
Bringing back the 
American chestnut

January 11, 2021
PA/NJ Chapter of the American Chestnut Foundation

Chestnut Week at the Pennsylvania Farm Show

Mike Aucott, Ph.D. 

Board Member, PA/NJ Chapter, American Chestnut Foundation

Adjunct Professor of Chemistry, The College of New Jersey

mlaucott@gmail.com

mailto:mlaucott@gmail.com


Overview

• History
– American chestnut, Castanea dentata, was a 

beloved and high value tree
• Excellent producer of strong, rot-resistant timber

• Reliable nut producer, for people and wildlife

• Fast growing, drought tolerant, widely adapted

– Nearly wiped out by chestnut blight fungus, 
Cryphonectria parasitica

– Early efforts to bring it back failed

• New efforts to bring it back 
– Based on better understanding of genetics

– TACF’s 3BUR; breeding, biotechnology, biocontrol



Overview, cont’d.

New efforts:

1. Backcross breeding program
2. Pennsylvania chestnut timber tree program
3. Biological control of blight fungus
4. Genetic engineering
5. Finding and propagating surviving American chestnuts



History….



The mighty oaks of today once 
had a big brother….



“Gathering 
Chestnuts” 
1878 Engraving by
J.W. Lauderback

(in Fairmount Park, 
Philadelphia)



In the open, 
it spread 
broadly





In the forest, it grew tall



West Virginia 
~1910



Smoky Mts., ~1910



Bedford 
County, PA, 
~1912





American chestnut workbench 
belonging to William Aucott, 
probably made ~1900



Percent Timber Acreage American Chestnut, 1911





Trees in bloom



The blight 
probably first 
appeared in the 
late 1800s; it was 
first identified in 
1904.  Its spores 
spread by the 
wind, birds, and 
insects, the blight 
advanced steadily 



…leaving “ghost forests” in its aftermath



The tree still survives in the understory 
in some parts of its former range.  

But these “stump sprouts” usually 
succumb to the blight before they are 
15 or 20 feet tall. 

It is no longer seen in some areas 
where it was once plentiful.



Blighted stump sprout in 
the Allegheny National 
Forest.



A spreading blight canker



5-year old tree cut back 
by chestnut blight



Discoloration
and canker 
caused by 
blight, 
usually 
accompanied 
by vigorous 
sprouting 
from the 
roots



There are many challenges in breeding chestnuts 
that can survive in the North American forest.  
Two main ones are:

• The tree must be blight tolerant.

• The tree must be able to reach the canopy; it 
won’t bloom unless it’s in full sun.  If it doesn’t 
bloom, it won’t produce seed. 



Chinese and Japanese chestnuts have been key players in breeding efforts.  
They are often quite blight-resistant, BUT they grow like apple trees and 
cannot reach the canopy of the North American forest.  



Initial attempts to breed blight resistant trees 
and restore the American chestnut were not 
successful, and were mostly abandoned by 
the 1960s

The failures stemmed from a limited 
understanding of genetics



Gregor Mendel ‘s 
groundbreaking 
genetics research 
was ignored for 
decades but was 
rediscovered in the 
early 1900s and 
began to be put to 
use in the 1930s



Mendel worked mostly with peas, but the basics 
of his findings are illustrated by the gene for eye 
color.  

Eye color is essentially controlled by one gene.  It 
has two alleles, which separate and recombine 
in reproduction.  

The gene for brown eyes (B) is “dominant” and 
the gene for blue eyes (b) is “recessive”.  

Patterns of gene inheritance can be depicted 
with Punnett squares.



If both alleles are the same, the genotype is 
homozygous.  

If the alleles are different, the genotype is 
heterozygous.

In the case of eye color, depending on the 
genotype, the phenotype – the observable 
characteristic - is either blue or brown. 



B B

b Bb Bb

b Bb Bb

Parent:  homozygous dominant (brown eyes)

Parent: 
homozygous 
recessive  
(blue eyes) 

Offspring: 
heterozygous 
(brown eyes)



B b

B BB Bb

b Bb bb

Parent:  heterozygous  (brown eyes)

Parent:  
heterozygous  
(brown eyes)

~1/4 of 
offspring 
have blue 
eyes



B b

b Bb bb

b Bb bb

Parent:  heterozygous  (brown eyes)

Parent: 
homozygous 
(blue eyes) 

~1/2 
offspring 
have blue 
eyes



1. The Backcross Breeding Program of 
the American Chestnut Foundation (TACF)

Cross Asian and American trees, and then 
repeatedly cross successive generations 
with American trees to increase the 
American component while retaining the 
Asian genes for blight-resistance.  

New efforts
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With chestnut, genes for blight resistance or 
tolerance are not dominant.  Heterozygous offspring 
have intermediate blight resistance.  Genetic aspects 
of other important characteristics such as growth 
habit are uncertain.  

Strongly blight tolerant (resistant) Asian tree

Non-resistant
American tree
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Repeated backcrosses, necessary to increase American chestnut 
characteristics, produce trees that are moderately resistant at best.  
These must be carefully selected for, which is time-consuming and has 
significant uncertainty. 

Moderately resistant hybrid tree

Non-resistant 
American tree
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In the last few steps of TACF’s backcross breeding program, 
moderately resistant hybrids (selected for acceptable 
blight resistance and American chestnut appearance) are 
crossed with each other (intercrossed), producing some 
offspring that are homozygous for at least some genes 
associated with blight resistance. 

Moderately-resistant hybrid tree

Moderately-resistant
hybrid

Strongly-
resistant hybrid



The PA/NJ Chapter of 

TACF:

• 1000 + members  

• Nearly 100 orchards 

in PA and NJ 



TACF has a research center in Meadowview VA, 
and a major presence at Penn State, the 
headquarters of the PA/NJ Chapter.  Chapter 
breeding programs manage 586 plantations of 
breeding material on approximately 335 ha of 
public and private land, and volunteers log over 
50,000 hours a year in this effort.

In scope, complexity, and duration (~30 years), 
TACF may be a unique example of citizen science 
and volunteer labor. 



It’s been a long process – chestnut generations 
take about 8 years.

There are other factors involved, including 
epigenetic effects, differing strains of blight 
fungus, other pathogens, and environmental 
factors 

And the genetics are more complicated.

“It’s rare to find one gene that controls more than 
10% of a trait.”  

Lee DeHaan, The Land Institute,  Salina KS



In the early 1980s, it was thought there were two genes 
involved in blight tolerance or resistance.  By the 1990s, 
it looked like there were three genes involved. So, 
instead of an “RR”, “Rr”, or “rr” gene, it would be 
something like an RrRrrr genotype.

New data, using up-to-date research methods, indicate 
there are nine or more areas of the chestnut genome 
involved in blight resistance.   If all or most of these 
regions are important in blight resistance, the chances of 
the backcrossing/intercrossing approach producing a 
fully blight-resistant tree are vanishingly small.  



Typical stems of pure American (left) , backcross hybrid (center), 
and F1 hybrid (right) after perhaps 15 years of growth

Most of the backcross hybrids are not as resistant as a F1 hybrid 
tree, and F1 hybrids are typically only moderately resistant.



New Efforts 

2. The PA Chestnut Timber Tree Program 

• Goes directly to the intercrossing stage, starting with American x Asian hybrids 
and then allowing their offspring to intercross in isolated orchards

• 19 F2 orchards in PA & NJ, 6000 F2s planted to date

• F2s are all ~50/50 Asian/American, so should have at least moderate 
resistance.  Will some have timber-type growth and other American 
characteristics, such as cold-tolerance?   

• IF 3 genes are involved, some of the F2s would be more blight tolerant than 
either parent, and some F3s would be strongly blight tolerant. Results of a 
recent test of blight tolerance of these trees should be available soon. 

• IF some F2s show strong blight tolerance and timber-type growth, they will be 
selected to produce nuts for F3 and perhaps F4 orchards



Sara Fitzsimmons, TACF Director of Restoration, North Central Regional Science Coordinator, 
and Regional Science Coordinator Supervisor, visiting Aucotts’ Timber Tree orchard in Northern 
PA, 3-year-old trees in background

Thursday, January 14th
12:00 PM -1:00 PM — Silvicultural Aspects of American chestnut and Implications for Species 
Restoration, presented by Sara Fern Fitzsimmons

https://patacf.org/chestnut-week----restoration/


7-year-old 
American 
x Japanese 
F2 hybrid



PA Timber Tree orchard; N. PA, 8-yr old trees



New Efforts 

3. Biological control of the blight fungus

• The fungus has its own pathogens and parasites that can reduce its virulence, 
make it “hypovirulent.”

• Hypoviridae viruses have controlled chestnut blight well in some locations in 
Europe and in Michigan.

• But this approach hasn’t worked well in most of the U.S., perhaps primarily 
because there are too many varieties of the blight fungus. 

• Research continues.    Chestnut Chat 1/15/21 11:30 to 12:30, will feature Amy 
Metheny of West Virginia U., who will discuss hypovirulence and biocontrol of 
the blight fungus.  See https://acf.org/event/chestnut-chat-series-
hypovirulence-and-biocontrol/

https://acf.org/event/chestnut-chat-series-hypovirulence-and-biocontrol/


New Efforts

4. Genetic engineering 

• Genetic engineering has been used for over 40 years to develop 
medicines and other treatments important to human health 

• This use has met with little or no outcry, in part because human 
health has been considered important enough to have the 
benefits of the best that science can offer

• Given the widespread threats to forest health, it may be time to 
afford genetic engineering developments intended to protect 
and improve forest health the same respect and acceptance*

* Aucott, M. and Rex Parker, 2020, Medical biotechnology as a paradigm for forest restoration 

and introduction of the transgenic American chestnut, Conservation Biology, 

https://doi.org/10.1111/cobi.13566

https://doi.org/10.1111/cobi.13566


The transgenic American chestnut

• It has been found that the blight fungus excretes 
oxalic acid, which is what kills the tree’s tissues.  

• Using Agrobacterium, Bill Powell, Charles 
Maynard, and associated researchers at the SUNY 
Syracuse School of Environmental Science and 
Forestry (SUNY ESF) have inserted a gene from the 
wheat plant that enables the tree to produce the 
enzyme oxalate oxidase. 

• Oxalate oxidase catalyzes a naturally-occurring 
reaction of oxalic acid with oxygen, denaturing the 
acid:   H2C2O4 + O2 → 2CO2 + H2O2



Transgenic chestnut, cont’d.

• This gene is present in many other food plants; 
it does not represent new material in the diet 

• Agrobacterium appears to have naturally 
created many transgenic plants*

• Preliminary research indicates no difference in 
ecological function between transgenic and 
wild-type chestnut trees

* Matveeva, T. M. and Otten, L. (2019) Widespread occurrence of natural genetic 
transformation of plants by Agrobacterium. Plant Molecular Biology, September 2019. 
doi: 10.1007/s11103-019-00913-y



Dr. Powell in his lab at SUNY ESF





The transgenic tree is now undergoing review by 
USDA for approval for public release

• Pollen from these highly resistant trees, which are all 
clones, could be used to pollinate regionally-adapted 
surviving American trees

• Such crosses would add natural genetic diversity
• ~50% of the offspring would inherit this strong blight 

tolerance
• Offspring would also inherit other adaptive traits from 

the surviving American parent. 

Wednesday, January 13th
12:00 PM -1:00 PM — The American chestnut: how biotechnology can be applied to 
conservation presented by William Powell, Ph.D., Director, American Chestnut 
Research & Restoration Project, SUNY College of Environmental Science and Forestry, 
Syracuse, NY

https://patacf.org/chestnut-week-biotechnology/


Other genetics-related research is underway

• TACF’s Landscape Genomics Project is analyzing the DNA in samples 
of leaves from surviving American chestnuts across its native range 
in an effort to identify geographic patterns of genetic diversity and 
to test for associations with soil and climate variables.

• Genome wide association studies (GWAS) are now feasible, and 
offer the possibility of identifying genes in Asian trees that are 
associated with blight resistance and also resistance to other 
pathogens, such as Phytophthora cinnamomi, the fungus that 
causes a damaging root rot

• It may soon be possible to develop cisgenic American chestnut trees 
that contain the same genes that are present in highly resistant 
Asian trees 



New Efforts 

5. Finding and propagating surviving American chestnuts 

• Preserve native germplasm, which could be essential for 
future breeding efforts

• Learn more about their growth; be ready when strongly 
blight-tolerant trees are available

• Provide food source for wildlife, and humans

• There are surviving trees in the woods!  Some are big 
enough to be flowering and producing nuts.



What to look for….



• American

• Chinese 

• European 

• Japanese

Chestnut 
Species



Hunting chestnuts in the Allegheny National Forest



Some that can fool you……



American beech



Chestnut oak



Chinquapin oak



American chestnut



Chestnut in full bloom



American chestnut 
in winter



Beech

Chestnut



Old catkins 



Old bur











More on how to find them……. 



Some surviving American chestnuts...



The Amherst Tree, a 200-year-old 
surviving American in Virginia 



Kelley x Amherst orchard 
at Codorus State Park, 
near Hanover, PA
with the late Dave 
Armstrong



Near Merrill Creek 
Reservoir, NJ 



In the Ted Stiles Preserve at Bald Pate Mountain, NJ 



In the 
Allegheny 
National 
Forest



In the 
Allegheny 
National Forest



Near Genesee, 
PA



French Creek State 
Park, near Reading, PA



Hickory Run 
State Park, 
Northeastern 
PA



Coeur d’Alene,
Idaho



Summary

• American chestnut was a high value tree

• Excellent timber producer 

• Reliable nut producer

• Fast growing, widely adapted

• Nearly wiped out by chestnut blight fungus

• New efforts to bring it back (Breeding, Biotechnology, Biocontrol)

• Backcross breeding program

• Pennsylvania chestnut timber tree program

• Biological control of blight fungus

• Genetic engineering

• Finding and propagating surviving American chestnuts



For more information on these efforts and more…..



Tuesday, January 12th
12:00 PM -1:00 PM — Cooperative solutions for Chestnut Processing — a 
demonstration of processing equipment by Stephen Hoy, Orchard Manager at Penn 
State University
7:00 PM – 8:00 PM — Chestnut Farming—A Growth Opportunity: A Conversation 
with Amy Miller, hosted by Jim Searing, PA/NJ Chapter Board President
Wednesday, January 13th
12:00 PM -1:00 PM — The American chestnut: how biotechnology can be applied to 
conservation presented by William Powell, Ph.D., Director, American Chestnut 
Research & Restoration Project, SUNY College of Environmental Science and Forestry, 
Syracuse, NY
Thursday, January 14th
12:00 PM -1:00 PM — Silvicultural Aspects of American chestnut and Implications for 
Species Restoration, presented by Sara Fern Fitzsimmons, TACF Director of Restoration 
and Northern Appalachian Regional Science Coordinator
7:00 PM – 8:00 PM — Commercial Chestnut Industry in Michigan: A Model for PA?
A Conversation with Roger Blackwell, President of New Era Chestnuts in Milford 
Michigan hosted by Jim Searing, PA/NJ Chapter Board President
Friday, January 15th
12:00 PM -1:00 PM — Finding American Chestnuts, presented by Lake Graboski, TACF 
Board Member and Volunteer, M.S. Ecology the Pennsylvania State University.

PA Farm Show Chestnut Week; Upcoming webinars

https://patacf.org/chestnut-week-innovation/
https://patacf.org/chestnut-week----farming/
https://patacf.org/chestnut-week-biotechnology/
https://patacf.org/chestnut-week----restoration/
https://patacf.org/chestnut-week----industry
https://patacf.org/chestnut-week-native-sources/


Resources on the web:  

PA/NJ Chapter of The American Chestnut Foundation
https://patacf.org/

American Chestnut Foundation (national organization)
https://acf.org/

TED talks with Bill Powell: 

Reviving the American forest with the American chestnut
https://www.youtube.com/watch?v=WYHQDLCmgyg

The Chestnut Tree: Bringing Back an American Icon
https://www.youtube.com/watch?v=-mhMdUryolU

https://patacf.org/
https://acf.org/
https://www.youtube.com/watch?v=WYHQDLCmgyg
https://www.youtube.com/watch?v=-mhMdUryolU


Reading…



What can you do?

• Learn more

• Join PA/NJ TACF

• Find surviving American 
trees



Thanks!

mlaucott@gmail.com

mailto:mlaucott@gmail.com

