3BUR Proposal for Integrated Research

Approved by TACF Science Oversight Committee, 11-NOV-2016

Introduction:

The 3BUR (Breeding, Bio-control, and Biotechnology United for Restoration) ad-hoc
committee was established to propose ways that the three major research tracks might
integrate their efforts to benefit American chestnut restoration. Expected outcomes of the
3BUR committee included:

* increased communication and trust between research partners
* increased collaboration in research, membership, funding, and shared goals
e focus on specific questions and creation of a road map for working together

The purpose of this proposal is not to replace any on-going programs, but instead to
augment them through collaborations that are mutually beneficial to reaching common
goals.

Background:

Since its inception in 1983, The American Chestnut Foundation (TACF) has pursued
several different major paths to reintroducing this iconic tree to our forests. These
have included the backcross breeding program, biotechnology, and hypovirulence.

The backcross breeding program is based on the methodology proposed by Charles
Burnham, and it has been implemented by TACF at its research farm in
Meadowview, VA, and at orchards planted by sixteen different TACF state chapters.
The backcross breeding program was originally focused on selection for blight
(Cryphonectria parasitica) resistance. More recently, the program has been
expanded to also select for root rot (Phytophthora cinnamoni) resistance and to
incorporate genome mapping and marker assisted selection. These additional
selection criteria and methods will require transitioning the backcross program into
a recurrent mass selection program.

The biotechnology program has developed under the auspices of the State
University of New York, College of Environmental Science and Forestry (SUNY-ESF)
and the New York chapter of TACF. In this program, individual genes are being
tested in American chestnut for their ability to enhance pathogen resistance using
the tools of genetic engineering and molecular biology. Through this search a gene
that produces an oxalate detoxifying enzyme has been found to enhance blight
resistance significantly.

These programs are now reaching a point of maturation, and as such TACF should
consider whether and how they might be integrated with each other in order to plan
for the beginning of the reintroduction of the tree to the American forests near
future. In this regard, the breeding program has produced a late-generation
backcross hybrid American chestnut with increased levels of blight resistance and
strong American characteristics. The SUNY-ESF research using the oxalate oxidase
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enzyme is now promising enough that we believe governmental approval can be
obtained from USDA, FDA, and the EPA in three to five years. Approval for release of
transgenic American chestnuts (i.e., those containing the oxalate oxidase gene)
would allow the possibility to incorporate transgenics into TACF’s breeding
program. Such a merger would allow stacking of blight resistance genes, combining
Phytophthora resistance with transgenic blight resistance, and increasing the
proportion of American chestnut genes in the resulting progeny.

The breeding and biotechnology programs associated with TACF and SUNY-ESF
should be the basis for successful reintroduction of the American chestnut. It’s also
important to consider the genetics and evolution of C. parasitica, the fungus that
causes chestnut blight. This pathogen population is comprised of genetically
different strains that, during the early part of the 20t century, rapidly colonized the
entire native range of the tree. It happens that some strains of C. parasitica have
been weakened by viruses they carry in their cytoplasm. The viruses, termed
hypoviruses, do not kill the virulent strains but significantly reduce their ability to
cause lethal infections. When this condition exists the natural defenses of chestnut
may enable the tree to halt canker growth. This phenomenon has been termed
hypovirulence and has resulted in some degree of biological control of chestnut
blight in several regions of the world. Other bio-control options may prove to be
useful in the larger endeavor as well. To the extent that breeding, biotechnology,
and hypovirulence individually offer incomplete control of chestnut blight, it would
be useful to study how to combine them for a more synergistic result.

Because all three approaches (Breeding, Bio-control, and Biotechnology) hold keys
to the future of the species’ recovery, a task force was formed to develop a plan to
work more closely together in such areas as scientific collaboration, fundraising
(both private and public), media coverage, and ecological restoration at scale.

Resolutions for Consideration by the TACF Board

Be it resolved that TACF shall:

1. Adopt a holistic approach to the reintroduction of the American chestnut using all
the tools available that are effective and appropriate.

2. Continue the backcross breeding (BC) program, but screen seedlings for blight
and PRR resistance and move forward by only planting trees with the highest

phenotypic resistance f-e-top-5%3)-

3. Assemble additional reference genomes for major sources of resistance. Develop
low-cost targeted genotyping for the presence or absence of resistance alleles
through sequencing of appropriate segregating populations.

4. Continue to support the transgenic program based at SUNY-ESF for the
development of the oxalate detoxifying enzyme gene for blight resistance, including
ongoing environmental and safety testing required for the federal regulatory
review. Encourage the continued application of transgenic technology and emerging
technologies such as CRISPR to solving the blight resistance and Phytophthora
problems in American chestnut.



5. Support pilot programs under USDA APHIS permits to determine if the breeding
and transgenic programs would benefit from integration.

6. Create Germplasm Conservation Orchards (GCOs) for two main purposes: 1) for
use in introgressing genetic diversity and local adaptations into restoration trees
from both the BC and transgenic programs, and 2) to conserve genetic diversity for
future use and other research. Where needed and/or desired, employ
hypovirulence to extend the life of those trees.

7. Continue research into hypovirulence as a method to both enhance survival of
American chestnut trees, and also as an aid to bolster resistance in partially
resistant trees.

8. If regulatory approval isobtained, consider using the dominant blight resistance
provided by the transgenic American chestnut trees to help rescue as much
surviving genetic diversity as possible.

9. Consider developing an expanded educational outreach program to inform the
public about all aspects of chestnut restoration, including how biotechnology can
safely and effectively be used in conservation.

10. Use an integrated approach to link blight resistance to Phytophthora resistance
in restoration trees.

11. Encourage collaborations with other tree restoration efforts to share knowledge
and techniques.

12. Consider establishing large-scale “control” locations where no restoration
chestnuts will be planted. These locations can serve as study areas for long-term,
longitudinal demographic and epidemiological surveys of American chestnut sprout
populations.

13. Consider establishing demonstration plantings on sites typical of a chestnut/oak
forest containing, at a minimum: transgenic trees; the most advanced breeding
program trees available; pure, locally adapted American trees; and pure, locally
adapted Chinese chestnut trees.

Supplemental Biotechnology I nformation:

Since the biotechnology approach is the more controversial of the three, below are
questions and answers about how these newer tools can be integrated with the older,
more traditional tools. This focus on biotechnology integration doesn’t mean these tools
are better or worse than the others, it just addresses question some people may have about
their use. The overall recommendation of the committee is to use a full toolbox of
approaches, working together, to restore the American chestnut tree.

Questions:

Q1) Assuming Federal regulatory approval, which of following transgenic types
shall TACF support and provide some rationale? Consider both scientific and



political considerations and risks benefits to the mission of TACF...which is to
restore the American chestnut species to its historical range.

a. Some transgenic constructs

b. All transgenic constructs

C. Some cisgenics constructs

d. All cisgenics constructs

e. What about the newest tools such as CRISPR or related technologies
f. None

Summary Answer:

The goal of the American Chestnut Foundation, namely to “restore the American
chestnut to our eastern woodlands...”, would be best served by supporting the current
backcross breeding program andsome types of transgenic, cisgenic, or possible future
CRISPR-based trees. Regardless of how they are produced, the best American chestnut
trees for restoration purposes will be chosen based on effective blight resistance, safety to
humans and the environment, and traditional American chestnut growth characteristics
that would allow them to survive and thrive in their native habitat. Transgenic American
chestnuts already are being evaluated for all these criteria; US federal regulatory agencies
require transgenic plants to pass rigorous review processes before they are distributed.
Only trees that meet or exceed these strict standards would be considered for restoration.

Full Answer:

To answer this question, the stated goal of The American Chestnut Foundation must
be considered: “The goal of THE AMERICAN CHESTNUT FOUNDATION is to restore
the American chestnut tree to our eastern woodlands to benefit our environment,
our wildlife, and our society.”

The goal does not specify a method, but rather an endpoint and a rationale. Our best
chance of fulfilling this goal involves a full toolbox of techniques, working together
toward the common endpoint. The decision on what types of trees to potentially
employ in a restoration program should rest on the characteristics of the tree itself,
not on the tools used to develop it.

Therefore, the best answer to question #1 is to promote some type of genetically
engineered (GE) trees produced by cisgenics!, transgenics, and CRISPR, but not
necessarily all types of GE American chestnut trees. The criteria for selecting which
trees to promote should be the same as that for selecting trees produced by
traditional breeding methods. In both cases the trees would be chosen for their: 1)
efficacy of blight resistance, and later by resistance to Phytophthora root rot, 2)
safety to humans and the environment, and 3) adherence to the goals of The
American Chestnut Foundation to produce restoration trees for woodlands, rather
than primarily agricultural or ornamental trees.

1. Efficacy: American chestnut trees appropriate for restoration purposes
should demonstrate pathogen resistance equal to, or greater than, Asian
chestnut species that are able to coexist with the chestnut blight fungus.



Blight resistance should be durable and long lasting, and offer additional
benefits if stably inherited by future generations of American chestnuts,
especially through crosses with unique locally adapted surviving trees.
Imparting durable blight resistance to offspring and rescuing genetic
diversity represented in currently surviving American chestnuts would help
ensure the long-term survival of this species.

2. Safety to humans and the environment: No tree will be distributed that
presents enhanced risks to people or other organisms. Any new tree type
will be evaluated for safety compared to existing chestnuts, and to similar
trees that have replaced chestnuts in our forests. In fact, such safety
assessments are required as part of rigorous U.S. federal review process? for
transgenic plants, which must be completed before transgenic tree can be
released or distributed:

a. FDA oversees human food, animal feed, and nutrient content.

b. EPA oversees environmental impacts.

c. USDA-APHIS oversees potential non-target and weediness impacts.
Experiments to evaluate transgenic chestnuts for all these criteria have been
completed or are underway.

3. Pursuant to the goals of The American Chestnut Foundation to produce
restoration trees: The trees must retain enough of the American chestnut
character to be able to survive in its natural habitat as a canopy tree and be
able to return to its position as a keystone species within its natural range
the eastern forests of the U.S. and Canada.

a. Traits added will be ones necessary for restoration of the species to
the forest ecosystem. This includes blight resistance in the near term,
and eventually resistance to other pests (e.g., Phyotophthora or gall
wasp). Additional traits required to reestablish the population may
be considered if necessary.

b. Traits to avoid are ones for purely agronomic or horticultural gains
such as herbicide resistance, enhanced growth beyond what is typical
in the wild population, enhancing nut size or yields beyond what is
found in the wild populations, etc.

Footnotes:

1. There is no scientific distinction between cisgenics and transgenics. As the
terms are commonly used, “cisgenes” typically come from closely-related
species, while “transgenes” can come from unrelated plants or other
organisms. The process of adding new genes is the same regardless of
source, and the source of a gene does not dictate how big a change it will
impart. It is always the function of a gene, not its source, that is important.

2. Lists of tests currently being completed for the regulators:
a. A full description of the inserted genes, including precise DNA and
amino acid sequences.
b. Insert copy number, location, and flanking sequence details, to ensure
the new gene has not interrupted a gene or affected nearby genes



c. Database searches to ensure these are not known allergens, gluten, or
a toxin (note that the oxalate oxidase is actually an anti-toxin)

d. Measuring growth and form of the trees

Inheritance of the gene, its expression, and its blight resistance trait to

subsequent generations of chestnut trees

Mycorrhizal (beneficial fungi) colonization of roots

Insect feeding of leaves, terrestrial and aquatic

Bee feeding on pollen

Leaf litter decomposition

Nutrient content of nuts

Metabolomic comparisons to wild type and hybrid chestnut trees

. Leaflitter effect on seed bank germination

m. Multiple assays (based on DNA and proteins) to identify GE trees and
distinguish them from non-GE trees
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Q2) Aside from restoration, in what other ways, if any, could TACF use, promote
transformed, blight resistant American chestnut in order to advance its mission?

Answer:

A selling point of a comprehensive and well-rounded restoration program should
begin with blight-resistant transgenic trees as examples of what can be done with
technology. There are benefits to GE that are not found in backcross trees, and these can
be demonstrated as alternative and complimentary tools, highlighting benefits of both
research efforts. Transgenic American chestnuts have consistently high levels of blight
resistance and consistent American form. They retain 100% of their original American
chestnut genes (plus two new genes, the OxO and a selectable marker, which make up <
0.001% of the genome), and the blight resistance is heritable in every offspring that has
the transgene. Heritability (see point 1 below) is important to help rescue genetic
diversity, rare alleles, and local adaptation in the remaining American chestnut survivors
before these disappear forever. While not everyone will appreciate the benefits of GE,
these points might be valuable for some individuals, groups, or potential donors.
Potential for increasing American chestnut resistance to Phytophthoraor even rapidly
enhancing blight resistance in other species (example point 2 below) also could be
mentioned.

1. Enhancing genetic diversity and local adaptation in the restoration population

Once the OXO gene is outcrossed with existing pure American chestnut mother trees,
about half of the nuts will contain the resistance gene. This will allow the rescue of much
of the surviving genetic diversity in the chestnut population (figure below). One can also
start to build regional adaptability in states beyond NY. Parental line preservation
orchards can become a focal point for resistant pollen and grafting for resistant nut
propagation strategy.
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2. Stacking blight and Phytophthoraresistance genes

To restore the American chestnut to its full native range, Phytophthoraresistance will
have to be stacked with blight resistance. This can be accomplished by breeding
Phytophthoraresistant trees with the transgenic trees, identifying resistance enhancing
genes from other plants and adding them to chestnut, or a combination of the two. Upon
closer examination, one might be able to identify and clone the gene(s) that confer
Phytophthoraresistance in chestnut. This would be beneficial to many trees because
Phytophthoras a serious disease of many plant species.

3. Rescuing chinquapin from the chestnut blight

Because the oxalate detoxifying enzyme gene (OxQO) works by disarming the blight
fungus, it can be applied to other trees infected by this pathogen. There have been two
other species related to American chestnut that also have succumbed to the blight, the
Ozark chinquapin and the Allegheny chinquapin. Taking a proven construct with an
approved regulatory package for most of the dossier and using GE techniques in a related
species is scientific leverage. Such a strategy can help restore these other important trees,
would add new geography to the TACF program, adds to our potential donor base and
increases the possibilities for alliances with other conservation organizations in new
geography like the Ozark plateau states.

Q3) Regardless of policy recommendations in #1 what are the opportunities and
limitations for using GM Am. Chestnut as:

a. Clonally propagated cultivar

b. Parent material for a two generation breeding program with straight Am
Chestnut to introgress new gene into true Am. Population



C. TAs parent material in back cross program to augment resistance from
Chinese alleles?

Answer:

1. Until Federal approval of the right-to-plant anywhere for the three agencies previously
discussed, the transgenic trees, their pollen, and their nut and seedling progeny must be
contained on permitted sites totaling less than 10 acres of total production. Every
transgenic tree planted must be accounted for, controlled, and reported to the USDA-
APHIS-BRS.

2. Once approved, there will be no planting limitation required by federal or state
registrations for the approved transgenic lines and their offspring. The EPA and some
states require an annual fee and paperwork from the holders of the registration (SUNY -
ESF). There is a possibility that this may be waived since this is not a commercial
product. Usually there is no additional testing by the states because state authority cannot
breach Federal PIP authority. This is the same logic as a drug approval system.

3. Clonal propagated cultivars do not have the vigor and survivability as a nut based
seedling, so clonal lines will be used only as starter trees to be outcrossed, which will
enhance diversity and regional adaptions. About half the offspring from a given cross
with one transgenic parent will inherit the transgene, and those that inherit the transgene
should be just as blight resistant as the transgenic parent, regardless of the status or
resistance of the non-transgenic parent. Thus, opportunities for Q3 point a. are limited,
but point b. is potentially hugely beneficial, possibly even critical, to a restoration
program.

4. There is an opportunity to use transgenic trees to help the breeding program stack
Chinese chestnut genes by protecting the trees during the vulnerable heterozygous CC
gene stages of the crossing. Because of an easy OxO detection leaf assay (different than
the resistance leaf assay), the transgene could be bred out to produce non-transgenic trees
at any given generation (see figure below). This would effectively offer blight protection
as desired during certain selected breeding generations. Stacking OxO with resistance
alleles from the backcross program also could result in more durable blight resistance
than any single gene alone.
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Q4) What specific options should be explored for offering to members, partners,
and the public in the future?

Answer:

1. There are many possibilities including free transfer, fee transfer, or multiplication
licenses with or without fee obligations (Note that these trees are not patented and
therefore the public can propagate them. The NY Chapter has considered trademarking
the ‘Darling’ line trees for quality control and to differentiate trees produced by them and
tests from other people producing these trees. This is still in the discussion stage.).

2. The cost of producing transgenic nuts and seedlings initially will be high but will
come down over time with a well-designed production strategy.

3. Monitoring studies would be good to initiate within the first few years of transgenic
seedling limited production. Plans have begun for a demonstration plot near SUNY-ESF
that would be studied by ESF students over the long-term. This could be duplicated in
other states in collaboration with local universities.

4. Multiplication, survivability and public branding should be part of the strategy to ramp
up availability. Also critical is assurance by the public that they are getting a bight
resistant tree. Many alternatives should be tried and documented.

5. Given the fact that ESF is still in the early stages of the federal regulatory review
process and the fact that the results of this review are somewhat political and out of our
control, there is no guaranteethat transgenic chestnut trees will ever be available for
public planting (although approval is expected). Thus, no promise should be made on
availability or distribution of blight resistant transgenic trees until they are approved by



the USDA, EPA, FDA, and possibly Canadian regulatory agencies if these trees are to be
exported there.

Q5) Based on the above options how specifically should TACF and SUNY-ESF
collaborate to develop and deploy plant material derived from the SUNY-ESF/ NY
Chapter collaboration?

Answer:

1. Initially, a fundamental obligation is not to make a premature public release of an
unapproved transgenic line or pollen.

2. Development of parental lines and nut production can occur while going through
the regulatory approval process, but only in tightly controlled and protected sites (USDA
APHIS BRS permits are needed until non-regulated status is given). Additional nut
production nurseries/sites potentially can be added, especially in different regions to
enhance local adaptability, but the 10-acre cap remains in effect until federal approval is
granted. TACF collaboration on nut production orchards, and availability of regionally
adapted mother trees, potentially would be very beneficial, depending on permitting
requirements.

3. Techniques for optimizing early pollen production using ESF’s high-light
procedures creates backcrossing and biodiversity-capture leverage from shorter
generational turn around. This skill should be advanced.

4. Nut production and container seedling survival optimization production
techniques can be developed during the regulatory approval process. Both groups have
unique experience in these areas, so collaboration could be mutually beneficial.

5. Each state chapter, and the TACF Meadowview farm, should debate and decide
whether or not they want to become involved with creating any of the following:

a. Pure regional mother tree orchards to capture local biodiversity for future
crossing.

b. Hand pollen crossing program of local mother trees with an approved transgenic
line.

C. Crossing program with the most advanced BC local parent lines with a transgenic

line. (Note that any of these participation opportunities may be done on a limited scale
under permit during the review process, but they also will be important for ongoing
restoration efforts if/when regulatory approval is granted.)

Q6) How can these recommendations be described as matter of policy in our science
and restoration goals to the public in a concise fashion ...What is the elevator speech
for board members and publications?

Answer: (see also answers to Q2 above: GE offers unique benefits including a full
American chestnut genotype, very high levels of blight resistance, heritable full
resistance to offspring, and genotype rescue/recapture. Not a replacement for backcross
breeding, but an important alternative or complementary tool.)

1. The transgenic American chestnut is not intended to replace the current breeding
efforts, but instead to add new tools to augment the restoration of the American chestnut
tree. Restoration requires need all the tools available to ensure the return of this
foundational species.
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2. TACEF’s first transgenic line, developed at SUNY-ESF, will use the oxalate-
detoxifying enzyme (OXO) to enhance blight resistance. The transgenic line will be taken
through full and complete Federal review. The Federal review is a rigorous process with
more than a 20-year history of approving constructs that are safe to humans, domestic
animals, wildlife, and the environment. The Federal decision on OXO safety profile will
be respected and the public educated appropriately regarding their conclusions.

3. The program of building knowledge of newly identified resistance genes from the
most resistant Chinese chestnut parents will be continued. This knowledge will be used to
improve the backcross program, and potentially develop second-generation transgenic
lines with the goal of increasing levels of sustainable blight resistance.

4. Once a transgenic line is federally approved, TACF will release locally adapted lines
to the public and demonstration forests. These could be used for direct planting, or
further breeding for independent distribution, enhanced regional adaptability, and
rescuing unique genotypes from surviving trees.

5. Long-term monitoring programs will study survivability, disease resistance, benefits
to forests and changes to the ecosystems.

6. TACF will continue to grow its expertise in blight and other disease resistance,
regional adaptability, most efficient nut and seedling propagation systems and public
education and volunteer participation.

7. SUNY-ESF will continue to enhance its skill at providing the studies required for
regulatory approval.

8. Communication of results of our science-based studies regarding all resistance
technology will be transparent. TACF will grow its skills in educating its members,
conservation-minded partners, and the public regarding any transgenic construct that is
being researched, developed, submitted to the regulators, or offered to the public for
planting.

9. A huge strength of TACF, and a relative weakness of SUNY-ESF’s science team, is a
consistent public outreach. It would be hugely beneficial to ESF’s programs, and biotech
research in general, to spread positive, science-based perspective on genetic engineering,
and intentionally avoidingthe fear that often comes with the limited perspective of
certain groups.

10. Another strength of TACF is its loyal donor and membership base. This includes
members of the New York Chapter who have historically supported the transgenics
research at SUNY-ESF. However, if a merged research approach is embraced by both
TACF and SUNY-ESF, communication efforts will be needed to address 3 discrete
audiences of current and potential members, volunteers and donors. Some of these
individuals will whole-heartedly support GE trees. There are those who are unsure
whether to support or reject GE plants. Finally, there are those who are totally opposed
to GE plants on any scale or for any reason. Thus, the importance of this document and a
future communication plan is to assure those in the first group of the safety of a GE
chestnut tree and educate those in the second group. The third group will be unaffected
by any document or communication, as they are staunch opponents of GE plants under
any circumstances. TACF must prepare for a shift in support (gain new and lose
existing) which may be dramatic if not managed and communicated simply, transparently
and positively.
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