIONS AT THE NATIONAL ARID LANDS PLANT GENETIC
RESOURCES UNIT: AN UPDATE ON THEIR CURRENT CONDITION AND RENEWAL
EFFORTS.

Daniel Packer' and C Heinitz!
'"USDA ARS National Arid Lands Plant Genetic Resources Unit, Parlier, CA, USA

To provide U.S. agriculture with ready access to quality genetic resources of arid-adapted and
industrial crops, the USDA National Arid Lands Plant Genetic Resources Unit in Parlier, CA
maintains and distributes a public germplasm collection of over 1100 accessions from 130 taxa,
including the USA’s only public collections of guayule (Parthenium argentatum A. Gray) and
cactus pear (Opuntia Mill.). Guayule provides a high-quality domestic source of natural rubber
for industrial and medical applications and cactus pear is a multi-purpose crop with uses ranging
from food and fodder applications to biofuels feedstocks. Interest in both of these crops is growing
to serve as substitutes for imported materials and to provide agricultural producers in water-limited
and heat-stressed environments with high-value cropping options. Many of the unique NALPGRU
accessions of these crops currently have limited availability for public distribution due to aging
field and seed collections, disease, and the need for improved management systems. These
conditions greatly restrict the utility of these collections to research and agriculture, and here we
report on the initiation of a multi-year effort to secure the long-term safety of these collections and
restore their availability for research and distribution. These efforts include quantifying the current
condition and safety of these collections, the establishment of new field, greenhouse, and seed
collections, addressing plant health concerns, and developing new management systems and
protocols to improve the services and materials the NALPGRU provides to U.S. science and
agriculture.

Contact: D. Packer, USDA ARS National Arid Lands Plant Genetic Resources Unit. 9611 S.
Riverbend Ave., Parlier, CA 93648. USA.



CHARACTERIZATION OF TWO GUAYULE (Parthenium argentatum A. Gray) CLONES
PART II: RUBBER ACCUMULATION, RUBBER TRANSFERASE ACTIVITY AND GENE
EXPRESSION UNDER LOW-TEMPERATURE

Grace Chen', Grisel Ponciano!, Kumiko Johnson', Chen Dong'-?, Joel Martinez', Victor Chan',
Colleen McMahan', David Horvath?, Barbara Dobrin®, Von Mark V. Cruz’, James V.
Anderson®, Hussein Abdel-Haleem®, Katrina Cornish*, and Andrew Nelson?

'USDA, Albany CA;*Boyce Thompson Institute, Ithaca, NY; *USDA, Fargo ND; “USDA,
Maricopa, AZ; >Bridgestone Americas, Inc., Eloy, AZ

Guayule (Parthenium argentatum A. Gray), a shrub native to the southwestern United States and
northern Mexico, is a source of natural rubber and other valuable products. A guayule seedling,
G-7-11A, was isolated from G-7-11 currently known as the registered germplasm AZ-2
(Accession PI 599675). Another guayule seedling, AZ-2-D was isolated from the newer seed lot
of AZ-2. Leaves of G-7-11A are traditionally used for Agrobacterium-mediated transformation
whereas, AZ-2-D was observed to exhibit greater shoot propagation efficiency, thus it provided
abundant material and was used in genome sequencing. We have previously described the
morphological and growth phenotypes of clones of AZ-2-D and G-7-11A grown in a greenhouse,
including plant size and weight, leaf size and trichome density, and peduncle (or florescence)
production, and rubber particle size. Briefly, AZ-2-D plants were significantly taller and produced
fewer peduncles than G-7-11A. AZ-2-D also produced more biomass than G-7-11A. In this report,
we compared important traits such as rubber content, rubber transferase activity, and gene
expression of stems collected from plants grown in a greenhouse (room temperature control, 24°C,
11 h light 900-1600 pmol'm?-s') and low-temperate growth chambers (11 h light 500-600
pumol-m2-s' /15 °C, 13 h dark / 10 °C) for three months (9-mo-old to 12-mo-old). Statistical
analyses revealed the followings: 1) AZ-2-D had higher rubber content than G-7-11A (1.4-fold, P
< 0.01) at 24°C and also under cold treatment (1.1-fold, P < 0.01), but neither line accumulated
significantly different amounts of rubber under the two temperature regimes; 2) G-7-11A produced
more resin than AZ-2-D only in cold-treated samples (1.2-fold, P < 0.05); 3) rubber quality
analysis indicated that there is no statistical difference between G-7-11A and AZ-2-D under the
two temperature regimes; 4) rubber transferase activity was higher in cold-treated samples than
controls in AZ-2-D (2.2-fold, P < 0.05) but not in G-7-11A, AZ-2-D had higher activity than G-
7-11A under the cold conditions (1.6-fold, P < 0.01); and 5) plant regulomics analysis revealed
many ontologies associated with photosynthesis and osmotic stress between samples under 24°C
and cold treatment in both genotypes, additionally, over-represented promoter motifs were also
identified, which are useful for genetic engineering of guayule. As AZ-2-D exhibited improved
performance in many traits, it merits future investigation in replicated field trials.

Contact: Grace Chen, U.S. Department of Agriculture, 800 Buchanan St. Albany CA 94710 USA.
Tel: 510-559-5627. E-mail: gchen97@gmail.com

10



AGILE PROCESSING OF GUAYULE BIOMASS FOR MARKET RESPONSIVE LATEX,
RESIN AND RUBBER

Siddharth Premnath!, Florence Muller!, Soudabeh Saeid!, Zoe Readi-Brown', Katrina Cornish?,
Jody Scott®, and Julia A. Kornfield!

ICalifornia Institute of Technology, Pasadena, CA, USA
2US Arid Land Agricultural Research Center, Maricopa, AZ 85138, USA.
3General Farm manager, Santan Valley AZ 85143, USA

To buffer global natural rubber (NR) crises, industrial NR producing crops and processing
facilities must be profitable at small scale for high value products so they can rapidly scale up
in response to spikes in NR prices. Guayule is an attractive candidate for such a crop as it affords
medical latex with a much higher value (>$5/kg NR content) than solid rubber (<$2/kg NR) and
bioactive compounds in the resin for pharmaceutical and agricultural applications that could
have value much greater than medical latex. Here, we focus on methods to extract these two
products efficiently while mitigating contamination (including cross-contamination between
them) toward the goal of making guayule profitable for farmers and processors, even when the
global NR price is low. We aim to develop a process which is both scalable and agile, so it can
respond to fluctuating market conditions. For extraction of guayule natural rubber latex (G-
NRL), guayule biomass must be processed fresh, so we envision bringing the processing plant
to the site being harvested. Two examples illustrate compact, low residence time processes that
are compatible with the concept of mobile processing facilities designed for production of both
resin and latex. The first example is a rapid process to separate bark from pith without disrupting
resin canals. The second example is a process to extract resin from intact resin canals prior to
aqueous extraction of G-NRL Although laboratory data has been obtained in batch mode, the
methods are designed for implementation as continuous processes with operating conditions that
can be adjusted to optimize the ratio of resin to latex produced in response to current prices. By
bringing processors and farmers together, mobile processing units could make guayule
profitable for both.

Contact: Julia Kornfield. California Institute of Technology, Pasadena, CA, USA E-mail:
kornfield@cheme.caltech.edu.
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IN A PINCH: EFFICIENT GUAYULE STEMBARK REMOVAL WITHOUT
DISRUPTING BARK STRUCTURE

Siddharth Premnath

Guayule (Parthenium argentatum A. Gray) is a promising domestic source of natural rubber, but
scalable latex and resin recovery remains limited by the difficulty of physically opening the stem
before extraction. Current laboratory preparation methods often rely on manual peeling, which is
labor intensive and difficult to standardize. This work investigates rolling as a mechanical
preprocessing strategy to remove guayule stembark in a more controlled and scalable manner. The
objective of this study was to identify the geometric and mechanical conditions that govern
successful rolling-based stembark removal. Guayule stems were passed through rollers at
controlled gaps, and each stem was characterized by stem diameter, pith diameter, bark thickness,
roller gap, and separation outcome. Outcomes were classified into operating regimes ranging from
no visible removal to partial removal, successful stembark removal, and pith crushing. These data
were used to construct operating maps relating stem geometry and roller gap to the observed
debarking behavior. Complementary transverse compression experiments were used to quantify
the mechanical response of the stem and to identify the force-displacement region associated with
bark opening versus core crushing. Rolling produced a clear geometry-dependent operating
window in which stembark could be removed while avoiding excessive damage to the inner stem.
Successful removal depended not only on the absolute roller gap, but also on the relationship
between the roller gap, pith diameter, stem diameter, and bark thickness. These results suggest that
rolling can be treated as a tunable mechanical preprocessing step rather than a simple crushing
operation. The resulting operating maps provide a practical framework for translating laboratory-
scale rolling into a scalable unit operation, where roller gap and feedstock sorting could be adjusted
based on stem geometry. This work demonstrates that controlled rolling is a promising front-end
preprocessing method for guayule. By replacing manual peeling with a tunable mechanical
process, rolling could improve throughput, standardize stembark preparation, and create more
consistent feedstock for downstream latex and resin extraction. More broadly, this approach
provides a path toward integrating mechanical preprocessing into guayule biorefinery
development, where stem opening is treated as a controllable step in the recovery of rubber, resin,
and lignocellulosic co-products.

This material is based upon work supported by the U.S. National Science Foundation under
Cooperative Agreement No. 2330145. Any opinions, findings and conclusions or
recommendations expressed in this material are those of the author(s) and do not necessarily
reflect the views of the U.S. National Science Foundation.

Contact: Siddharth Premnath, Caltech, siddharth(@caltech.edu
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STRATEGIES FOR GUAYULE RESIN EXTRACTION: OFF THE PLANT TO TWO-PHASE
EXTRACTION

Zoe Readi-Brown!, Siddharth Premnath!, Florence Miiller!, and Julia Kornfield!

!California Institute of Technology

Guayule (Parthenium argentatum) produces and stores latex and resin in its stems, which have
the potential as high-value products (>$5/kg). Historically, the focus of research on product
extraction has been solid rubber (~$2/kg). Extraction methods for higher-value products have
generally prioritized the preservation of latex, as the latter is generally considered to have higher
value than resin. Driven by the overarching goal of making guayule farming profitable, our group
has recently developed a two-phase extraction method that preserves the latex during the resin
extraction step before further processing for latex recovery. In contrast to the black, tarry ‘resin’
obtained by prior latex extraction methods, the present resin-then-latex extraction provides
guayule resin as a nearly colorless product that resembles resin collected from the exterior surface
of the stems. The relatively simple mixture with minimal evidence of oxidation during extraction
may make it an attractive starting material for several industrial applications, while minimizing
the contamination of resin in the extracted latex. Guayule resin includes triterpenoids,
sesquiterpene esters, polyphenols, and other natural compounds that, if separated, have potential
value in agricultural, cosmetic, and pharmaceutical industries. Here, we present the quantification
and preliminary characterization of resin extracted via our two-phase extraction method. Further,
we quantify and characterize extractable material in the bagasse after latex extraction and from
the xylem and pith separated from the bark prior to extraction. We compare the distribution of
compounds in each of these resin sources using gravimetric analysis, TLC, LCMS, and
preliminary separation procedures using column chromatography, various solvent-solvent
extractions, and crystallization.

Contact Zoe Readi-Brown. California Institute of Technology, Pasadena, CA, USA
E-mail zreadibr@caltech.edu
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EXTRACTING OUT OF ORDER: RESIN-FIRST THEN LATEX FORM GUAYULE BARK

Florence J. Miiller, Siddharth Premnath, Soudabeh Saeid, and Julia A. Kornfield

ICalifornia Institute of Technology, Pasadena, CA, USA

Guayule (Parthenium argentatum) bark contains two high-value products: (i) natural rubber
latex, stored in the vacuoles of parenchymal cells, and (ii) biospecific natural products, present in
longitudinal resin ducts within the stem. Here, we take advantage of the partitioning that the
plant provides by extracting the resin first while protecting the dispersed latex particles in the
parenchymal cells. Fresh bark is cut into small (~3mm) sections to improve access to the resin
ducts (~6mm long). The bark pieces are submerged in a basic extraction buffer to prevent latex
coagulation. The resin is hydrophobic and does not partition into the aqueous phase. We
discovered that, by agitation with a water-immiscible organic solvent, we create transient solvent
droplets that extract resin from the ducts. By choosing an organic solvent that has a low tendency
to swell natural rubber, this leaves the latex protected within the hydrated parenchymal tissue.
This approach enables resin recovery prior to latex extraction, avoiding cross-contamination and
establishing a route toward the clean, sequential isolation of both value streams.

Contact: Florence Miiller California Institute of Technology, Pasadena, CA, USA. E-msil:
fmuller(@caltech.edu
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GUAYULE (Parthenium argentatum Gray) SUPPLY CHAIN: WHERE ARE WE NOW?
A. Amor, M. Dorget, Serge Palu, and D. Pioch
GuaTecs SAS, France

Guayule (Parthenium argentatum Gray) and dandelion (Taraxacum kon-saghyz Rodyn) are
emerging as two natural rubber supply chains. These crops are not new but the international and
regional contexts are evolving. In addition, the guayule route is progressing towards a commercial
scale. In 2026, global demand for natural rubber is projected to exceed production for the sixth
straight year. The natural rubber market size is forecast to reach USD 48.12 billion by 2031. The
adoption of electric vehicles is transforming the rubber market, since specialized electric-vehicle
tires require thicker sidewalls and advanced tread compounds, increasing the amount of natural
rubber used per tire by 15%. The expansion of medical glove production capacities is another
factor, as are carbon credits to farmers. To this must be added the constraints caused by Hevea
(Hevea brasiliensis Miill. Arg.) diseases and aging, as well as lack of labor. New developments at
the international level, current geopolitical constraints, new US and EU regulations, and consumer
needs are presented. The USA and Europe import 100% of their requirements in natural rubber
from Hevea plantations. Initiatives to reach sovereignty in NR supply are detailed. Life Cycle
Analysis results are discussed, with the aim of reaching sustainability in these new production
chains. The latest GuaTecs achievements dealing with guayule latex are described. In conclusion,
we call attention to future developments that will enhance the guayule route, good for the planet
and for its inhabitants, in order to reach commercial scale, and profitability.

Contact: Serge Palu, GuaTecs SAS, France. Email: sergepalu@orange.fr
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FIRST GENOME ASSEMBLY OF PARTHENIUM TOMENTOSUM PROVIDES INSIGHTS
INTO THE HYBRIDIZATION OF HIGH-RUBBER-YIELDING GUAYULE

L. Gonzalez-Garcia'!, C. Dong'?, L. Strickland®, L. Yu!, H Xin?, V.M.V. Cruz*, C. Heinitz>, G.
Chen?, J. Jenkins®, D. Packer’, D.A. Dierig*, G. Ponciano?, J. Jiang®>, C. McMahan?, J. Schmutz®,
and A.D.L. Nelson'

'Boyce Thompson Institute, Ithaca, NY; 2WRRC USDA-ARS, Albany, CA, USA; *Michigan
State University, MI; “Bridgestone Americas, Inc. AZ; "’NCGR USDA-ARS, Davis, CA
SHudsonAlpha Institute for Biotechnology, AL; " NALPGRU USDA-ARS, Parlier, CA

Natural rubber (NR) is an irreplaceable raw material for numerous rubber and latex industries.
While more than 90% of the world’s NR supply comes from the rubber tree (Hevea brasiliensis
Miill. Arg.), several alternative sources are being developed, including guayule (Parthenium
argentatum A. Gray). Breeding and bioengineering efforts to maximize NR yield and optimize
agronomic practices in guayule have historically focused on the high-rubber-yielding tetraploid
accessions such as AZ-2. Recent genomic analyses have revealed that AZ-2 is a segmental
allopolyploid with secondary aneuploidy resulting from a cross between P. argentatum and a
wild Parthenium relative, likely Parthenium tomentosum DC. However, the genome of the wild
parent species remains uncharacterized, limiting our understanding of the parental genome that
contributed to AZ-2's high rubber yield and hypoallergenic latex properties. To address this gap, a
genome assembly for a triploid accession of P. tomentosum (PARL934) was generated using a
combination of Oxford Nanopore long-read and Illumina short-read DNA sequencing. The
assembled genome has a haploid size of 1.1 Gbp, slightly smaller than guayule genomes, with a
contig N50 of 1.52 Mbp. By comparing this PARL934 assembly alongside the diploid P.
argentatum (CAL-3) genome, we mapped the complex subgenomic architecture of AZ-2. We
observed that AZ-2 retains one complete chromosome set from the wild parent, accompanied by
extensive recombination events, whereas the two to three additional chromosomes descend from
P. argentatum. Chromosomes 3, 9, and 12 harbor the most extensive rearrangements and evidence
of inter-genomic exchange, indicating hotspots of recombination and introgression during
interspecific hybridization. Overall, 27.9% of the AZ-2 genome is derived from P. tomentosum
and 72.1% from P. argentatum. Additionally, we characterized allergen-associated gene families
in P. tomentosum, as some Parthenium species are known to cause allergic reactions, in contrast
to the hypoallergenic latex produced by P. argentatum. Taken together, this new genome assembly
highlights the immense potential of characterizing guayule wild relatives, not only as a critical
resource for understanding the evolutionary origins of hybrid Parthenium species, but also for
identifying genetic variants that could support guayule breeding and ensure the production of
hypoallergenic latex-based commercial products.

Acknowledgments: We would like to acknowledge a Community Science Program from the Joint
Genome Institute, as well as support from Bridgestone Americas

Contact: Laura Gonzalez Garcia, Boyce Thompson Institute for Plant Research, Cornell
University, Ithaca, NY 14853. Tel: 979-220-0641, E-mail: [ng38@cornell.edu
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ENVIRONMENT AND GENOTYPE SHAPE RUBBER BIOSYNTHESIS REGULATION IN
GUAYULE: INSIGHTS FROM TRANSCRIPTOME NETWORK ANALYSIS

C. Dong"!?, L. Gonzalez-Garcia!, G. Ponciano? , C. McMahan?, G. Chen?, M. Cruz’, C. Heinitz®*,
D. Dierig?, J. Schmutz’, and A.D.L. Nelson!

"Boyce Thompson Institute, Ithaca, NY, USA; 2 WRRC USDA-ARS, Albany, CA, USA
3Bridgestone Americas, Eloy, AZ, USA; *NCGR USDA-ARS, Davis, CA, USA
SHudsonAlpha Institute for Biotechnology, AL, USA

Developing domestic sources of natural rubber requires a deeper understanding of how rubber
biosynthesis is regulated across environments and genetic backgrounds. Guayule (Parthenium
argentatum A. Gray), a drought-tolerant shrub native to the Chihuahuan Desert, offers a promising
alternative to the Para rubber tree (Hevea brasiliensis Miill. Arg.). Here, we utilized comparative
transcriptomic approaches to analyze RNA-seq data from three guayule accessions — AZ-6 (pure
P. argentatum, tetraploid), CAL-3 (pure P. argentatum, diploid), and AZ-2 (P. argentatum x
Parthenium tomentosum DC., tetraploid hybrid). These accessions were grown in both the growth
chamber and in a multi-site field study, with tissue collected under conditions believed to induce
rubber biosynthesis. We hypothesized that the experimental design would allow differentiation of
the environmental and genotypic drivers regulating the rubber pathway. To test this hypothesis,
we used a comparative approach to evaluate preservation of rubber biosynthesis gene co-
expression patterns between growth chamber and field conditions, and between different genetic
backgrounds. As expected from their genetic similarity, both rubber biosynthesis genes and their
transcriptional regulators were quite similar between AZ-6 and CAL-3 in the field. We observed
key differences in the transcriptional behavior of rubber biosynthesis genes between AZ-6 and
AZ-2, likely reflecting the genetic contribution to this pathway from P. fomentosum. Interestingly,
AZ-6 displayed limited conservation of rubber pathway co-expression between simulated cold
induction in the growth chamber and seasonal cooling across field sites, suggesting that field and
growth chamber cold-induction is not directly comparable. Despite the transcriptional variability
between controlled and field growth conditions for AZ-6, we identified the same likely
transcriptional regulators driving expression of several prominent rubber biosynthesis genes in
both settings. These ethylene response factor (ERF) transcription factors were also strongly
associated with temperature-linked induction of the rubber biosynthesis pathway in field-grown
CAL-3 and AZ-2. In sum, despite the environmental complexity that field-grown guayule plants
are responding to, we observed a core set of target genes that behave similarly across all conditions
and genotypes, and thus are strong candidates for improving yield in this critical source of natural
rubber and latex.

Acknowledgments: We would like to acknowledge a Community Science Program from the Joint
Genome Institute, as well as support from Bridgestone Americas

Contact: Chen Dong, WRRC USDA-ARS, Albany, CA 94710. Tel: 510-559-5694, E-mail:
chen.dong@usda.gov
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TRANSCRIPTOMIC AND METABOLOMIC INSIGHTS INTO DROUGHT-ENHANCED
RUBBER PRODUCTION IN GUAYULE

Huy Phan', and Hussein Abdel-Haleem!

'US Arid Land Agricultural Research Center, USDA-Agricultural Research Services, Maricopa

Drought is both a major constraint and a driver for natural rubber content production in guayule
(Parthenium argentatum Gray), a crop of promising importance for arid regions of the
southwestern United States. However, the molecular mechanisms connecting water limitation to
enhanced rubber yield have remained insufficiently understood. Integrated transcriptomic and
metabolomic analyses of two cultivars, AZ-4 and CAL-2, reveal distinct physiological and
biochemical responses to drought. Transcriptome profiling shows extensive reprogramming of
regulatory networks, particularly within the AP2/ERF, MYB, NAC, WRKY, bHLH, and bZIP
transcription factor families, which coordinate activation of the MVA and MEP isoprenoid
pathways, central to terpenoid and rubber biosynthesis. Additionally, metabolomic data show that
drought redirects metabolic flux away from respiration, shown by reduced ubiquinone-1, and
toward secondary metabolism, with increases in key terpenoid precursors consistent with enhanced
allocation to rubber production. The cultivars achieve this shift through contrasting strategies. For
example, AZ-4 exhibits rapid activation of stress-signaling and precursor-generating pathways,
whereas CAL-2 emphasizes membrane stabilization, antioxidant defenses, and osmoprotective
processes. Despite these differences, both cultivars display shared bottlenecks, such as depletion
of CoA-related intermediates, and common compensatory responses, including selective
aquaporin regulation. Together, these findings provide a mechanistic framework between drought
stress and increased rubber content, as well as identify regulatory and metabolic markers useful
for breeding high-performing guayule germplasm for water-limited environments.

Contact: Hussein Abdel-Haleem, US Arid Land Agricultural Research Center, USDA-Agricultural
Research Services, Maricopa, AZ 85138. E-mail: hussein.abdel-haleem@usda.gov, Huy.Phan@usda.gov
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GENOME-WIDE IDENTIFICATION AND STRUCTURAL CHARACTERIZATION OF THE
TERPENE SYNTHASE (TPS) GENE FAMILY IN GUAYULE (Parthenium argentatum A.
Gray)

Pedro J. Garcia-Cano'?, Manuel Carmona'?, and Amaya Zalacain'?
b b

"Universidad de Castilla-La Mancha, Instituto Universitario de Biotecnologia, Agronomia y
Sostenibilidad (IBAS), Gg Lab, Campus Universitario s/n, Albacete 02071, Espafia
2 Universidad de Castilla-La Mancha, E.T.S.1. Agronomica, de Montes y Biotecnologia
(ETSIAMB), Campus Universitario s/n, Albacete 02071, Espafia

Guayule (Parthenium argentatum A. Gray) is a strategic source of natural rubber and bioactive
resins. The chemical diversity of its secondary metabolome is primarily driven by Terpene
Synthases (TPS), a multigene family that transforms prenyl diphosphate precursors into a vast
array of terpene skeletons. Despite their industrial relevance, the genomic organization and
regulatory landscape of the TPS family in guayule remains to be fully elucidated. This research
performed a systematic identification and functional projection of the PaTPS family to provide a
framework for future metabolic engineering. The methodology involved a genome-wide search
using the P. argentatum (CAL-3) assembly through HMMER and BLASTp searches. We
identified 57 non-redundant PaTPS genes, which were systematically named (PaTPSOI1-
PaTPS57) based on their physical chromosomal distribution. Protein motifs, CDS architecture,
and physicochemical properties were characterized, revealing the structural diversity and
conservation patterns across the identified PaTPS members. Phylogenetic reconstruction
classified these candidates into five major subfamilies (TPS-a, -b, -c, -e/f, and -g), revealing
significant gene expansion events linked to tandem duplications. The analysis of cis-acting
regulatory elements in the promoter regions may characterize the transcriptional landscape of the
family, identifying motifs linked to phytohormone signaling and abiotic stress adaptation.
Additionally, subcellular localization analysis suggests a compartmentalized metabolic
arrangement in plastids and the cytosol, aligning with the classical partitioning of monoterpene
and sesquiterpene biosynthesis. This genomic characterization of the PaTPS family may establish
a critical framework for metabolic engineering, enabling the precise selection of candidate genes
to optimize the production of high-value resins and natural rubber.

Contact: Pedro J. Garcia-Cano, Universidad de Castilla-La Mancha, E.T.S.1. Agronomica, de Montes y
Biotecnologia, Campus Universitario s/n, Albacete 02071, Spain. Email: pedrojose.garcia@uclm.es

19


mailto:pedrojose.garcia@uclm.es

RELEVANCE OF HIGH MOLECULAR WEIGHT NATURAL RUBBER IN GUAYULE
LEAF

2 and

Lorena Zapata!, M. Mercedes Garcia-Martinez"»2, Emilio J. Gonzilez!, Amaya Zalacain"
Manuel Carmona'*?

"Universidad de Castilla-La Mancha, Instituto Universitario de Biotecnologia, Agronomia y
Sostenibilidad (IBAS), Gg Lab, Campus Universitario s/n, Albacete 02071, Espafia
2 Universidad de Castilla-La Mancha, E.T.S.1. Agronomica, de Montes y Biotecnologia
(ETSIAMB), Campus Universitario s/n, Albacete 02071, Espana

There is broad agreement that low temperatures induce rubber production in guayule plant
(Parthenium argentatum A. Gray), there remains debate regarding the average night temperatures
that effectively stimulate this process. Rubber molecular weight is a critical quality parameter, as
higher values are associated with superior mechanical properties and improved performance.
However, there are limited studies addressing rubber polymerization and molecular weight in
leaves and its accumulation in stems and roots. The aim of this study was to obtain rubber extracts
from different plant tissues (roots, stems, and leaves) of four young (10 months old) guayule
accessions (AZ-2, AZ-5, R-1040 and CAL-7) at two different moments, to determine their
molecular weight and evaluate its distribution as the plant grows. Rubber samples were extracted
using hexane at 65 °C followed by precipitation with acetone. Molecular weight analysis was
conducted by gel permeation chromatography (GPC), where the samples were prepared at a
concentration of 12 mg/mL in tetrahydrofuran (THF) and molecular weight was determined using
two light-scattering detectors (RALS/LALS). The results revealed the unexpected presence of high
molecular weight rubber in leaves at the end of the winter, evolving toward greater molecular
diversity with a predominance of shorter polymer chains as plant development progressed. In
contrast, stems and roots exhibited approximately 90 % of a medium-to-high molecular weight
fraction (7-8 % 10° Da) from early developmental stage, with a progressive increase in molecular
weight that may be associated with rubber accumulation processes in these tissues. Further studies
will be conducted to determine the relevance of leaf tissue in the polymerization of natural rubber
and its translocation to the accumulation tissues: stems and roots.

Acknowledgements: Co-funded by MICIU/AEI/10.13039/501100011033 through the grant
CPP2023-010798.

Contact: Universidad de Castilla-La Mancha, Instituto Universitario de Biotecnologia,
Agronomia y Sostenibilidad (IBAS), Gg Lab, Campus Universitario s/n, Albacete 02071, Esparia.
Lorena.Zapata@alu.uclm.es and Amaya.Zalacain@uclm.es
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PHENOTYPIC CHARACTERIZATION OF THE USDA RUBBER DANDELION
COLLECTION

Katrina Cornish!, Laura Olivieri', Amber Hennigar!, Paige Hennigar', and Alex Cornwall?

'US Arid Land Agricultural Research Center, Maricopa, AZ 85138, USA, 2 USDA ARS, Plant
Germplasm Introduction and Testing Research Unit, Pullman, WA.

In ~2012, the USDA rubber dandelion (Taraxacum kok-saghyz) collection was grown up and open
pollinated in Wooster, Ohio. Their progeny became population Alpha, which included plants with
high root rubber content, up to 228 mg/g root dwt. Current Alpha-derived advanced breeding lines
at the Ohio State University range from 10 to 80 mg/g dwt. Here the collection is being
characterized and open pollinated to recreate an Alpha-type population. Seed from all 22
accessions were germinated in treepots in May 2025 and grown in a climate-controlled greenhouse
in Maricopa at air temperatures of 24°C and 17°C + 3°C during summer and winter, respectively.
Micrometeorological data were sampled every 10s with an ATMOS 41W weather station. Nine
tree pots per bin were planted with two dandelion seeds from each accession for each of four
replicates (72 per accession) arranged in a randomized complete block design. Seedlings were
watered daily until well-established and then twice weekly or as needed to maintain well-watered
conditions and fertilized with 150 ppm Peter’s Professional 20-20-20 solution +/- Lesco Chelated
Iron Plus on an alternating, semimonthly schedule. Data were collected on germination rate, time
to germination, leaf number, leaf area, stomatal conductance, light fluorescence, flower numbers,
seed number and weight, and break test estimation of root rubber content. Photographs of all plants
were taken on 22 July 2025 to assess leaf and calyx variability across accessions. Flowering plants
were open-pollinated using bumble bees in Spring 2026 and seed were collected by hand and
cleaned. In March 2026, one typical plant of each accession was removed from its pot and a single
root excised by razor blade. The relative rate of latex flow from the cut roots was assessed. The
plants were then replaced in their pots. The excised roots were dried at 50°C. The rubber (TNR)
content of these roots was assessed by the five-point break test, then finely ground, and TNR was
quantified using Accelerated Solvent Extraction (ASE). Plants were rephenotyped after the flush
of flowering ended. Plant diameter, leaf number, leaf area index, and photosynthetic rate were
measured. Fresh rosettes and roots were weighed. Half the roots were homogenized to determine
the latex (TNRL) fraction. The other half and the rosettes were dried at 50°C and weighed. Sugars
(including inulin), resin and TNR were quantified by ASE. Variation within each accession was
significantly less than among the different lines. TNR content ranged from 0 to 5 suggesting
genetic variation. Two accessions, #19 and 19R, were not 7. kok-saghyz and although they
produced latex, were rated 0 on the break test. Half-sib populations will be planted in Autumn
2026 for evaluation.

Contact: Katrina Cornish, USDA Arid Lands Research Center, Maricopa, AZ 85138, U.S.A.
Email: katrina.cornish@usda.gov
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TOO DENSE OR TOO SPARSE? SOWING DENSITY DRIVES THE RUBBER
ACCUMULATION IN RUBBER DANDELION (TARAXACUM KOK-SAGHYZ)

Heike Pannwitt and Katja Thiele

Julius Kiihn-Institute, Erwin- Baur-Strasse 27, 06484 Quedlinburg, Germany

Taraxacum kok-saghyz Rodin (TKS) is emerging as a promising alternative source of natural
rubber, offering high-quality latex and adaptability to temperate production systems. In the context
of increasing demand for sustainable and regionally produced natural rubber, TKS has gained
attention from both breeding programs and industrial stakeholders. However, despite progress in
developing high-yielding genotypes, knowledge on agronomic optimization under field conditions
remains limited. Sowing density represents a key management factor influencing biomass
production and resource use efficiency. While previous studies have mainly focused on root dry
mass responses to plant density, the effect of sowing density on rubber content, and thus total
rubber yield has not yet been systematically evaluated. To address this gap, a two-year field
experiment was conducted in Germany using a randomized complete block design with four
replications. A wide range of sowing densities (2 to 320 seeds m!) was tested to assess their impact
on rubber accumulation. Preliminary results indicate a clear density-dependent response where
rubber content increases with rising plant density up to an optimal level, beyond with increasing
plant competition leads to reduced accumulation. These findings demonstrate that maximizing
rubber yield in TKS requires a balanced optimization of plant density rather than maximizing plant
density alone. Final results of the ongoing data analysis will be presented at the conference. The
results contribute to the development of cultivation guidelines supporting the upscaling of TKS as
an industrial crop for sustainable natural rubber production.

Contact: K. Thiele, Julius Kiihn-Institute, Federal Research Centre for Cultivated Plants, Erwin-
Baur-Strafse 27, 06484 Quedlinburg, Germany. Tel: *49 3946 47 3310. E-mail:
katja.thiele@julius-kuehn.de
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INVESTIGATING MOLECULAR INTERACTIONS OF SMALL RUBBER PARTICLE
PROTEIN 1 FROM HEVEA (Hevea brasiliensis Miill. Arg.) WITH PHOSPHOLIPIDS

C. Howard!, P. Weers?, R. Ryan', L. Fonseca', T. Albarran', A. Duran', E. Gonzalez de la
Vega!, K. Lethcoe!, D. Wood?, T. Williams®, C. McMahan?, and Grisel Ponciano®

"Dept. Biochemistry and Molecular Biology, University of Nevada Reno, Reno, NV
Dept. Chemistry and Biochemistry, California State University Long Bech, Long Beach, CA
SUSDA-ARS-WRRC, Albany, CA

Natural rubber (NR), a critical raw material for commercial goods, is synthesized by plants and
some fungi. This natural product consists of cis-1,4 polyisoprene polymer synthesized at the
surface of a specialized organelle known as the rubber particle (RP). The RP surface is comprised
of a variety of lipids arranged in a monolayer that houses the NR synthesizing enzyme complex.
Several other proteins associate to the RP in a species-specific manner. However, one RP-
associated protein in particular, Small Rubber Particle Protein (SRPP), is present in all NR-
producing plants thus far analyzed suggesting a functional role. Plant functional genomics and
molecular analyses have demonstrated SRPP is important to maintain quality and quantity of NR,
however a defined protein function has not been identified. Our initial experiments to investigate
the functional role of SRPP1 from Hevea (Hevea brasiliensis Miill. Arg.) revealed structural
similarities to apolipoproteins, proteins that form discrete nanoparticles by interacting with
phospholipids. We applied protein modeling, biophysical and biochemical methods to characterize
molecular interactions of HhbSRPP1 with synthetic lipids in vitro. Our results demonstrate that,
like apolipoproteins, HbSRPP1 can reorganize aqueous phospholipid dispersions into stable
nanoparticles. This research provides the groundwork for further studies in the elucidation of SRPP
role in NR biosynthesis. Mechanisms of putative SRPP’s interaction with RP membrane surface
and other cell compartments will be discussed.

Contact: Grisel Ponciano, USDA-ARS-WRRC, 800 Buchanan Street, Albany, CA, 94710. Phone:
510-559-5749 Email: Grisel.ponciano@usda.gov.
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DEVELOPMENTAL REGULATION OF NATURAL RUBBER BIOSYNTHESIS THROUGH
MYC2 REGULATORY NETWORK IN LETTUCE LATICIFERS.

J. Wang!, C. L. Hodgins', J. B. Nichol!, M. A. Samuel', and Dae-Kyun Ro'
!University of Calgary, Calgary, AB, Canada

Natural rubber (NR, cis-1,4-polyisoprene) is an irreplaceable industrial polymer biosynthesized
by more than 2,500 plant species. Although significant efforts have been made to develop
alternative rubber-producing crops such as dandelion and guayule, the Para-rubber tree (Hevea
brasiliensis) remains the single dominant commercial source, accounting for 99% of the global
supply. However, elucidating the biosynthetic and regulatory mechanisms of NR in these
traditional systems has been severely hindered by their biological constraints, including a
perennial lifecycle, obligate outcrossing, polyploidy, and recalcitrance to genetic
transformation. To overcome these limitations, we utilized lettuce (Lactuca sativa) as a model
system. Lettuce is an annual, self-compatible, diploid plant that is easily transformable and
produces high-molecular-weight NR (>1-million Da) within specialized cells called laticifers.
Using an optimized, highly efficient CRISPR/Cas9 protocol in lettuce developed in our lab, we
targeted candidate transcriptional regulators identified via laticifer-specific RNA-Seq data.
Knockout of one candidate, the transcription factor Myc2, completely abolished latex production
in genome-edited lettuces, establishing Myc2 as a master regulator of latex and NR formation.
Histological tissue sectioning revealed that laticifers remained structurally present in the stems
of myc2 mutants, indicating that Myc2 regulates downstream biosynthesis rather than initiating
laticifer differentiation. Furthermore, differential expression analysis between wild-type and
myc2 knockout lines identified 840 significantly downregulated genes, including two key
components of the core NR biosynthetic machinery: cis-prenyltransferase (CP7) and its
mandatory binding protein (CBP). Collectively, these findings demonstrate a key regulatory role
of Myc2 in plant NR biosynthesis and highlight lettuce as a powerful model platform for
studying rubber biosynthesis through genome editing.
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COMPARATIVE MICROSTRUCTURE CATALOGING AND CURRENT RESEARCH
STATUS OF GUAYULE

T. Chaudhari', A. Basnet!, V. M.V. Cruz?, and N. Joshee!

! Agricultural Research Station, Fort Valley State University, Fort Valley, GA, USA
’Bridgestone Americas, Inc., Eloy, AZ, USA

Parthenium argentatum A. Gray (guayule), a member of the Asteraceae family, is an alternative
source of natural rubber with quality comparable to Hevea brasiliensis Miill. Arg. Performance of
guayule outside its native arid range remains poorly studied. The establishment of new field trials
under subtropical conditions will help bridge this gap by linking morphological and histological
traits with rubber yield, advancing guayule’s development as a viable industrial crop in new
agroclimatic regions. Reflecting this renewed interest, bibliometric data show a 30% rise in
publications between 2015-2019 and 2020-2024. Guayule accessions of different ploidy levels
will be established under the subtropical conditions of Georgia at Fort Valley State University.
The major goals of the study are to evaluate rubber yield, morphometric traits and to investigate
stem histological characteristics, particularly rubber-producing cells, as potential drivers of
variation in rubber content. During the first phase of the project, leaf traits such as trichome type,
trichome density, and stomata type of accessions at two ploidy levels: diploid (CAL-3) and
tetraploid (AZ-2) were studied by light and scanning electron microscopy. Trichome length (n =
80) and density (» = 5 SEM fields) were quantified by linear mixed-effects models and two-way
ANOVA. Both accessions showed characteristic T-shaped trichomes, multicellular trichome and
anomocytic stomata. Trichome density was 75-80% higher on the adaxial than the abaxial surface
in both (p < 0.001) but did not differ between accessions. CAL-3 produced significantly longer
trichomes than AZ-2 on both surfaces (adaxial: 114.3 vs. 91.8 um; abaxial: 105.5 vs. 64.8 um; p
<0.001). A significant cultivar x surface interaction (p < 0.001) indicates that the adaxial-abaxial
difference was much larger in AZ-2 (27 um) than in CAL-3 (8.8 pm). This study indicates that in
guayule CAL-3 shows greater investment in trichomes. Higher trichome length and density may
contribute to better herbivore defense and improved drought tolerance. These findings provide
baseline information on these two germplasms and complement bibliometric trends in guayule
tissue culture, where callus induction and micropropagation dominate the literature while somatic
embryogenesis, genetic transformation, and large-scale propagation of superior accessions such as
AZ-2 and CAL-3 remain under-explored areas for future research.
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