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North American Forest Species Under Threat

American chestnut (Castanea dentata) i chestnut blight, Phytophthora
root rot

American elm (Ulmus americana) i Dutch elm disease

Eastern hemlock/Carolina hemlock (Tsuga canadensis/Tsuga
caroliniana) i Hemlock woolly adelgid

All North American ash (Fraxinus) speciesi Emerald ash borer

Sugar maple (Acer saccharrum) 1 Asian longhorn beetle

Black walnut (Juglans nigra) i Thousand cankers disease

Oaks (Quercus spp.) i Sudden oak death

Redbay/swamp bay/sassafras (Persea and Sassafras spp.) i Laurel wilt
Fraser fir (Abies fraseri) i Balsam woolly adelgid

Port Orford Cedar (Chamaecyparis lawsoniana) i POC root disease

Atlantic white cedar (Chamaecyparis thyoides) i overcutting, loss of
habitat



Some approaches to combatting established,
Invasive forest tree pests and pathogens

A Eradication

A Containment (quarantine)

A Biological control (predators, parasitoids)
A Chemical control

A Host resistance

I Employ natural resistance within species using selection
and breeding

i Hybrid breedingd introgress genes from resistant
relatives

I Mutation breeding
I Genetic engineering



Genetic resistance success story:
Multiple Dutch elm disease-resistant American elm varieties have
been propagated via rooted cuttings
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The impact of host genetic resistance programs can be
greatly leveraged by in vitro mass clonal propagation

Types of in vitro propagation

A Micropropagation (Axillary
shoot culture)

A Organogenesis
(Adventitious shoots)

A Somatic embryogenesis




In vitro propagation
(tissue culture) Is
performed In a sterile
bench to prevent
contamination by fungi
and bacteria




Somatic Embryogenesis (SE):

A process by which structures (n
embryos are produced asexually. These somatic embryos can be
germinated like seeds to produce clonal seedling-like plantlets
(Asomati c seedli ngso)

Yellow-poplar
somatic embryos Germinating

somatic embryos

Somatic seedlings



Potential applications of SE systems for
threatened forest species

A For mass clonal propagation of promising pest- or
pathogen-resistant/tolerant genotypes generated
ny selection and breeding programs

A To help conserve genetic diversity of threatened
species populations
I SE cultures are easy to cryostore and recover

A To provide a means of regenerating transgenic
trees engineered for insect- or disease-
resistance/tolerance
I For candidate resistance gene testing
I For deployment i could happen for one forest tree soon




Examples of development and application of In
vitro propagation for threatened tree species

A American chestnut (Castanea dentata)

A Eastern and Carolina hemlocks (Tsuga
canadensis and Tsuga caroliniana)

A Ash species (Fraxinus pennsylvanica, Fraxinus
americana, Fraxinus latifolia)

A Franklin tree (Franklinia alatamaha)
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American Chestnut Was Central to Appalachian Life




Nuts from American chestnut were a staple for
people and wildlife
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The chestnut blight fungus (Cryphonectria parasitica)
was accidentally introduced to the U.S. on Asian chestnut trees
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The fungus is necrotrophic, killing tissue with oxalic acid. The infection forms
a sunken canker, eventually girdling the tree




Chestnut blight wiped out ~4 billion American chestnut trees
between 1904 and 1950

Photo courtesy Great Smoky Mountains National Park
Library and The American Chestnut Foundation



The American Chestnut Cooperators Foundation (ACCF)
breeds among Large Surviving American (LSA) chestnuts to
produce progeny with blight resistance

Thompson and
Ragged Mountain Trees

Ambherst, VA Tree Adair County, KY Tree



The American Chestnut
ono

~Foundat |
packcross breeding
program with Chinese
chestnut

Chinese chestnut
IS blight resistant,
but is not a canopy
tree

ADDITIONAL AMERICAN CHESTNUT CHARACTERISTICS ARE REGAINED WITH EACH BACKCROSS
TACF expects a high level of blight resistance and American characteristics to be present in
selected BC3F, seed orchard parents. Their BC3F3 progeny will be extensively tested by
TACF for blight resistance and ability to compete in the forest.

Chinese x  American — This cross produces an F4
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BCy; x  American — This is the third backcross to the American
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BC3F3 — This is the final intercross,
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high level of blight resistance
in initial forest test-plantings.
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Open-pollinated seed production



