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Summary

The composition and diversity of the microorganisms that inhabit the surface of leaves (i.e.,
phyllosphere microbiome) is governed by host plant genetics and leaf morphology. The
importance of the phyllosphere microbiome on regulating plant growth, pathogen susceptibility,
and even ecosystem-scale processes necessitates a holistic understanding of the phyllosphere
microbiome, especially for species of conservation concern. The objective of our study is to
perform a metagenetic survey of backcross, transgenic, and wildtype American chestnuts to test
whether they exhibit comparable phyllosphere microbiomes (i.e., similar ecological functioning),
and whether leaf morphology and genetics are better predictors of the phyllosphere microbiome
than location.

Project Duration: 2 years (January 2024 - December 2025)
Amount requested: Year 1: $35,310

Year 2: $14,682
Total:  $49,992

Short and Long-Term Goals

Short term goals:
1. To identify and describe the microbial (fungal and bacterial) community of leaves
(phyllosphere) from wild type, transgenic, and backcross American chestnuts.
2. To determine differences in the bacterial communities of the above-mentioned Chestnut
varieties.
3. To test for a relationship between phyllosphere microbiome and location, genetics, and
leaf traits.

Long term goals:
1. To establish if differences in the microbiome phyllosphere (if present) are associated
with differences in plant health (e.g., growth, pathogen resistance).
2. To use the intentional inoculation of beneficial bacteria as an additional mechanism
towards the conservation and restoration of the American chestnut.




Background/Introduction

Biological relationships such as predator-prey interactions and food web dynamics have been
extensively studied and serve as classic examples of interactions shaping population dynamics
and ecosystem processes. However, much less research has been conducted on how the
microbial community can influence these biological relationships and the organisms within them
(Baldrian, 2017). No organism is without microbial influence (Cavicchioli et al., 2019); Human
disease is impacted by gut bacteria (Shreiner et al., 2015), orchids are dependent on fungi for
seed germination (Yeh et al., 2019), and growth-promoting rhizobacteria in plant roots mediate
stress (Bhat et al, 2023; Lugtenberg and Kamilova, 2009). These examples are proponents that
no organism exists in singularity and that these macro and micro relationships have important
consequences. Though microbiome research has gained popularity in recent years, there is still
ample work to be done in ecosystem and trophic level microbiome interactions (Zhu et al., 2023;
Weems et al., 2021). Such knowledge is especially valuable to assess and improve
conservation and species reintroduction efforts.

The interface between plants and the environment is not sterile but instead harbors an
astounding diversity of microorganisms, including bacteria, fungi, and algae. Seeds, roots,
flowers, and leaves all possess their own microbiome that affect metabolic processes including
nutrient acquisition, stress tolerance, plant growth, and defense against pathogens (Compant et
al., 2019; Hassani et al., 2018). For example, grapevines showed increased resistance to
drought stress when inoculated with certain rhizospheric bacteria (Rolli et al., 2015) and
inoculated Arabidopsis thaliana leaves showed resistance to a fungal pathogen (Ritpitakphong
et al., 2016). However, previous research in the plant microbiome has been focused within the
roots, or rhizosphere (Mliller et al., 2016), and less is known about the leaf microbiome, or
phyllosphere, and how the microbiota affects its host organism (Kembel et al., 2014). A recent
review summarized that phyllosphere microorganisms can influence individual plants by altering
plant pathogen resistance and productivity, and even impact ecosystem scale processes such
as nitrogen and carbon cycling (Sohrabi et al., 2023). The authors of that review highlight the
need for further research and concluded that “Comprehensive inventories of phyllosphere
microbiotas across plant lineages, plant developmental stages, and geographic regions will
likely remain a high priority in the coming decade”.

Several studies on trees have demonstrated that phyllosphere microbial community
compositions are species specific. For example, Redfort et al. (2010) provide support that
interspecific variability in the phyllosphere microbiome was greater than intraspecific variability,
even across continental geospatial scales, and Laforest-Lapointe et al. (2016) found host
species identity to be the strongest driver of variation in phyllosphere bacterial community. Kelly
et al. (2021) report that American chestnuts (Castanea dentata) exhibited the most distinct
rhizosphere microbiome, both functionally and taxonomically, among the tested sympatric
species (red oak Quercus rubra and black cherry Prunus serotina) but did not test the
phyllosphere. Brown et al. (2022) found evidence that soil fungal communities became more
dissimilar over time between planted red oaks and American chestnuts, and even between



American chestnuts that differed in their blight occurrence. However, no studies known to the
authors of this proposal have investigated the phyllosphere microbiome of American chestnuts.

Leaf characteristics (e.g., leaf economic spectrum, cuticle properties, stomatal density) have
been identified as a likely driver of bacterial community composition (Redford et al., 2010).
Recent research on the mechanisms of how plants regulate the phyllosphere microbiome points
towards genetic control, with mutant plants hosting significantly altered microbial communities
compared to wild types individuals (Reisberg et al., 2013, Bodenhausen et al., 2014, Chen et
al., 2020; Pfeilmeier et al., 2021). The associated dysbiosis, or imbalance of the organism’s
microbiota, has even been experimentally linked to leaf tissue damage (Chen et al., 2020).
Given their genetic differences, it is reasonable to expect that backcross, transgenic, and
wildtype American chestnuts exhibit distinct phyllosphere microbiotas. Differences in the
composition and diversity of the leaf microbiome would have several implications for American
chestnut conservation, spanning from organismal to ecosystem scale. At the organismal scale,
an altered phyllosphere microbiota can have implications on plant physiological processes (e.g.,
gas exchange), disease resistance, and potential to adapt to a changing environment (refer to
Hassani et al., 2018 and Sohrabi et al., 2023 for a review). At the ecosystems scale, transgenic
and backcrossed American chestnuts that harbor different bacterial and fungal species than the
wild type would alter the species’ ecological functioning in its range and potentially impact
ecosystem processes including carbon and nutrient cycling (Sohrabi et al., 2023).

The main objective of the proposed research is to compare the phyllosphere microbiome of
backcross and transgenic American chestnuts to wild type American chestnuts, thus
directly addressing critical research area three (i.e., comparative studies in ecological
functioning) as identified in the 2023 RFP. Within this framework, we propose a comprehensive
metagenomic study utilizing both 16S (microbial) and ITS (fungal) sequencing and integrating
the results with genetic and leaf-morphological data. We hypothesize that

1. transgenic, backcross, and wild type American chestnuts differ significantly in their
phyllosphere microbiota; and that

2. leaf morphology and genetic makeup of American chestnut trees are better predictors of
phyllosphere microbial species diversity and community composition than location.

Our results fill a critical knowledge gap and provide valuable data to inform and optimize
conservation efforts for this important keystone species.

Methodology

Sample Collection - To cover a broad geographic area, we will reach out to chestnut
conservation partners across the United States about their willingness to participate in our
study. Partners who agree to participate will be sent sampling packages comprising a return box
with prepaid overnight return shipping labels, sterile sample bags, sterile gloves, alcohol wipes,
ice packs, and step-by-step sampling instructions. Sampling encompasses collecting 100 g of
healthy leaf material per tree according to provided instructions. Because there can be



significant intra-individual variation in phyllosphere community structure (Laforest-Lapointe et al.
2016), each sample will comprise of multiple leaves from different positions within the canopy of
each plant.

Metagenomics - Once received, samples will either be frozen or immediately processed.
Sample processing will follow the same protocols as used by PI Bretfeld and lab members for
USDA-funded research on the tomato phyllosphere: For each replicate, an equal amount of leaf
material will be clipped and aseptically transferred to round-bottom centrifuge tubes containing
30 mLs of autoclaved 1X Phosphate Buffer Saline (PBS) containing 0.1% Tween 20 using
sterilized tweezers and scissors. Tubes will be sonicated for 3 minutes in a Bransonic 2800
ultrasonic bath (Branson Ultrasonics, Brookfield, CT) and vortexed at maximum intensity for 1
minute. Leaf material will be removed from the suspension which then is centrifuged at 15,000 g
for 10 minutes. The resulting supernatant will be removed, and the suspension continuously
recentrifuged until at most 0.250 mLs of pellet suspension remains. DNA will be extracted from
pellets using the DNA Powersoil Kit (Qiagen, Hilden, Germany). Processed samples will be
shipped to LC Science (LC Science, Houston, Texas, USA) for PCR amplification, subsequent
ITS and 16S rRNA sequencing, and basic community analysis. Additional statistical analyses
will be performed in R (R Core Team, 2023).

Leaf Traits - For each tree, a subset of the leaf material will be used to assess stomatal density
and size, and leaf mass area. Leaf mass area will be derived from leaf area, dry weight, and leaf
thickness. Protocols will follow Cornelissen et al. (2003) and Wright et al. (2002). Briefly, leaf
area will be measured using a Leaf Area Meter (LiCor LI-3100C) and dry weights will be
determined after leaves were oven dried at 80°C for 48 hours. Stomatal density and size will be
determined via leaf impressions outlined by Xu and Zhou (2008) with minor modifications. Areas
between leaf veins will be painted with clear nail polish and allowed to dry. A piece of tape will
be applied to the dried polish, removed, and placed on a microscope slide. Stomatal density and
stomatal aperture will be measured using a compound microscope.

Project/Budget Timeline

2024 2025
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Intellectual Merit/Broader Impacts

Our proposed study will fill a critical knowledge gap on the composition of the phyllosphere
microbiome of American chestnuts. Most importantly, our study will elucidate whether disease
resistant transgenic or backcross varieties exhibit similar or distinct phyllosphere microbiomes,
and thus have the potential to fulfill the same ecological functioning, as the wild type - a
research priority identified by the American Chestnut Foundation. Our results will lay the
foundation to potential areas of cross-inoculation studies between American chestnut varieties
and the potential of such treatments for increasing disease resistance, stress tolerance, and
ability to adapt to changing environments. Findings from our study will not only be shared with
conservation partners but also presented at a national conference (e.g., Ecological Society of
America) and submitted for publication in a peer-reviewed journal.

Funding from this proposed study offers excellent opportunities for involvement of
undergraduate and graduate students at KSU, a majority-minority institution. Our study
integrates cutting-edge metagenomic science with real conservation needs, fitting well into
KSU’s biology graduate program in Integrative Biology, and will lay the foundation for the MS
thesis of collaborator Dobson. Involvement of undergraduate students will be supported from
KSU through research credits and lab fees, and students will present their findings at the
Undergraduate Research Conference at KSU in Fall 2024.

Lastly, our project provides an excellent opportunity to integrate citizen science. By soliciting
participation in sample collection from conservation partners and growers, we will be able to
cover a much broader geographic range that includes growers from across the southeast, thus
making this study a truly collaborative science and conservation effort.

Budget Justification

Contractual ($19,440)

e |TS and 16S samples ($90 x 240 samples = $21,600 - 10% discount = $19,440)
Charges for metagenomic sequencing and data analysis at LC Sciences
(https://lcsciences.com/). Prices are $45 per ITS and $45 per 16S sequencing, with a 10%
discount for bulk analyses (>50 samples).

Supplies ($15,870)

e DNA extraction kits ($454 x 5 = $2,270)

e shipping supplies (240 samples = 120 packages, $80 per package; $9,600)

e general lab supplies (reagents, slides, containers, ppt, etc., $4,000)
General lab supplies and reagents to prepare buffer solutions for separation of microorganisms
from leaf surfaces, DNA extraction kits (DNeasy PowerSoil Pro Kit (50)), and shipping supplies
for sample collection from conservation partners across the country (shipping packages include
pre-paid overnight postage to return samples to KSU and all necessary sampling supplies).



https://lcsciences.com/

Student Support ($11,682)

e MSIB graduate student support ($1650 per month x 6 months + $1782 fringe; $11,682)
Support for one semester for one graduate student in the Masters of Integrative Biology
program (MSIB; including fringe) at KSU. Remaining semesters will be funded by KSU.

Other ($3,000

e Travel support ($1500)

e Publication cost ($1500)
Support to cover conference related expenses for students and Pl and to cover publication
expenses.

Total $49,992

COl

The authors declare no COl.
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2020

2018

Bretfeld. M. (PI). Testing the efficacy of hydroponic propagation of American
chestnuts (Castanea dentata). Kennesaw State University College of Science and
Mathematics Mentor Protégé Award. — 54,000

Bretfeld, M. (PI), Dice, C., Blackwell, M. Offsetting the Quality-Quantity Tradeoff
of Hydroponically-Grown Tomatoes via Foliar Inoculation. USDA Specialty Crop
Block Grant. — $80,000

Brooks, M. (Graduate student mentee), Bretfeld, M. Optimizing conservation
efforts for Georgia’s endangered Royal Catchfly (Silene regia). Georgia Botanical
Society - Marie Mellinger Field Botany Research Award. — 52,000

Bretfeld, M., Grant, "LI-COR Environmental Education Fund (LEEF)", LI-COR
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Bretfeld, M. (PI), Frank, J., Parsekian, A.D., Ewers, B.E. RAPID: Forest Ecosystem
Response to Interacting Bark Beetle and Fire Disturbance are set up by
Regeneration in the First Year. NSF Ecosystems RAPID. — $164,997

Synergistic Activities

Mentored and trained over 30 undergraduate and graduate research assistants in plant

physiological data collection and analysis.

Member of the Ecological Society of America’s National Vegetation Classification Panel,
facilitating and supporting the development, implementation, and use of a standardized

vegetation classification for the United States to aid in research, management, and
conservation.

Member of the Georgia Plant Conservation Alliance and Georgia Native Plant society,
safeguarding Silene regia and developing protocols to optimize conservation efforts.

Integrated over 50 undergraduate students in plant physiological and plant conservation

research as part of course-based undergraduate research (CURE) classes at KSU,
including Plant Physiology and Plant Ecology.
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