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DELIVERING 10 YEARS

OF PEANUT GENOMIC SCIENCE AND COMMERCIAL ROI

In 10 short years, The Peanut
Research Foundation’s two peanut
genome research initiatives have
delivered significant science

that has real-world commercial
value to every sector of the U.S.
peanut industry: growers, shellers,
manufacturers and allied industries.

While our research has generated
150+ scientific papers to date, our
goal was always to fuel peanut
breeding programs to bring new
value to our supply chain. Summary
highlights of those initiatives follow,
from the initiative’s vision, design
and execution, to how we transferred
learnings to industry — and listened
thoughtfully to our industry's needs.

OUR VISION: MODERNIZE
PEANUT BREEDING. Completion
of the US. Human Genome Project in
2003 opened the door to sequencing
the genomes of other important
organisms. For agriculture, the ability
to map genomes meant it was now
possible to identify the genetic basis
of desirable —and undesirable—plant
traits. For the U.S. peanut industry,
that meant peanut’'s genes could be
harnessed to benefit our industry,
our consumers, the environment
and humanity. So in 2013-2017,
The Peanut Research Foundation
undertook the industry-funded
Peanut Genome Initiative. PCI

Phase Il followed in 2019-2023.

For more details, see page 8.

See also:
« Some of the achievements of 10 years of PGl and PGI-Il research are summarized on pages 3-5.
« Peanut Genome Initiative’'s generous donors are listed in this report's Appendix 1.
« The numerous research entities that contributed science and technical support to PGl are listed in Appendix 2.

« International Peanut Genome Initiative's Executive Committee, which helped guide our initiative, is listed in Appendix 3.
» The Peanut Research Foundation's board of directors is listed in Appendix 5.
« TPRF's final report on PGI's first phase is available on our website at www.peanutresearchfoundation.orq.

PGI’'S DESIGN FUELS

ITS SUCCESS DESPITE
CHALLENGES. Peanut proved to
be a particularly difficult genome to
study for several reasons. TPRF rose
to the challenge, designing PGl to
succeed by establishing a worldwide
group of peanut science and
technical leaders — the International
Peanut Genome Initiative —to inform
and guide PCl research. In a few
short years, PGl revealed peanut's
origin story, and successfully
mapped the genomes of cultivated
peanut and its wild peanut parents.
To learn more, see page 9.

PGI RESULTS ADVANCE
PEANUT GENOME SCIENCE.
PCI generated extensive scientific
literature about the peanut genome.
We then transferred those learnings
to our industry, opening countless
doors for future peanut breeding.

All TPRF-funded original PGl data is
now in the public domain, accessible
online 24/7/365 through our online
resource, PeanutBase. For additional
details, see page 10.

AND FUELS MARKER-

ASSISTED BREEDING. PGl
delivered in numerous ways on our
ultimate goal of supporting our
industry’s breeding programs. We
mapped the peanut genome, both
wild and cultivated. That led to the
discovery of several important peanut
markers that are now making peanut

breeding faster, more efficient

and more economical. Our research
also found ways to refine markers,
making them more valuable to
peanut breeders. See page T1.

THEN WE LISTENED. While
sequencing peanut’s genome

itself provided tremendous value

to our industry, we recognized that
additional work was needed before
industry could harness PGl's full
benefits. TPRF worked to close that
gap by holding industry learning -
and listening - sessions. See page 12.

PGI-Il MOVES TO ANSWER
INDUSTRY’S NEEDS. During those
listening sessions, industry told us
what you hoped to achieve with PGl's
new tools. With that input, in 2019
TPRF launched PGl Phase Il, also
generously funded by all peanut
industry sectors. Research began in
2020, and was ongoing when this
report was published in early 2023.
For details, see page 14.

WHERE DO WE GO FROM
HERE? You decide. PGl and PGI-II
have generated real results for the
U.S. peanut industry. Once again,

it is time for the peanut industry

to decide whether this research
continues to be an industry priority.
To make your wishes known,
contact any member of TPRF’s
board of directors. See page 15.




ACCOMPLISHMENTS or rci s pci-i

Wild peanut genome sequencing. The diploid wild parent species of
today's cultivated peanut were sequenced, which helped to construct
cultivated peanut's genome in the proper molecular sequences.

Cultivated peanut genome sequencing. Cultivated peanut has also
been sequenced, and assembly of the genome is 99.996% complete.
HudsonAlpha Institute for Biotechnology reports peanut’'s genome is
the best tetraploid genome ever assembled.

Computer tool quickly finds variation among peanut plants. Identifying
points of variation on peanut’'s genome led to creation of a second-
generation single nucleotide polymorphism (SNP) computer chip that
breeders can use to evaluate breeding populations. This chip identifies
known points of variation between a test genome and the original
reference genome.

Marker database grows. To fully harness marker-assisted selection,
breeders need access to markers for numerous desirable peanut traits.
To date, Peanut Genome Initiative and PGI-Il have identified markers
for the following traits, which are available on our online resource,
PeanutBase. Not all of these markers are being used in active
breeding programs, but they are available to breeders. More markers
are being discovered all the time:

- Aflatoxin resistance « Root knot nematode resistance
+ Arachidic acid content + Rust resistance

« Behenic acid content - Saturated fatty acid

« Early leaf spot resistance « Sclerotinia resistance

« Gadoleic acid content « Seed weight

« Late leaf spot resistance « Stearic acid content

« Lignoceric acid content « Tomato spotted wilt virus

- Linoleic acid content resistance

. Oleic acid content « Unsaturated fatty acid content

« Palmitic acid content * White mold resistance

« Pod weight

More wild species genomes sequenced. In addition to modern peanut's
two progenitor wild species, genomes of numerous other wild peanut
species have been sequenced and incorporated into interspecific hybrid
populations, which make them more useful to breeders. These wild
species represent an enormous bank of beneficial traits.

Continued on next page
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ACCOMPLISHMENTS oF rci & pci-i cONTINUED

TPRF has financially supported the USDA/NCSU winter nursery in Puerto Rico, allowing peanut breeders to get two
breeding cycles in one year. Photo source: Corley Holbrook, Ph.D, USDA ARS.

When are genes active? Many genes have been identified
that express traits at different developmental stages of
growing peanut.

Exploring peanut diversity worldwide. Peanut
collections from all over the world are being genotyped
to document this legume’s genetic diversity. Progress
has been made in accessing the peanut germplasm
collection at India’s International Crops Research
Institute for the Semi-Arid Tropics, and we have
sequenced hundreds of peanut plant lines from Africa in
collaboration with the Peanut Innovation Lab.

Breeding leaf spot-resistant cultivars. Utilizing resistance
found in a previous introgression from the wild peanut
species A. cardenasii, US. Department of Agriculture
Agricultural Research Service peanut breeder Corley
Holbrook, Ph.D., has successfully released three cultivars
which are highly resistant to late leaf spot. These include a
high-oleic Runner cultivar, a normal-oleic Runner cultivar
and a small-seeded Runner cultivar. Data suggests these
cultivars can be grown in the Southeast with little or no
leaf spot fungicides, saving growers significant input costs
and greatly improving sustainability metrics. If these new

cultivars save even half of the estimated $21.4 million in
losses to late leaf spot (see Table 1), those savings would
more than pay for the total costs of PGl and PGlI-Il every
year. These cultivars are currently in seed increase.

Closing in on aflatoxin resistance. \While aflatoxin is
produced by a fungus, the fungus doesn't always produce
aflatoxin. The cues for that fungus to produce aflatoxin
result from complex interactions between the genetics of
the peanut and the fungus. By evaluating two germplasm
sources known to support low levels of aflatoxin, University
of Georgia's Peggy Ozias-Akins, Ph.D, has, for the first time,
confirmed markers for regions on the peanut genome that
impart aflatoxin resistance. While the levels of resistance
that are achievable with these markers is not yet known,
they come from germplasm that has levels of resistance
that would be highly beneficial to the peanut industry.

Phenotyping peanut’s quality traits. U.S. Department
of Agriculture’s Lisa Dean, Ph.D., and University of
Georgia’'s Koushik Adhikari, Ph.D.,, kickstarted our
understanding of the genetic controls for peanut’s
guality traits. Their phenotyping of quality traits should
set the stage for future attempts to link quality traits
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ACCOMPLISHMENTS oF rci & pGi-i cONTINUED

to genotypes, and to utilize marker-assisted selection
to advance key quality traits. More work is needed to
facilitate peanut breeding for quality traits.

Drought tolerance. Some peanut plants naturally

tolerate drought better than others. Plants can improve
their drought tolerance in numerous ways, including
larger, deeper root systems. Numerous physiological
mechanisms also conserve or better utilize available water.
The goal is not just to breed a peanut plant that survives
drought, but one that produces more peanuts under
water stress than it does now; a plant that stays green

and does not wilt as readily when water stressed doesn'’t
necessarily also mean it will be more productive. Peanut
researchers are working out phenotyping methods to
make sure yield under drought stress is the goal. As always,
drought tolerance traits can't be associated with other
undesirable traits such as lower grades. Naturally
drought-tolerant wild species may be helpful.

Getting two breeding cycles in one year. TPRF has
financially supported the winter nursery in Puerto Rico,
which is coordinated by U.S. Department of Agriculture’s
Agricultural Research Service and North Carolina State
University. Several peanut breeders use this nursery to
grow two generations of their breeding lines per year,
thereby further speeding the breeding process.

Expanding the wild peanut collection. \Wild species
represent most of peanut’s natural genetic variability, and
harbor many of the desirable traits we hope to incorporate
into cultivated peanuts. So in collaboration with National
Peanut Board, The Peanut Research Foundation has
funded the transfer of Charles Simpson, Ph.D.'s extremely
valuable wild peanut-species collection to the USDA's
peanut germplasm collection in Griffin, Georgia.

Develop, maintain and expand PeanutBase. Since the
very beginning of PGI, TPRF has supported development
and maintenance of the genetic and genomic online
resource PeanutBase. TPRF encourages the researchers
we fund to make their data publicly accessible as quickly
as possible, and PeanutBase makes that easy. Having a
central go-to place for information benefits the scientific

community and facilitates their work on our industry’s
behalf. The National Center for Genome Resources
maintains the related cloud site where peanut scientists
can store and share large amounts of data.

Foster international collaboration. The Peanut Research
Foundation has sponsored annual Advances in Arachis
Genomics and Biotechnology conferences, which have
fostered international collaboration on peanut genomics.

Leverage public-private research resources. TPRF has
leveraged our funding so that government funding
agencies have also increased their peanut research. These
include USDA's National Institute for Food and Agriculture,
and USDA ARS. For example, in collaboration with
National Peanut Board, TPRF has participated in a cost-
sharing program whereby our funds are matched by NIFA
to fund critical peanut research. In addition, TPRF and US.
Agency for International Development have co-funded
genome research through the Peanut Innovation Lab.

Other benefits. Other benefits obtained during this
project are less significant and too numerous to mention.

PGl and PGlI-Il research
identified genetic
markers for numerous
peanut traits, including
resistance to aflatoxin, a
major economic threat.
Photo source: Tarig Alam,
Clemson University.
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OUR VISION: vioperNIZE

PEANUT BREEDING, SHARE THE BENEFITS

Completion of the U.S. Human Genome Project in 2003 opened the door to sequencing the genomes of other
important organisms. For agriculture, the ability to map genomes meant it was now possible to describe the genetic
basis of desirable - and undesirable - traits. For the U.S. peanut industry, that meant peanut’'s genes could be harnessed
to benefit our industry, our consumers, the environment and humanity. So in 2013-2017, The Peanut Research
Foundation undertook the industry-funded Peanut Genome Initiative. PGl Phase Il followed in 2019-2023.

Row crops successfully test the waters. The ability to harness a plant's genome has long been commercially valuable.
Even before the first plant's genome was sequenced (Arabidopsis, in 2000), major acreage-crop industries began

using genetic-modification technologies in the 1990s to transfer desirable genes and their associated traits from one
organism to another.

Corn, soybeans and cotton have been genetically modified to incorporate traits that, for example, produce toxins to
control insects (e.g, the Bacillus thuringiensis or Bt trait), and to make crops resistant to commonly-used herbicides
(e.g., Roundup Ready and Liberty Link traits).

The peanut industry dives in. In 2012, the U.S. peanut industry moved to reap the benefits of modern breeding
technologies as many other crops have done. The Peanut Foundation - later renamed The Peanut Research
Foundation - was charged with initiating a research initiative to map the genetic code of the peanut plant. The
Peanut Genome Initiative’s goals were to discover where desirable and undesirable traits were located on the
genome, and to make it easier for breeders to incorporate desirable traits into new varieties. Recognizing consumer
distrust of genetically modified organizations, TPRF consciously chose to avoid research that would lead to a GMO
peanut.

PClI’s first research project launched in 2013.

PGl sets industry funding record. PG| was — and remains — the largest research project ever funded by our industry.
Its $6,000,000 cost was shared equally among grower, sheller and manufacturer sectors. Some allied industries also
made significant contributions.

The Peanut Genome Initiatives’ generous donors are listed in Appendix 1.

PGl: DELIVERING 10 YEARS OF PEANUT GENOMIC SCIENCE AND COMMERCIAL ROI




PGI’S DESIGN rUc s oUR succEss DESPITE CHALLENGES

Peanut proved to be a particularly difficult genome to study for
several reasons, starting with peanut’s very large volume of genetic
information compared to other legumes such as soybeans. The
Peanut Research Foundation rose to the challenge, designing the
Peanut Genome Initiative to succeed by establishing a worldwide
group of peanut science and technical leaders to inform and guide
PGl research. As a result, in a few short years PGl revealed peanut’s
origin story, and successfully mapped the genomes of cultivated
peanut and its wild peanut parents.

Peanut’s unique origin story revealed. Because of PGl research, we
now know that modern-day peanut is the result of a rare natural
combination of genomes from two wild peanut species, doubling
the number of chromosomes to form today's modern peanut. That
combination event happened about 10,000 years ago, in the foothills
of the Andes mountains in western Argentina or southern Bolivia.

Since peanut’s genetic information is contained in four sets of
chromosomes (tetraploid) rather than two (diploid), its genetic
map was more complicated to construct. Peanut’'s genome is
approximately as large as the human genome, with over 3 billion
base pairs — approximately the number of characters in more than
77,000 copies of this report.

New tools speed peanut gene decoding. The first step in
understanding the genome of cultivated, tetraploid peanut was

to understand the genomes of its two wild, diploid parents. Our
researchers completed analysis of the two progenitor wild species’
genomes in a remarkably short time. That in turn greatly facilitated
mapping of modern-day, cultivated peanut’'s genome. Our progress
was aided by major advances in DNA sequencing technology which
had occurred since some of the first genetic mapping of crop plants
was attempted.

Collaboration is key to PGI's success. To guide our work, TPRF
organized a coalition of scientists known as the International
Peanut Genome Initiative in 2013. Its Executive Committee met
regularly to share data and decide on new research strategies.
The collaborative nature of this group was the main driver of
PCl's success.

The numerous research entities that have contributed to PCl's
success are listed in Appendix 2 of this report. IPGI's Executive
Committee is listed in Appendix 3. TPRF's final report on PGl Phase |
is available on our website at www.peanutresearchfoundation.org.

PGI HARNESSES WILD
PEANUT DIVERSITY

Since the natural crossing event that
created our modern peanut only
occurred about 10,000 years ago -a
recent event compared to some other
crops - natural mutations have not
occurred in peanut to the point that
there is abundant variation in traits. So,
modern-day peanut has relatively little
natural diversity with which breeders can
work to design more desirable cultivars.

Fortunately, dozens of wild peanut
species still exist in South America, and
they represent an enormous bank of
genetic diversity. The Peanut Genome
Initiative explored this wild species
diversity, identifying desirable traits
and developing methodology to move
genes (and the resulting traits) from wild
peanut species into cultivated peanut.
Since wild species are diploid and
modern cultivated peanut is tetraploid,

the two don't readily cross; to transfer
genes requires some unique genetic
manipulations. Thanks to PCI research,
this process has been worked out. Many
wild species genes are now in tetraploid
form, which can be utilized by breeders.

PG/ decoded the genomes of cultivated
peanut (right) and its two wild progenitor
species including Arachis cardenasii

(left). Photo source: David Bertioli, Ph.D,
University of Georgia.
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PGl RESULTS ~ovANCE PEANUT sCIENCE

To date, The Peanut Research Foundation's Peanut Genome Initiative
has generated an extensive body of scientific literature about the peanut nature .

genome, then transferred PGl learnings to our industry, opening countless genetlcs
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doors for future peanut breeding. In addition, all TPRF-funded original PCI
data is now in the public domain, accessible online 24/7/365 through our
online resource PeanutBase. This massive volume of information is available
to anyone and everyone; it cannot be owned or patented by anyone.

Knowledge of peanut genetics explodes. As a result of PGl research, over
150 scientific papers have been published so far, transferring learnings to
the U.S. peanut industry and our breeders. That number includes landmark
papers in the prestigious journal Nature Genetics, on the genome
sequences of the wild diploid parents of current cultivated peanut in 2016,
and on the subsequent cultivated peanut genome in 2019. e
Peanut genomes

Garfish genome
Demethylation in embryogenesis

That knowledge is available to all. PCI funding helped to develop
PeanutBase, an unprecedented website and database on peanut )

i d tics. This publicly-accessible site serves to store, share News of mapping of the genomes
genorT?lfzs and genetics. X P y ) ' of the wild diploid parents of today’s
and utilize peanut genomic data. This common location for all peanut cultivated peanut was announced

genomic data sets us apart from other crops. in the prestigious journal Nature
GCenetics in 2016. Photo source:

. . . . . . Nature Genetics.
TPRF encourages continued inclusivity of access. Science moves quickly;

it is always possible that new discoveries could be patented, and private
companies could market desirable traits to the industry. To foster
inclusivity rather than exclusivity in access to research benefits, TPRF's
research contracts encourage scientists to publish their work as soon as
possible, thereby making discoveries unpatentable by others. (That said, it
is impossible to ensure future intellectual property could not be claimed.)

TPRF also encourages public U.S. peanut-breeding programs - at U.S.
Department of Agriculture, and land-grant universities - to collect royalties
from their cultivar releases, to help cover their costs and fund future
peanut research.

“AS MORE BREEDING PROGRAMS BECOME
KNOWLEDGEABLE OF HOW TO USE [PGI’S]
RESULTS, ITS UTILITY WILL SHOW IN
ADVANCES WITHIN THE ENTIRE
INDUSTRY.”

Charles E. Simpson, Ph.D.
Texas A&M AgriLife Research

A |
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PGI FUELS \/ARKER-ASSISTED PEANUT BREEDING

While the Peanut Genome Initiative’'s Phase |
accomplished many significant academic goals, fueling
our industry's breeding programs has always been

our ultimate goal. We delivered on that goal in myriad
ways. We mapped the peanut genome, both wild and
cultivated. And PGl research also led to the discovery of
several important peanut-specific “markers” (see “What
Is Marker-Assisted Selection?’, below) that are now
making peanut breeding faster, more efficient and more
economical. PGl research also helped to refine marker
identification, bringing further value to peanut breeding.

PGl-identified markers help breed new cultivars.
Marker-assisted selection using markers discovered by
PGl research has facilitated breeding of several new
peanut offerings, including but not limited to: Tamrun,
OL12, Schubert, NuMex-01, Olé, FloRunTM, Georgia 14N,
Georgia-19HP, Georgia-SP/RKN, TifNV-HIiO/L, TiflJumbo
and TifNV-HGC. PGl-aided MAS has also led to several
new sources of germplasm derived from wild peanut
species that can now be utilized in cultivated-peanut
breeding programs.

PGl research also refines markers. PGl-funded research
not only identifies new markers, but also further refines less
accurate markers, delivering added value to our breeders
and industry. Some markers are more specific, and
therefore higher quality, than others. High-quality markers
allow breeders to quickly determine if their breeding lines
contain desired traits, so they can better meet our industry's
needs. Lower-quality markers are helpful, but may not
always be accurate predictors of traits; PCl's work to refine

peanut markers makes these markers more useful.

University of Georgia
Wild Peanut Lab’s
Mark Hopkins is
shown making
plant crosses with
wild peanut species.
Photo source: UCA
Wild Peanut Lab.

WHAT IS MARKER-ASSISTED SELECTION?

A marker points to the specific region on a genome where a desired trait's genetic code is located. When a desired
trait's marker is detected by specially-designed testing, that confirms the trait is present. Marker-assisted selection
allows plant breeders to test for the presence (or absence) of a desired trait in the genome of a plant.

Plant MAS is a detection tool only; it does not genetically modify the plant in any way. That said, MAS is an incredibly
powerful, and valuable, detection tool for plant breeders.

MAS is now saving peanut breeders substantial money, and substantial time. Prior to PGl and PGI-II, peanut
breeders would have to repeatedly cross plant lines and grow them to maturity - sometimes by the hundreds, if not

thousands - to determine whether those plants possessed a desired trait. Thanks to PGl-funded research, peanut-
specific trait markers have been identified that are helping peanut breeders quickly determine whether a plant line
has the trait they want. (Back-crossing is still required to advance desirable plant lines, but breeders are no longer
wasting their time and money on lines that don't have desired traits.)

PEANUTRESEARCHFOUNDATION.ORG 1 'I




ONCE YOU HAVE A GENOME.
wWHAT DO you po WiTH 17> LISTEN.

The Peanut Research Foundation's 2013-2017 Peanut
Genome Initiative sequenced the genomes of cultivated
peanut and its two of progenitor wild species. While this
provided tremendous value to the research commmunity,
we recognized that additional work was needed before
PClI's full benefits could be realized by the peanut
industry. TPRF worked to close that gap by holding
learning and listening sessions across our supply chain.

Throughout 2017 and 2018, TPRF embarked on a series
of sessions to transfer PGl knowledge - and to gauge
the follow-on wishes of the industry. At each session,
TPRF briefly explained PGl accomplishments and future
opportunities, followed by an open discussion. We
explained then that there was still work to do before
impacts could be realized by industry, and that some
goals would take longer to achieve than others.

We reported that significant progress had been made to
gene-map some traits, such as leaf spot resistance. We
also noted that some traits are extremely complex - such
as drought tolerance, aflatoxin resistance and flavor - so
progress on them would likely take years.

Listening sessions were conducted with various peanut
industry groups. A particularly good discussion occurred
at the 2017 Seed Summit, where all segments of the
industry were present. In addition, American Peanut
Council members were surveyed by email.

Table 1 demonstrates the potential returns to industry if certain
problems were solved with modern breeding tools. This data is
excerpted from TPRF's final report on PGl. Table 2 summarizes
research needs identified by industry members at the 2017
Seed Summit brainstorming session.

TABLE 1: ESTIMATED SAVINGS AND REVENUE OF ADOPTING PEANUT GENOME INNOVATIONS

Estimated savings and revenue per year if all available genomic tools are put to use. Based on 2011 estimates.

TRAIT

Savings
Drought Tolerance? $8.87 million
Early leaf spot $31.75 million
Late leaf spot $21.31 million
Tomato spotted wilt virus®
White mold (A. rolfsii) $4515 million
Sclerotinia $218 million
Nematode $12.24 million
A flavus/A paraciticus $25.00 million

Increase folate & high oleic content
TOTAL

$146.50 million

PER YEAR

Increased Revenue Total'

$60.32 million $69.19 million
$31.75 million
$21.31 million

$24.99 million $24.99 million
$4515 million

$6.75 million $8.93 million

$43.62 million $55.86 million
$25.00 million

$100.00 million
$382.18 million

$100.00 million*
$235.68 million

'Savings and revenues will vary year to year based on acreage and weather conditions. This chart is based on 1.34 million peanut acres.
2Savings estimate based on 36,086,044,968 gallon/year in water use efficiency: revenue estimate based on improved drought

tolerance.

s Reflects losses only to tomato spotted wilt virus. Estimates were not developed for expenses related to condensed planting window and

potential losses due to later harvest.
“Revenue for each new health claim, per IM Smuckers.

Source: Information supplied by Marshall Lamb, Tim Brenneman, Ph.D, Bob Kemerait, Ph.D, David Jordan, Ph.D, John Damicone, Ph.D,

Barbara Shew, Ph.D, and Jason Woodward, Ph.D.
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TABLE 2: RESULTS OF RESEARCH BRAINSTORMING SESSIONS

The following research priorities were identified by industry attendees at a brainstorming session conducted at the
Seed Summit on July 11, 2017 in Albuguerque, New Mexico. That session was hosted by American Peanut Research
and Education Society. Research topics have been grouped by theme.

Germplasm Support

Free exchange of germplasm; open availability of genetic resources

Support for development of inter-specific populations; introgression of useful traits
More structured populations

Genotype and phenotype core collection

Re-sequence entire germplasm collection

Re-sequence drought-susceptible and drought-tolerant groups of genotypes

O O 0O 0O 0 O

Genomic and Genetic Information Management
o Establish committee to review potential genome assembly releases Improved

o 9enomic techniques (e.g. quantitative trait loci sequencing) Marker-assisted
o selection for gene stacking
o Informatics/information systems; maintain/update PeanutBase online resource

Yield/Grade Improvement

o Yield-limiting stresses; yield per gallon of water/drought tolerance
o Yield and grade/economic return

o Sustainability

Biotic and Abiotic Stress Mitigation

o Leafspot

o Nematode

o Peanut smut

o Markers for key diseases: tomato spotted wilt virus, Sclerotinia, white mold, Cylindrocladium black rot

Traits Important to Manufacturers/Consumers

o Flavor

High-oleic peanut; continue some research of normal oleic peanuts
Uniform kernel-size distribution

Aflatoxin

Maintain/enhance health benefits

O O O O

Genetic Techniques Development
o Conduct seminar at APRES on DNA extraction, genotyping,
marker-assisted selection

General
O Sustain long-term research

Industry identified locating genetic markers

for tomato spotted wilt virus (damage shown
here) as a research priority during APRES's 2017
research brainstorming session. Photo source:
University of Georgia Extension.

PEANUTRESEARCHFOUNDATION.ORG 'I 3




ral-I Moves TO ANSWER INDUSTRY’S NEEDS

The 2013-2017 Peanut Genome Initiative was a huge success in creating peanut genome resources upon which
modern peanut-breeding technologies could be built. During PGl learning and listening sessions in 2017 and 2018, our
industry told us what they hoped to achieve with these new tools (see Table 2). Based on that input, in 2018 The Peanut
Research Foundation proposed a follow-on, four-year Peanut Genome Initiative - Phase . It was also generously
funded by all peanut industry sectors. PCI-1I research got underway in 2020, and was still ongoing when this report was
published in early 2023.

Industry again steps up with funding. PCI-1I's $2,400,000 budget was funded over four years. Once again, costs were
divided as equally as possible among grower, sheller and manufacturer sectors, with additional funding from allied
industries.

PGI-Il focuses on industry priorities. PGl-II's mission was to use our new genomic tools to address four specific issues
important to our industry:

disease
resistance, quality traits
initially including
focusing on flavor
leaf spot

drought aflatoxin

tolerance resistance

Some overarching goals supporting all four of these
issues - such as germplasm conservation, and managing
data through the online resource PeanutBase - were
also identified.

Its results are already resonating. While PGI-Il research
was still ongoing when this report was published,
significant achievements in peanut breeding have already
been made. These include the release of cultivars with
exceptional resistance to leaf spot and the discovery of
more markers, including one for aflatoxin.

Some of the achievements of 10 years of research under the PG/

and PGI-Il initiatives are listed on pages 3-5, in summary format. PGI's mapping of wild and cultivated peanut

These qchievements were made possible by the financial genomes facilitated breeding of disease-resistant

commitments of numerous donors from the peanut varieties. For example, this popular peanut

peanut industry, listed in Appendix 1. cultivar (shown left) was improved to include disease
resistance (shown right) from the wild A. cardenasii.
Photo source: David Bertioli, Ph.D, University of
Georgia.
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WHERE oo e co FROM HERE?

The Peanut Research Foundation's Peanut Genome Initiative and
PCI-1l have generated real results for the U.S. peanut industry (see
pages 3-5). The scientific community and the peanut industry are
giving positive feedback (see appendix 4). TPRF has just funded
PCI-II's last year of research projects. So once again, it is time for
the peanut industry to decide whether research will continue to
be an industry priority. To make your wishes known, contact any
member of TPRF's board of directors, listed in Appendix 5.

TPRF generates real-world results. Because of the insight of the
peanut industry leaders who founded TPRF a decade ago, we
now have the capability to find beneficial genes in cultivated and
wild peanuts that can possibly lead to even greater yields, lower
production costs, lower losses to disease, improved processing
traits, improved nutrition, improved safety and better flavor -
virtually any trait that is genetically controlled by the peanut plant.
Some of those benefits are already a reality.

Those results benefit the entire industry. PGl and PGI-I|
achievements will lead to improved peanut sustainability,
profitability of every segment of the industry, and competitiveness
with other crop choices that peanut farmers may have. These
accomplishments have opened doors for breeders to control
peanut traits like never before, without using controversial and
expensive genetic-modification techniques. No one anticipates

a single cultivar which will serve the entire industry. Rather, Where should peanut genome research go from here?
marker-assisted breeding will lead to many improved cultivars We want to hear from you. Contact any member of

. . ; . TPRF's board of directors listed in Appendix 5. Photo
which meet the needs of specific production regions, and source: American Peanut Council.
consumer demands.

You can help direct the future. Should peanut genome

research continue? What research should we focus on? “THE QUALITY AND COMPLETENESS OF
What are your specific research needs? Let us know by [PGI’S] PEANUT GENOME SEQUENCE
contacting any member of TPRF's board of directors, EXCEEDS ANYTHING TO DATE THAT HAS

listed in Appendix 5. BEEN PRODUCED FOR A TETRAPLOID CROP

PLANT ... IT’S REALLY, REALLY
GOop!”

Jeremy Schmutz
Hudson Alpha Institute for
Biotechnology

PEANUTRESEARCHFOUNDATION.ORG 1 5




APPENDIX T:

PEANUT GENOME INITIATIVE DONOR RECOGNITION

The following organizations generously supported the Peanut Genome Initiative, PGI-II, or both.

U.S. Peanut Shellers:

American Peanut Shellers
Association:

» Birdsong Peanuts

« Coastal Growers

« Golden Peanut and Tree Nuts

« Premium Peanut

« Olam Peanut Shelling Co.

« Trico Peanut

« Williston Peanuts

American Peanut Growers Group

Birdsong Peanuts

Tifton Peanut Company

Severn Peanut Company

Brooks Peanut Company

Sessions Company

Tifton Quality Peanuts

Golden Crove

Wilco Peanut Company

Food Manufacturers:
Algood Food Company
American Blanching
Arway Confections, Inc.
Diamond Foods, Inc.
E.J. Cox

Hampton Farms

The Hershey Company
John B. Sanfilippo & Son
Jimbo's Jumbo's

The J.M. Smucker Company
Kraft - Planters

Mars Wrigley

Old Home Foods

Pardoe’s Perky Peanuts
Peanut Butter & Company
The Peanut Shop of Williamsburg
Producers Peanut Company
Hormel Foods
Snyder's-Lance

U.S. Peanut Producers:

National Peanut Board

Florida Peanut Producers Association
Texas Peanut Producers Board
Georgia Peanut Commission
Alabama Peanut Producers Association
Rogers Brothers Peanuts

Allied Sector:
BAGC.

Bayer CropScience
Chips Group
Concordia, LLC

Dothan Warehouse

Early Trucking Company

Georgia Federal-State Inspection
Service

Hofler Brokerage

International Service Group

JLA USA

Jack Wynn & Company

J.R. James Brokerage

Lewis M. Carter Manufacturing

Georgia Cold Storage Company

Kelly Manufacturing Company

Lovatt & Rushing

Mazur & Hockman

M.C. McNeill & Co.

National Peanut Brokers Association

National Peanut Buying Points
Association

Nolin Steel

O'Connor & Company

Olam International Limited

RCB Nuts

Reed Marketing, LLC

Satake USA, Inc.

SGL International, LLC

Southern Ag Carriers

Thomas Truck Lines

APPENDIX 2:

PEANUT GENOME INITIATIVE TECHNICAL CONTRIBUTORS

The following organizations provided scientific and other technical support to PCl.

Auburn University
BGI-Americas

Peanut Company of Australia
Shandong Academy of Agricultural Sciences

Catholic University-Brasilia

Chinese Academy of Agricultural Sciences

EMBRAPA

Gates Foundation

Henan Academy of Agricultural Sciences

International Crops Research Institute for the Semi-Arid
Tropics (India)

Indian Council of Agricultural Research (India)

Kazusa DNA Research Institute (Japan)

National Center for Genome Resources

North Carolina State University

Texas A & M University

University of California at Davis

University of Florida

University of Georgia

US. Department of Agriculture Agricultural
Research Service

Volcani Center (Israel)
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APPENDIX 3:

INTERNATIONAL PEANUT GENOME INITIATIVE EXECUTIVE COMMITTEE

IPGl's Executive Committee provided invaluable guidance and direction to the Peanut Genome Initiative.

Membership as of July 2017.

Scott Jackson, University of Georgia (UGA), Chair
Corley Holbrook, U.S, Department of Agriculture

Agricultural Research Service (USDA ARS), Co-chair
Peggy Ozias-Akins, UGA, Co-chair

David Bertioli, University of Brasilia

Soraya Bertioli, EMPRAPA (Brazil)

Mark Burow, Texas A&M University

Ethy Cannon, lowa State University

Steven Cannon, USDA ARS

Kelly Chamberlin, USDA ARS

Haile Desmae, International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) (India)

Andrew Farmer, National Center for Genomic Resources

Lutz Froenicke, University of California at Davis

Baozhu Guo, USDA ARS

Ron Hovav, ARS TVC (Israel)

Sachiko Isobe, KDRI (Japan)

Boshou Liao, CAAS (China)

Xin Liu, BGI (China)

Richard Michelmore, University of California at Davis

Victor Nwosu, Mars, Inc.

Brian Scheffler, USDA ARS

Raymond Schnell, MARS, Inc.

Guillermo Seijo, IBN (Argentina)

Tom Stalker, North Carolina State University

Barry Tillman, University of Florida

Xingjun Wang, SAAS (China)

Graeme Wright, Peanut Company of Australia

Howard Valentine, The Peanut Foundation

TPRF's Steve Brown
addresses IPG/
members at the
group’s 2019 meeting
in Jinan, China. Photo
source: The Peanut
Research Foundation.

|

Rajeev Varshney, ICRISAT (India)
Rich Wilson, The Peanut Foundation
Xingyou Zhang, HAAS (China)

Ex Officio Members:

Steve Brown, The Peanut Research Foundation
Jeff Ehlers, Gates Foundation

David Hoisington, Peanut Innovation Lab

Maricio Lopez, EMBRAPA

Fuhe Luo, CPPCC & CAPD CC

T. Radhakrishnan, DGR, ICAR

Jean-Marcel Ribuat, GCP

Roy Scott, USDA ARS Office of National Programs
Howard Shapiro, MARS, Inc.

Xun Xu, BGI-Shenzhen

“THIS IS THE LARGEST RESEARCH
PROJECT OUR INDUSTRY HAS EVER
UNDERTAKEN. | CONSIDER THIS A VICTORY
FOR OUR INDUSTRY EFFORTS, WITH

MORE T0 COME!”

George Y. Birdsong
Birdsong Peanuts

“-.._
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APPENDIX 4:

FEEDBACK ON PGI FROM KEY SCIENTISTS AND INDUSTRY

REPRESENTATIVES

“The quality and completeness of
[PCI's] peanut genome sequence
exceeds anything to date that has
been produced for a tetraploid crop
plant .. It's much more complete

than our cotton assemblies. It's really,

really good!”

Jeremy Schmutz, HudsonAlpha
Institute for Biotechnology

“PCl has had a tremendous impact
on my breeding program. The
advances in genetic technology
[now] available to peanut breeders
is allowing us to routinely do things
that were unimaginable 10 years
ago. This has greatly improved the
effectiveness and efficiency of our
cultivar development program.”

C. Corley Holbrook, Ph.D, peanut
breeder, US. Department of
Agriculture Agricultural Research
Service

“We have initiated several mapping
projects using the published
genome sequences, which has
made this type of work more routine
and less expensive than in the past.
Additionally, [we now have] a better
understanding of how our cultivars
are related, and where the new
breeding lines fit in the family tree
beyond what a pedigree can tell

us. This allows us to make better-
informed crosses to develop new
genetic variation.”

Nino Brown, Ph.D, peanut breeder,
University of Georgia

18

“The peanut industry can be very
proud of [PGI]. As more of breeding
programs become knowledgeable
of how to use PGlI's results, its utility
will show in advances within the
entire industry. The usefulness will
be tied directly to the USDA ARS
germplasm collection we have in
Criffin, Georgia, and especially the
wild relatives of the peanut in that
collection. Continuation with Phase
Il is essential to help adoption of the
technology.”

Charles E. Simpson, Ph.D, professor
emeritus, peanut breeder and
germplasm specialist, Texas A&M
Agrilife Research

‘I am proud of our peanut industry
for undertaking the project to map
the peanut genome. This was the
largest research project our industry
had ever undertaken. After six

years of research, we identified and
published the genome in 2019. We
then developed marker-assisted
selection breeding practices that
are now used by almost all breeders
to speed development of new
varieties with better traits of disease
resistance, yield and quality. The first
variety developed fully with our MAS
methodology will be released in
2023, and will be leaf spot resistant.
Consider this a victory for our
industry efforts, with more to come!”

George Y. Birdsong, CEOQ,
Birdsong Peanuts

PGl: DELIVERING 10 YEARS OF PEANUT GENOMIC SCIENCE AND COMMERCIAL ROI

“We have made tremendous
advances in technology that helped
our farmers set record average
yields over the past 20 years, but
nothing has contributed as much as
improved genetics. To continue the
upward trend of yields will require
exploiting the genomic advances we
have made through PGI. With the
mapping of the peanut genome,
the use of genetic sequencing

and marker-assisted breeding, we
have powerful genetic tools that

will require resources to deploy.
Genotyping and phenotyping

the known inventory of peanut
germplasm will take time, energy
and financial commitment. |
sincerely believe we have the genetic
potential to achieve a 5,000-pound
national average [yield] within the
next 10 years with traits that have
emerged or are on the horizon
through PGI. But the work must
continue.”

Bob Parker, president & CEQ,
National Peanut Board

“‘Supported by the entire industry,
the Peanut Genome Initiative has
generated lots of genetics and
genomics resources to leverage and
make the United States the most
efficient and reliable peanut origin.
We are in a better position to benefit
from the wild species in the US.
collection.”

Victor Nwosu, formerly of
Mars Wrigley




APPENDIX 5:
2023 THE PEANUT RESEARCH FOUNDATION BOARD OF DIRECTORS

Officers:

Jack Davis, LA, Chair
Courtney Dorsett, Premium Peanut, Vice Chair
Chris Liebold, The .M. Smucker Co., Treasurer

At-Large Members:

Lindsay Bashore, Hormel Foods

George Birdsong, Birdsong Peanuts

Donald Chase, Georgia Peanut Commission

Darlene Cowart, Birdsong Peanuts

JR Cudd, Texas Peanut Producers

William Pearce, Golden Peanut & Tree Nuts

Rachel Santos, Premium Peanut

Peggy Tsatsos, Mars Wrigley

Dan Ward, North Carolina Peanut Growers Association

Other Members:

Jennifer Bencz, Allgood Foods, Manufacturer Representative

John Gray, American Peanut Shellers Association, Sheller Representative

Collins McNeil, M.C. McNeil & Co., Current American Peanut Council Board Chair
Jon Moore, James Brokerage, Allied Representative

Bob Parker, National Peanut Board, Grower Representative

“I SINCERELY BELIEVE WE HAVE THE
GENETIC POTENTIAL TO ACHIEVE A
5,000-POUND NATIONAL AVERAGE [YIELD]
WITHIN THE NEXT 10 YEARS WITH TRAITS
THAT HAVE EMERGED OR ARE ON THE
HORIZON THROUGH PGI. THE WORK
MUST CONTINUE.”

Boh Parker
National Peanut Board
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