
Response to Review dated 6-13-18 
There were no criticisms in this review, only praise. 
 
Response to Review dated 7-29-18 
Specific Comments 
Statement of Issues and Justification 
Third paragraph and Objective 1: The reviewer wants more mention for TACF.  NE-140 
included personnel from the American Chestnut Cooperators’ Foundation at its inception.  
Breeding was well represented from the start.  TACF was only starting then.  Reviewer seems 
ignorant of their activities.  TACF has been a prominent participant of the NE-series of chestnut 
regional projects since the 1990s. 
 
Objective 1, fifth paragraph: The review asked about evidence that a single factor controls blight 
resistance.  That section was discussing PRR resistance, not blight resistance.  “PRR resistance” 
was bolded to make that more apparent.  This was also done in the breeding section of the 
Outreach section. 
 
Objective 2.  The reviewer asks whether differences in climate between Europe and North 
America have been considered as reasons for the difference in success of hypovirulence between 
the continents.  Yes, they have been considered and the result was null so are unpublished to our 
understanding.  It is pertinent to note that some areas of southern Europe and Eastern North 
America that contain chestnut are remarkably similar floristically. 
 
Objective 3 fifth paragraph.  Confusion of project IDs.  All references to NE-1033 were changed 
to NE-1333. 
 
Related, Current and Previous Work. 
Objective 1.  The reviewer requests that personnel from CAES, UGA and SUNY-ESF formally 
register as participants.  We will renew that request to them.  Many participants of NE-1333 and 
predecessors were not formally registered but participated anyway.  Members can join at any 
time. 
 
Methods 
Objective 1: (Review mistakenly says Objective 2).  Is there any sense of if/when transgenes 
might be approved for introduction into wild chestnut populations?  See the response below to 
the review dated 8-24-18, where this question is addressed thoroughly in the Milestones section. 
 
Objective 3: Is there any consideration being given to changes in climatic conditions and fire 
regimens in the century since chestnut was widespread in the eastern US?  Fei et al (2012) 
considered this and a citation to that paper was  added to the reference list.   
 
Objectives 
Reviewer asked for greater distinction to be drawn in the Comments between orchard and forest 
establishment efforts. Comments have been removed from the Objectives section to make them 
succinct, in response to reviewer 8-24-18. This nullifies any ability to address reviewer 7-29-18’s 



points directly. Differentiating orchard establishment from forest establishment should be clear 
where these are presented in other sections. 
 
More Methods 
Objective 2, Paragraph 1. “As part of the MSU work described under 2) will an analysis of 
climatic stresses…be conducted.”  The lead sentences were changed to read, “Long-term (20 
years) annual monitoring of six C. dentata stands in Michigan is being continued using methods 
described by Davelos and Jarosz 2004. Edaphic and weather factors are now being investigated 
to determine correlates with spatial and temporal patterns.” 
 
Objective 3.  “Would it be possible to involve additional collaborators who focus on local forest 
dynamics, reproduction and ecology?” See below under Outreach Plan, Outplantings 
 
Measurement of Progress and Results 
“Are there any milestones specific to Objective 3?” Five new milestones were appended at the 
end of that section 
 
Outreach Plan 
Outplantings 
To paraphrase, ‘what is known about Chinese chestnut.’ The first part of the first paragraph of 
this sections was rewritten to the following: “Jacobs et al (1913) developed a theoretical 
framework for restoration.  Schlarbaum et al (1994) found that C. mollissima does not persist in 
most forested settings if competing tree species are allowed to grow; it gets overtopped and dies, 
apparently due to increased blight severity (Miller et al 2014), who also studied population 
dynamics of C. mollissima, and found it could produce viable offspring on sites with low 
competition.” 
 
“Various notes in this section suggest that more is going on related to Objective 3 than is noted 
in the Methods section, but does it really involve personnel with an optimal combination of 
scientific expertise? It’s difficult to assess that based on the details presented herein.”   This 
comment is difficult to assess. Four persons with extensive experience with forest plantings of 
chestnut are in the participant’s list and their results in peer-reviewed publications are cited.  
Their work is referred to by institution, specifically Scott Schlarbaum at UT, Lila Pinchot at 
USFS, Delaware, OH, Dana Nelson of SIFG and FHC, and Kim Steiner at PSU.  Numerous 
other scientists involved with chestnut outplantings were listed at the end of the Outplantings 
section, but have chosen not to participate in NE-1833.  We are trying to recruit some of them 
 
Response to Review dated 8-24-18: 
General Comments 
“The format of the proposal is very difficult to follow….” As stated above, comments were 
removed from the Objectives section to make them succinct.  We agree the Outreach Plan is 
mislabeled.  There even are two definitions for it. The definition in Appendix A describes what 
would normally be called an Outreach Plan. The second definition is located in the body of an 
editable project proposal.  It states, “Briefly summarize the research methods that will be used to 
address each of the objectives. Explicit information should be included to enable the reviewers to 
evaluate the approach and to discern joint planning and coordination by the technical committee, 



the sharing of equipment, possible pooling of data, data analysis, and the 
multistate summarization of findings, in other words, show that this is a collective effort.”  That 
second definition was the one followed for this proposal.  NERA has been informed of this 
discrepancy. 
 
“The original genetic hypothesis was that 3 incompletely dominant genes from the Chinese 
chestnut parent are required to be introgressed into American chestnut to confer a high level of 
blight resistance.  Although the results reported in the sections under Related Current and 
Previous Work demonstrate this hypothesis is incorrect, on page 2 under Objective 1 of the 
Statement of Issues and Justification section it merely states that ‘Once selection is complete, 
blight resistance is predicted from analysis of orchard progeny tests to be midway between 
Chinese and American chestnut.’”  Reviewer 8-24-18 appears to believe the TACF backcrossing 
program failed for the reason that it has not met a prediction made in 2004 (actually dating back 
to Burnham (1981)).  The prediction was that the blight resistance of progeny of true-breeding 
B3F2s should (not “would,” as is misquoted in the review) match that of C. mollissima.  The 
current prediction is that the average blight resistance of B3F3 breeding populations will be 
intermediate between that of C. mollissima and C. dentata.  This is a failure of prediction, should 
the second prediction be more accurate.  It is not a failure of the method employed.  Intermediate 
levels of blight resistance in a population of backcross hybrid Castanea may be sufficient for the 
trees to thrive in our forests (or may not be).  TACF has been installing tests since 2009 in the 
forest to evaluate that hypothesis, among others.  The first substantial results from those tests 
should be available in 2019.  Additionally, TACF has been cautioning since the late 1990s that 
even blight resistance at the level of the most resistant C. mollissima may not be sufficient for 
trees to thrive in the forest (Hebard, 2004). 
 
“In other words, after over 30 years of breeding, the level of resistance was not increased at all 
since the first generation.”  The sentence seems meant to imply that 30 years of breeding were 
for naught, i.e., that the F1 was just as good as the B3F3. However, 1) the F1 would not have 
bred true, so further breeding would have been needed to create a restoration population, 2) the 
F1 was only half American, and 3) unlike the F1, the intermediate resistance of the B3F3 is 
AVERAGE, and some percentage will have higher than intermediate resistance. 
 
“This differs from most traditional tree improvement strategies that are based on the assumption 
that resistance is a quantitative trait, when it has been determined that resistance is not a 
dominant, single gene trait.”  Also, blight resistance “is now believed to be more complex than 
the original 3 gene model.” The first is a fallacious argument from the general to the particular. 
Perhaps blight resistance is quantitative, but there no proof that is the case. Burnham’s review of 
the Clapper and Graves work indicated control by two loci, so the plan was based on the best 
information available. Current results presented in Steiner et al (2017) can be explained as well 
by 2-3 loci, imperfect phenotypic selection (lost alleles in some lines), and strong environmental 
effects on phenotype than they can be explained by quantitative gene control. Quantitative gene 
action is disfavored  by the  QTL evidence and, most crucially, by recovery of highly blight-
resistant trees at F2, B1F2, B2F2, B2F3 and B3F3.  That simply would not have occurred with 
quantitative control, rather, resistance would have declined by a factor of one half with each 
backcross to the susceptible parent. 
 



TACF chose backcrossing because the goal is to introgress major genes for blight resistance into 
C. dentata, but otherwise reconstitute the species.  Blight resistance was assumed to be based on 
a few major factors, as had been the experience in breeding for resistance to numerous other 
diseases of numerous species, and thus amenable to backcrossing. Burnham also thought that 
theoretical considerations weighed in on the side of only a few factors.  Resistance to fusiform 
rust and white pine blister rust also has been shown to be controlled by a few factors.  The TACF 
breeding program was designed for three or fewer major genes for blight resistance, AS A 
WORKING ASSUMPTION.  Phenotypic and marker data gathered subsequently during the 
program supported that assumption (Hebard 2006).  The data and prediction presented in Steiner 
et al (2017) do not reject it.   
 
The successes (as well as the time it takes to achieve success) and failures of this program will be 
looked at by policy makers and grant funding agencies as an indication of the potential for tree 
breeding as a management solution to forest health issues. For this reason, it is critically 
important that there is transparency and direct communication regarding TACF’s breeding 
program so that policy makers and grant funding agencies as well as chestnut and other tree 
breeders understand the differences between the original hybrid backcrossing strategy of TACF 
and the strategies that have been typically employed by most successful traditional tree 
improvement programs and the strategies that are currently now being proposed. Transparency 
was one of the major objectives of the Steiner et al (2017) review.  Backcrossing is a standard, 
traditional, widely used breeding method that predates recurrent selection.  That it has not been 
used previously in tree breeding indicates that tree breeders did not see a need to or else found it 
impossible to introgress traits into their breeding stock using wide crosses, except chestnut.  
Burnham et al (1986) discussed previous chestnut breeding thoroughly.  TACF MOST 
ASSUREDLY has accomplished its goal of introgressing blight (and PRR) resistance into 
genetically diverse populations of chestnut that are mostly identical to American chestnut in 
forest growth rate (Clark et al 2015) and morphology (Hebard unpublished), but the resistance 
genes are not yet fixed.  There has been no failure. 
 
The degree of blight resistance TACF achieves at B3-F3 will remain impossible to determine 
until selection is complete in the seed orchards.  Steiner et al (2007)’s predictions from 
quantitative analysis of artificially inoculated seedlings in the orchard are that resistance will be 
intermediate between that of Chinese and American chestnut; those predictions can be quite 
inexact when only a few factors control the trait.  The review dated 8-24-18 enumerated some of 
the possible reasons for departure from prediction.  Gene interactions such as epistasis or 
complementary action are among additional reasons.  It should be emphasized that understanding 
the genetic and molecular basis of disease resistance is not of major concern from a breeding 
point of view, as long as sufficient resistance is obtained. 
 
Evaluation of progeny for blight resistance will ultimately rest on the performance of progeny in 
forests; those evaluations will take 10 years or so after planting.  Data for preliminary analysis of 
the forest performance of progeny in the face of native blight are only now becoming possible to 
collect from tests installed beginning in 2009. 
 
“It should also be clearly stated when ongoing work has produced data that points to one of the 
reasons listed above as playing a role in the original breeding strategy failing to produce the 



predicted level and frequency of blight resistance. For example under Objective 1 it is reported 
that SIFG sequencing predicted 1,952 genes within the 3 QTL regions and 15 candidate gene 
were selected for further evaluation but it is not stated that this is evidence that there may be 
more than 3 genes involved in resistance, thus justifying the need to develop genomic selection.” 
No. These are candidate genes for blight resistance.  There most likely is only one, but only fine-
scale dissection of even one QTL would further clarify this. Regardless, the QTLs are more-or-
less inherited as a block so are treated as a single gene for breeding purposes.   
 
“…and the proposed work is aimed at utilizing additional strategies that are no longer based on 
the 3 gene hypothesis, to develop disease-resistant American chestnut.” The proposal advocates 
for genomic selection augmented with markers for the three major genes, as discussed with a 
citation to Spindel et al 2015, which specifically incorporates major QTLs for a trait into 
genomic selection, a method for quantitative traits. The penultimate paragraph in Hebard (2004) 
states: “Release of B3-F3 plants into the environment is not envisioned to be the last step of the 
breeding program. Rather it is the first release in an ongoing breeding program. The selection of 
B3-F2 parents of the first release probably will be imperfect. Some parents probably will not be 
homozygous for blight resistance at all loci. We will want to cull these. We could detect them by 
test crosses to American chestnut or by the performance of their B3-F3 progeny. We plan to 
evaluate the performance of B3-F3 progeny as outlined in Objective C.4, essentially switching the 
breeding method from backcrossing to recurrent selection. We would select both for blight 
resistance and American type in seedling seed orchards of B3-F3 trees, among both individuals 
and open-pollinated families. Then the B3-F3 seed orchards would replace the B3-F2 seed 
orchards.”   
 
“Furthermore, it is now known that there is also need to incorporate resistance to a second fungal 
disease. Selecting for resistance to two diseases (one of which is now believed to be more 
complex than the original 3 gene model), while retaining the American traits, becomes quite a 
complicated process – which should be clearly stated as justification for the proposed 
work.”  First, PRR resistance is not necessary to restore chestnut.  PRR had already knocked 
chestnut back to its range as of 1900.  Without blight, chestnut would be a large, abundant, 
dominant forest tree rather than the small, abundant, understory tree it is today.  Second, 2-3 
QTLs explain much of the heritable variability associated with blight resistance, enough that 
TACF was able to retain at least sufficient blight resistance through three generations of 
backcrossing to achieve intermediate levels of blight resistance; that would have been impossible 
if the trait were purely quantitative.  As stated in the proposal, “Fortuitously, the Graves tree, a 
B1, and its progeny inherited PRR resistance as expected for a single gene, out to B3-F3. The 
Graves tree, located at CAES, is one of three major sources of blight resistance in the TACF 
program, along with the Clapper B1, also at CAES, and C. mollissima cv Nanking, at VT. PRR 
resistance is incompletely dominant and some Graves B3-F2s show high resistance, compatible 
with frequencies of trees homozygous for a single gene expected under the Hardy-Weinberg 
model (Hebard and Georgi unpublished). Thus it should be relatively straightforward to fix the 
resistance in all Graves lines and simultaneously to introgress it into populations from other 
sources of blight resistance, including GE chestnut. Genetic markers could greatly simplify and 
accelerate this process, all but replacing progeny testing.”  To summarize PRR breeding is easy 
because PRR resistance is conferred by one or two genes on one arm of one linkage group 



(Zhebentyayeva, et al, in preparation), has high penetrance, is easy to measure precisely, and 
thus has very high heritability. 
 
Through the use of micropropagation or grafting, it is highly recommended that the blight 
inoculation procedure be assessed for variation on genetically identical replicates as well. The 
success of the genomic selection strategies proposed depends on the accuracy of the phenotypes 
in the training populations, although reasonable predictive abilities were calculated in the 
preliminary experiments reported, refining phenotyping protocols may further improve upon this. 
The terminal clause was added to the following sentence in the second paragraph of the P. 
cinnamomic portion of the breeding section of the Outreach Plan.  “Therefore, the method 
devised by Jeffers at Clemson, cited above in Methods, was used for progeny testing; another 
reason for progeny testing was that propagation of chestnut by nuts is easy, unlike various 
methods of rooting cuttings.”  We would necessarily have to rely upon rooting to rate PRR 
resistance reliably in seedlings or trees of this difficult-to-root hardwood.  The only materials 
amenable to rooting are new stump sprouts, which are only available after several years of 
growth.  Rating progeny is faster and easier and more reliable for these purposes. 
 
 
Specific Comments 
Related, Current and Previous Work, Objective 1, page 4.  To paraphrase, ‘what is ACGW?’ 
Spelled out ACGW in revised text 
 
Methods Objective 1, page 9.  The proposed chemical fingerprinting approach to predict blight 
resistance also relies on the accuracy of the phenotypes of the individuals in the training 
populations – so again gaining knowledge of variance in the phenotyping assay is important and 
can be accomplished by using micropropagated or grafted replicates. In addition, in reports in 
elm species, this approach was only accurate in detecting differences between resistant and 
susceptible individuals that had been inoculated. It was not clear if this approach was going to 
propose predicting blight resistance of seedlings that had or had not been inoculated. Given the 
variation and difficulty of the inoculation procedure, such an approach even if only used on 
inoculated seedlings could increase efficiency of selection. There are no issues with the 
inoculation-based blight resistance screen.  It is limited by its precision and thus limits accuracy 
of selections.  It also can kill inoculated trees before they can be bred.  We design to 
accommodate these limitations.  The results of inoculation are obtained within one year of 
inoculation in early June, before most additional factors manifest that influence canker severity, 
except when hypovirulent strains are co-inoculated with virulent ones. 
 
Measurement of Progress and Results, Outputs p13.  Public release of blight resistant chestnut 
trees: will these be single cultivars or seed or seedlings? Will they also have PRR resistance? It is 
important that any trees publicly released are accurately described as to what testing was 
performed and based on these tests what is the expected level and frequency of blight resistance. 
Define what is now meant by “blight resistant chestnut trees.”  
Added “genetically diverse populations” and “nuts to the description of publicly released tree 
materials.  This is not the appropriate place to release a full description of what will be released, 
plus the characteristics remain unknown.  However, TACF intends a public release of synthetic 
bulked cultivars once selection is complete, which is anticipated in 2021 in the Milestones. 



 
Reviewer requests further elucidation of the reasons for survival of LSAs: will there be any 
breeding or clonal replication to look at possible genetic influence on LSAs.   CAES and  TACF 
and CAES are not currently breeding LSAs and the American Chestnut Cooperators’ Foundation 
is not participating in NE-1833. 
 
Determination of tree establishment and growth at outplantings of blight-resistant chestnut in 
northern forests. “Blight resistant chestnuts seems to be an overstatement since these were 
planted in 2017 and final selection of seed orchard parents to achieve intermediate resistance was 
not yet complete. Same point applies to description of southern planting output.” Qualified this 
by inserting “preliminary selections of” before “blight-resistant chestnut,” and likewise for 
southern forests. 
 
Outcomes or Projected Impacts. 
“the restoration of the American chestnut will be a beacon of light and hope shown by science in 
the face of continuing environmental degradation.” Again, this is why it is so important for there 
to be transparency in this program and to provide information on realistic expectations of 
performance of any released materials – otherwise there is the risk of the opposite effect, the loss 
of faith in science. We have no response to this, other than to state we strive to be transparent, 
accurate and truthful. 
 
 
Combining OxO resistance…. This sentence was broken into two to clarify subject-object 
relationships.  It was rewritten to, “Combining OxO blight resistance with PRR and blight 
resistance from Chinese chestnut may lead to less disease severity.  Decreased disease severity 
may prove crucial to long-term growth.” 
 
“Comparison of data from different forest plantings….” We added the sentence, “Tracking 
regional sources of American parents will help determine possible seed zones and the impacts of 
adaptation. 
 
Milestones 
Regulatory questions about OxO trees.  Four Milestones were added, one to 2019, two for 2020 
and one for 2021.  States only regulate if there is an EPA registration.  Then it is a state by state 
process. Application for exemption from EPA registration is in one 2020 Milestone.  There are 
certificate programs that do not allow GE trees.  Things are beginning to change as exampled by 
the US Fish and Wildlife Service recent decision to allow GE plants on National Refuges on a 
case by case bases.  American chestnut would likely be one of the allowable cases.  Even if some 
certifications still continue their bans, there are more than enough places that will allow the 
restoration to begin. 
 


