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1) Caroline Leung is majoring in Biosciences with a concentration in Integrative Biology at Rice University and is expecting to 
graduate in 2024. 

Title:  Analyzing Differences in Soil Health Subsequent to Kernza Planting Across Intercropping Sites 
 
Abstract: Modern agricultural practices have been found to 
negatively impact soil health, decreasing soil stability, 
microbiome diversity, and carbon storage capacity. Prior 
work has shown that planting perennial crops in 
polyculture – such as Kernza, a deep-rooted perennial grass 
– can potentially restore soil health in degraded 
agroecosystems. Most studies describe the impact of these 
strategies at a single site; few have compared responses 
between sites across a geographic range. This study 
quantified reactive soil carbon levels before and after 
planting perennial monocultures and polycultures at seven 
sites across the United States. The response of soil reactive 
nitrogen levels to the perennial treatments was measured 
at one of the sites. Reactive carbon exhibited varying 
responses to planting between sites and treatments. Soil 
reactive nitrogen levels significantly decreased in fertilized 
plots - a pattern that did not appear in their non-fertilized 
counterparts. These results suggest that site characteristics 
which vary by location, such as soil type and climate, may 
influence observed effects of perennialization and polyculture on soil health, and that fertilization could negatively impact the 
efficacy of soil restoration efforts, though more long-term data is needed to optimize the use of perennialization and polyculture in 
restoration. 
 

2) Kiera Carpenter is majoring in Sustainability Studies with a minor in Environmental Science at Roosevelt University and is 
expecting to graduate in 2023. 

Title: Exploring Plant Interactions for Restoration: A Focus on Above and Belowground Traits 

Abstract: The restoration of ecosystems relies on native 
plant species to survive, especially after damage and land 
degradation. It is important that we understand above and 
below ground traits to aid restoration. Investigating root 
traits enhances restoration insights by allowing us to 
understand plant behavior. Our hypotheses were that root 
length can be predicted using easily obtainable shoot 
measurements and that the growth of our plants (Silphium 
and Dalea) would vary across Little Blue Stem Densities. We 
conducted an interactive experiment with 202 plants across 
80 pots, observing interactions over a six week period. 
Statistical methods and predictive models were employed 
to assess root traits. Linear regression and Random Forest 
algorithms predicted length using plant height, shoot mass, 
leaves and density. Our hypotheses were partially 
supported by the results of our experiment. While we need 
more information to confirm this, initial results indicate 
that we can possibly predict root length from easy-to-
measure aboveground traits.  

QUESTION

How do perennialization and 
polyculture affect soil health across 

varying geographic regions?

• If we subject seven intercropping sites to 
various crop treatments, then we will observe 
the greatest increase in soil health in plots 
where perennial bicultures have been planted

HYPOTHESIS

BACKGROUND
• Intensive agricultural practices degrade soil 

health1 (ie. loss of stability,  decreased carbon 
storage)

• Soil restoration practices involving perennial 
crops and polycultures have the potential to 
restore soil health

• Specifically, Kernza, a deep-rooted perennial 
grass, has been shown to greatly aid land 
regeneration within first year of planting2

• Reactive carbon is a form of processed soil C 
that is closely correlated with the total soil 
organic C pool3

• Reactive nitrogen is a glycoprotein largely 
produced by the hyphae of arbuscular 
mycorrhizal fungi (AMF)4

• Both reactive carbon and nitrogen have been 
identified as useful metrics of soil health3
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Study Sites

• Soil samples taken before and after row 
cropping treatments were analyzed using 
spectrophotometry

• Reactive C – all sites3

• Reactive N – CBG site only5

R E S U L T S

Soil reactive carbon levels varied between sites and treatments 
following land conversion. 

Fertilized Kernza plots exhibited 
significant decreases in soil reactive 
nitrogen following land conversion.

D I S C U S S I O N
• Site characteristics that vary by location could 

have influenced inconsistent soil reactive C 
responses across sites6

• Ie. Variations in soil type, soil texture, land 
use history, and climate

• Fertilization negatively impacts reactive 
nitrogen levels

• Plant-mycorrhizal relationships that 
benefit soil health do not form in presence 
of fertilizer7

We found that soil reactive carbon:

• Increased significantly → UVM

• Decreased significantly →  DDPSC, 
Mizzou, TLI

• Did not change significantly → CBG, 
Cella, KU (Fig. 1)

• Unfertilized sites, regardless of perennial 
crop treatment, did not show significant 
differences in soil reactive N (Fig. 2)

F U T U R E  D I R E C T I O N S
• Future inquiries into the effectiveness of 

perennial polycultures in restoration could 
consider other site traits

• Consider interactive effects of soil type, 
soil texture, land use history, and climate 
on results

• Restoration-focused land management 
strategies should avoid fertilization, 
regardless of crop treatment
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Fig. 1: Row cropping treatments produced various 
responses in mean reactive nitrogen levels per site. 
Columns marked with stars have significant differences 
(* = p < 0.05, ** = p < 0.01, *** = p < 0.001).

Fig. 2: Mean reactive nitrogen levels per row cropping treatment at CBG 
site. Columns marked with stars have significant differences (* = p < 
0.05, ** = p < 0.01, *** = p < 0.001).
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3) Lucia Corte is majoring in Biological Sciences with a minor in Statistics at Wellesley College and is expecting to graduate in 2026. 

Title:  Experimental Outplanting of Encyclia tampensis 
 
Abstract:  Encyclia tampensis is a common epiphytic orchid 
distributed from Florida to the Bahamas. E. tampensis lacks 
habitat specialization and is capable of growing in a variety 
of habitats that exist in Florida, from areas with sparse 
vegetation, such as scrub, to areas with dense vegetation, 
such as mesic hammock and pine flatwoods. This study 
seeks to determine if matching seed source habitat to 
outplanting site habitat leads to a higher survival rate for 
reintroduced individuals. In 2019, seeds from mesic 
hammock, pine flatwoods, and scrub habitats were 
collected from Halpatiokee Regional Park, Pine Jog 
Preserve, and Juno Dunes Natural Area respectively, then 
propagated at the Pine Jog Environmental Education 
Center. 35 orchids from each population were taken and 
~7-14 from each source were outplanted into mesic 
hammock, pine flatwoods, and scrub sites located in Pine 
Jog Preserve. Surveys were conducted every 1-3 months to 
collect growth and survival data. Leaves from surviving 
plants and an additional 20 from each site were collected 
to extract DNA and compare expected heterozygosity, observed heterozygosity, and levels of inbreeding. As of August 2020, Orchids 
sourced from the hammock habitat generally had the lowest survival rate, whereas those sourced from pine flatwoods had the 
highest survival rate. 

4) Tami Gordon is majoring in Earth and Environmental Sciences with a minor in Ecosystems at Boston University and is expecting to 
graduate in 2025. 

Title: The Impact of Perennialization and Polyculture on Soil Health 
 
Abstract: Intensive agriculture practices have contributed 
to degradation of soil health and the loss of natural prairie 
ecosystems. Previous work suggests that the use of 
perennial crops can improve the health of degraded soil, 
with benefits to soil biodiversity and nutrient cycling. It is 
not yet established which combinations of perennial crops 
most effectively restore soil health, or whether these gains 
in soil health are sufficient to support the restoration of 
degraded sites to natural ecosystems. This study explored 
whether several different row cropping treatments 
produced a soil microbiome that could support the growth 
of prairie plants. Sterilized soil was inoculated with soil 
taken from plots planted with one of four different row 
crop treatments Four species of native prairie plants were 
planted in pots with the inoculated soil. Plant height was 
measured weekly. At six weeks, an enzyme analysis was 
run to determine the activity of phosphatase enzymes. 
After eight weeks, each species demonstrated the greatest 
amount of growth under a different soil treatment. The 
enzyme analysis found no significant differences in activity between treatments. These findings suggest that the use of 
perennialization and polyculture could be an effective step towards restoring former agricultural sites to native prairie ecosystems. 
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The Impact of Perennialization and Polyculture on Soil Health

• PROBLEM: Farming practices can negatively  impact 

soil health by: 

⚬ Reducing the soil’s capacity to aggregate and 

support plants

⚬ Reducing soil microbiome biodiversity 

⚬ Increasing vulnerability to erosion

• Illinois "the Prairie State" only has 0.01% of original 

prairie left 

•What do we do with abandoned agricultural sites? Can 

they be converted to restored prairies?

•We are exploring restoration via perennials and 

polyculture. This approach can positively impact soil 

health by:

• Improving soil stability: plants form dense root 

systems that anchor soil particles;

⚬ Reducing disturbance: plants persist for multiple 

growing seasons; 

⚬ Enhancing the soil microbiome: promoting the 

diversity of soil microbes and their functions such as 

enzymes for plant decomposition and nutrient 

cycling

Introduction Research Question
Which row cropping treatment,  be it monoculture or polyculture, produces a soil microbiome 

which best supports the growth of prairie plants? 

Hypothesis
Due to the observed effects of perennialization and polyculture on soil microbiome health, we hypothesized that prairie 

plants grown with soil inoculum from Kernza-Alfalfa biculture plots will perform better than those grown in soil 

inoculated by monoculture  row-crops or control treatments. 

We found that:

• Inoculum from the Kernza-Alfalfa biculture was 
not always the optimal treatment for each plant 
species, as hypothesized.

• Instead, the various growth responses to inocula 
suggest that crop species and polycultures 
generated different microbiomes. Thus, matching 
plant species to these microbiomes (niches) will 
be important in restoration efforts, especially for 
species that performed better with prairie 
inoculum (C4 grasses). 

•  Similar levels of phosphatase activity between 
plant- treatment combinations indicates a degree 
of functional redundancy in the microbiome for P 
acquisition. This is also supported by the lack of 
correlation between plant growth (height) and 
enzyme activity. Possibly, microbiomes may differ 
in other functions such as N or water uptake.

Discussion
Our study results raises a number of questions for 

future research:

•What are different soil health metrics that can be 

used to determine how well the plants are being 

supported by the soil inoculum and microbiome? 

•Which species would be best suited for a 

restoration process at an agricultural field setting 

as opposed to a greenhouse setting? 

•What are the soil-plant feedback mechanisms 

contributing to the differences in plant 

performance? 

•Why do some plant species respond better to 

certain treatments than others? 

Future Directions
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Figure 2. Mean height of prairie plants grown in various soil treatments. Height of each bar corresponds to mean plant height at week 1 (A) and week 8 (B), with plant species indicated along 
the x-axis, and height in mm along the y-axis. Bar color corresponds to soil treatment, AL = alfalfa, KA = Kernza-Alfalfa biculture, KF = Kernza + fertilizer, PC = positive control. Bars connects by a 
bracket were found to have statistically significant differences according to an ANOVA with Tukey Post-hoc, and asterisks indicate significance level (* = p < 0.05, ** = p < 0.01, *** = p < 0.001. )

Figure 3. Mean enzyme activity by soil treatment for the legumes. Height of 
each bar corresponds to mean enzyme at week 6, with soil treatment indicated 
along the x-axis, and enzyme activity along the y-axis. Bar color corresponds to 
soil treatment (AL = alfalfa, KA = Kernza-Alfalfa biculture, KF = Kernza + fertilizer, 
PC = positive control). 
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• Each plant species demonstrated greatest growth responses to different soil treatments (Figs 2A,B).
- Forbs and legumes responded best to the biculture inoculum while the grasses preferred the monoculture inoculum. 

• The prairie control treatment did not necessarily result in the greatest plant growth.
- In this treatment, forbs and legumes had the lowest mean plant height, but the C4 grasses had the greatest mean 
plant height.

• No significant difference was detected in enzyme activity of legumes in response to each inoculum treatment (Fig 3).

Methodology

Figure 1. A) Seedlings in greenhouse setting, B) C3 grasses showing similar responses to inoculation, C) Legume seedlings showing greatest growth responses to biculture (KA, Kernza + Alfalfa) inoculum and smallest in positive control (PC, prairie) with monoculture 
inoculum producing intermediate growth responses (KZ, Kernza).

Results

Metrics Used
• Plant survival
• Plant height (biomass proxy)
• Number of leaves (life stage proxy)
• Soil enzyme activity (microbiome abundance and 

activity):, phosphatase activity, with a focus on 
legume plants

A B C

Setting: Greenhouse

Soil Inoculum Sources
• Kernza Monoculture
• Kernza monoculture + N fertilizer
• Kernza/ Alfalfa Biculture
• Alfalfa monoculture 

Control treatments
+ Prairie (restored) soil
- Sterilized soil

Into each soil inoculum source, we planted four 
species (Fig 1) that represented different functional 
groups within prairie ecosystem:
o C3 grass (Elymus sp.)
o C4 grass (Bouteloua gracilis)
o Forb (Solidago sp.)
o Legume (Desmodium sp.)
with 5 replicates for each soil-plant combination 

Tami Gordon1,2, 3,4Leila Rquibi, 4Louise Egerton-Warburton
1BOSTON UNIVERSITY, EARTH AND ENVIRONMENTAL SCIENCES DEPARTMENT, BOSTON, MA, UNITED STATES, 2tamigord@bu.edu

3PLANT BIOLOGY AND CONSERVATION, NORTHWESTERN UNIVERSITY, EVANSTON, IL, UNITED STATES
4CHICAGO BOTANIC GARDEN, NEGAUNEE INSTITUTE FOR PLANT CONSERVATION SCIENCE AND ACTION, GLENCOE, IL, UNITED STATES 
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5) Erica Cao is majoring in Biology at Northwestern University and is expecting to graduate in 2026. 

Title: Unearthing the evolutionary history of the Pawpaw, Asimina triloba, using Next Generation Sequencing (NGS) 
 
Abstract:  The pawpaw (Asimina triloba), is a small 
deciduous tree native to eastern North America. They are 
part of a tropical family of fruits, and bear a fruit that tastes 
like a combination of bananas and mango. At its most 
northern range are the Ontario and New York pawpaws. 
Previous analysis on pawpaw populations has been done 
but those did not include pawpaws in the northernmost 
areas. This study uses genotyping-by-sequencing (GBS), a 
next generation sequencing technique, to find genetic 
similarity between different pawpaw individuals. First the 
DNA is extracted, then GBS libraries are constructed, then 
the libraries are sent out for sequencing, and lastly the 
libraries are processed. The processed DNA is then 
analyzed by creating dendrograms and PCA plots in R 
Studio to visualize the clustering. DNA from New York 
pawpaws were extracted using the DNAeasy Plant Mini Kit 
(Qiagen). As of August 16, 2023 GBS libraries of the New 
York pawpaws are currently in construction. The data processing protocol was refined from a previous protocol and tested on 
another collection of samples with geographic origins from various states. That data was analyzed and visualized in R Studio. 

6) Teagan LeVar is majoring in Biology at Northwestern University and is expecting to graduate in 2024. 

Title: Effects of Light Availability and Order of Arrival on Oak Woodland Species’ Competitive Interactions 
 
Abstract: In the Midwest U.S., oak woodlands provide a 
significant source of plant biodiversity, but many of these 
woodlands have been degraded. A common restoration 
tactic is the addition of native plants through seed 
mixes, and it is necessary to understand competitive 
interactions between species of seed mixes to effectively 
restore woodlands. In this experiment, 12 species from 
local seed mixes were used in experimental communities 
where arrival order and light availability were manipulated. 
Plant leaf count was taken at planting and two weeks later 
to determine growth rates during this time. Analysis 
focused on four graminoid species: conservative Bromus 
kalmii and Diarrhena obovate and non-conservative 
Panicum virgatum and Glyceria striata. Conservatism 
relates to species’ responses to environmental disturbance, 
with non-conservative species showing higher tolerance. 
Non-conservative species had higher growth rates than 
conservative, and late arrival for these non-conservative 
species led to significantly reduced growth rates. 
Conservative species’ establishment was not impacted by arrival order, and light availability did not significantly impact any species’ 
growth. Additional research covering other life history strategies for these species may provide more insight into the impact of 
arrival order.  

Effects of Light Availability and Order of Arrival on Oak Woodland 
Species’ Competitive Interactions
Teagan LeVar1,2, Rory Schiafo1,3, Rebecca Barak1,3

1Northwestern University 2teaganlevar2024@u.northwestern.edu 3Chicago Botanic Garden

Introduction
• Oak woodlands in the Midwest U.S. provide a significant source of plant 

biodiversity, but many of these woodlands have been degraded (Leach and 
Givnish 1999).

• Native seed mixes are commonly used to restore these woodlands, but little 
empirical research has been done into the competitive interactions among 
the species in seed mixes.

Research Question and Hypothesis
• How does light availability and species’ order of arrival impact growth 

rates?
• It is hypothesized that early arrival, especially in the resource rich (light) 

environment will lead to the fastest growth rate. Additionally, late arrival in 
these conditions is expected to show the slowest growth rate.

Materials and Methods
• 180 12” pots were planted with 12 species found 

in local seed mixes.
• Three light conditions (light, moderate, shade) 

were created with shade cloths.
• Per each light condition:
• 18 pots were initially planted with 4 species and 

the remaining 8 were added a 3 weeks later.
• 6 pots were planted with all 12 species at once.
• 36 pots acted as controls with individuals of 

each species grown (3 per species).

Results

References
Chase, J. M. 2003. Community assembly: When should history matter? Oecologia 136:489–498.
Leach, M. K., and T. J. Givnish. 1999. Gradients in the Composition, Structure, and Diversity of 

Remnant Oak Savannas in Southern Wisconsin. Ecological Monographs 69:353–374.
Davit, C. 2020, June 26. Plant Conservatism & CC Values.

https://moprairie.org/2020/06/26/plant-conservatism-cc-values/.

Discussion
Bromus kalmii showed the slowest growth rate from late arrival in the light treatment, but there were no statistically significant results for arrival order or light treatment 
(Fig. 1). Early arrival for Panicum virgatum did not significantly impact growth rates, but late arrival was significant, leading to slower growth compared to concurrent 
arrival regardless of the light treatment (Fig. 2). The conservatism status for the four graminoid species was significant for growth, with non-conservative species showing 
higher growth rates (Fig. 3). The effect of arrival order on growth rates was dependent on conservatism status (Fig. 6); the establishment of conservative species was not 
significantly impacted by arrival order, but late arrival held a cost in growth rates for non-conservative species. These results suggest that species order of arrival into a 
community may impact the successful establishment of the plant, and conservatism can alter the extent of this impact. Future research into different life history strategies of 
these species may provide additional insight into the workings of priority effects.

Acknowledgments
• We would like to thank Northwestern University’s Summer Undergraduate Research Grant for 

providing funding.
• Thank you to Julia Lemos for help in data collection and the Chicago Botanic Garden.

Figure 1. Late arrival in light treatment shows the slowest growth rate

Figure 2. Late arrival causes the slowest growth rates regardless of light treatment

Figure 3. Non-conservative species have faster growth rates than conservative

Figure 6. Table of ANOVA p-value. Conservatism impacts the effects of 
arrival order on growth

• Measurements of plant height and leaf count at the time of planting and two 
weeks later were taken for both early and late arrivers.

• Growth rates of leaves per day were found by taking the difference in leaf 
count between the initial planting and the measurement at two weeks and 
dividing by the 14-day period.

• Analysis focused on the conservative graminoid species Bromus kalmii 
(C=10) and Diarrhena obovate (C=10) and non-conservative Panicum 
virgatum (C=3) and Glyceria striata (C=4).
• Conservatism relates to a species’ response to disturbance, with non-

conservative species showing higher disturbance tolerance (Davit 2020).
• Statistical analyses included ANOVA for light treatment, arrival order, and 

conservatism status compared to growth rate and post hoc Tukey’s HSD.

* *

*p-value = 0.04397

Conservatism p-value
Conservatism * Arrival Order 0.0151

Growth Rate ~ Conservatism * Arrival Order

* *

*p-value = 2e-16

• Priority effects—the effects that an early 
arriving plant species can have on the 
establishment and growth of a later arriving 
species—likely play a part in these interactions, 
and they can vary depending on the abiotic 
conditions of the environment (Chase 2003).

• The goal of this research is to investigate how 
resource availability and order of arrival impact 
the competitive interactions between species 
found in seed mixes.

Figure 5. Table of ANOVA p-values. Arrival order affects Panicum growth

Species p-value
Bromus kalmii NS
Panicum virgatum 8.26e-5

Growth Rate ~ Arrival Order

Figure 4. Table of ANOVA p-values. Light treatment does not affect growth

Species p-value
Bromus kalmii NS
Panicum virgatum NS

Growth Rate ~ Light Treatment
Bromus kalmii

Moderate and Shade treatments

Unearthing the evolutionary history of the Pawpaw, 
Asimina triloba, using Next Generation Sequencing (NGS)

Objective/Hypothesis

Fig 2. A map of the Eastern United States with coordinates of sites where pawpaw samples were 
collected from. The samples in NY have yet to be processed. Map was made with Google Maps.

The objective of this project is to find information that could make the 
evolutionary history of the pawpaw, A. triloba, clearer. We are trying to do 
this by seeing if the DNA of the pawpaw cluster in different ways.

The null hypothesis is that the pawpaw mostly cluster based on their 
geographic origin, which would suggest they migrated through natural 
means (e.g. animals).

The alternative hypothesis is that the pawpaw samples do not cluster based 
on their geographic origin, which would suggest the plants didn’t migrate 
through natural means.
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3VMKMR�0SGEXMSRW�SJ�4E[TE[�7EQTPIWIntroduction Materials & Methods Results

Discussion

• The pawpaw (Asimina triloba) 
is a small deciduous tree native to 
Eastern North America and its 
ranges is from Ontario and 
northeastern New York, all the 
way down to Florida. How the 
pawpaw migrated is a topic of 
debate

• The pawpaw is part of a tropical 
family of plants, and its fruit reportedly 
tastes like a mix of banana and mango.

• Using the Next Generation Sequencing (NGS) technique
genotyping-by-sequencing (GBS), which allows for genome-wide 
genotyping by only sequencing a representative portion of their 
genome.

• Finally, taking the processed data, we will use a phylogenomic
approach and use R to generate dendrograms and PCA plots

• This will hopefully shine line on how different individuals cluster
 together and if their genetics match up with their geographic 
origin.

• Based on Figure 5 and Figure 6 there appears to be a trend that samples 
collected in the same state cluster together, showing they are genetically 
similar. Certain samples, like the Ohio samples, show less of this trend. There 
also seems to be some regional clustering, for example multiple Southern 
States (FL, AR, TN, LA, AL) seem to cluster together. 

• The regional clustering suggests in natural migration 
• samples that did not show much clustering are more suggestive of human 

influence on pawpaw migration.
• Further research would include the sequencing of the New York pawpaw 

samples to look for clustering and potentially local adaptions.
• Other directions of research could be related to how the genetic ancestry 

and migration of the pawpaw matches up with the horticultural practices and 
records of Native peoples.
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The Clustering of 95 Pawpaw Leaf Samples, Colored by State
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Fig 3. Flowchart displaying the general progression of the extraction, library construction, and data processing 
of pawpaw samples. Included are QR codes to more detailed procedures.

Fig 4. Flowchart of the steps taken in the GBS Library processing step of the general procedures. QR is included 
for code used along with citations of the program packages used.

PCA (Principal Component Analysis) of 95 Pawpaw samples, Colored 
by State 

Fig 5. A dendrogram showing the hierarchical clustering of the DNA of 95 pawpaw 
samples. The graph is created by calculating the samples with the least amounts of 
difference and clustering them. 

Fig 6. This PCA plot visualizes the genetic similarity of each sample by plotting them 
along PC (Principal Component) 1 and PC 2, which are the factors that cause the 
greatest and second greatest variance in the data. The closer a dot is to another dot, 
the more similar they are genetically. The dots are colored by the state they are from.

Contact: Erica Cao, ericacao2026@u.northwestern.edu

Fig 1. A photo of some pawpaw fruit

Mapping 
Percentages

Avg.     66.01 %
Stdev.   22.80 %
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7) Jay An is majoring in Biology at Stanford University and is expecting to graduate in 2024. 

Title: Collection inspection: extracting DNA from cycads in living collections for phylogenetic analysis and detection of hybrids 
 
Abstract: Cycads are an ancient lineage of plants that is 
highly threatened in the wild. Because cycad seeds become 
inviable in seed bank conditions, cycad conservation is 
performed through living collections. In these collections, 
cycads of multiple genera and species are housed together 
in a conservatory setting. Despite the absence of obligate 
pollinators, natural pollination has been observed in 
collection cycads, indicating that hybridization is also 
possible. Since living collections may be used for 
reintroduction efforts, hybridization can risk genetic 
swamping, where introduced hybrid genotypes replace 
local genotypes in the wild. We investigated methods to 
extract DNA from cycads in living collections in order to 
generate sequence data that will be used to identify 
unknown individuals and determine whether hybridization 
occurs in cycad collections. DNA extraction was performed 
via a modified CTAB protocol, and resulting DNA yield and 
purity was assessed. We found that the extraction protocol 
yielded sufficient quantities of DNA from cycad tissue, 
however extracted DNA was often of substandard purity. Sequencing results will be needed to further assess the efficacy of the 
modified CTAB protocol to generate DNA of sufficient quantity and quality for phylogenetic analysis and hybrid identification. 

8) Anabelle Manrique is majoring in Plant Biology with a minor in Environmental Science and Terrestrial Resource Management at 
the University of Washington and is expecting to graduate in 2024. 

Title: Influence of Drought Stress on Castilleja Coccinea 
 
Abstract: This study investigates the response of Castilleja 
coccinea (Orobanchaceae) to changing abiotic conditions 
caused by climate change, specifically focusing on the 
impact of drought stress on the two color variants (red and 
yellow) across distinct populations. This research aims to 
understand how drought stress influences foliar 
anthocyanin production and growth/survival rates, 
shedding light on the adaptive strategies of these plant 
populations. 

Through a controlled greenhouse experiment, four 
populations of Castilleja coccinea were subjected to well-
watered and drought conditions. Various morphological 
traits and physiological measurements were taken, 
including: rosette diameter, leaf length, number of leaves, 
and anthocyanin content. Results indicate that yellow 
variants exhibit reduced rosette diameters under drought 
stress, while red populations show higher anthocyanin 
levels regardless of treatment. These findings raise 
questions regarding genetic and population-level factors impacting physiological resilience and drought tolerance. Furthermore, 
extending the study period and integrating biomass measurements could provide a more comprehensive understanding of Castilleja 
coccinea's adaptive mechanisms in the face of changing environmental conditions. Overall, this study highlights the intricate 
connection between abiotic stresses, floral color polymorphism, and plant fitness in the context of climate change.  
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Collection inspection: extracting DNA from cycads in living 
collections for phylogenetic analysis and detection of hybrids
Jay An1, Stephan Girard2, 3, Jeremie Fant2, 3

1Stanford University, 2Northwestern University - Department of Plant Bio. & Conservation, 3Chicago Botanic Garden

� Cycads are highly threatened; over half 
of species are critically endangered 
(Baillie et al. 2004)

� Seeds become inviable in seed banks, 
making living collections necessary for 
conservation (Griffith et al. 2015)

� Pollination occurs in collections 
despite lack of obligate pollinators, 
indicating that hybridization is possible

� Hybridization in collections can harm 
reintroduction efforts by causing 
genetic swamping, where local 
genotypes are replaced by introduced 
hybrid genotypes (Levin et al. 1996)

Background

� Verify methods to extract cycad DNA of 
sufficient quality for sequence analysis

� Sequence cycads from various 
collections and compare with existing 
phylogenetic and sequence data to:

� Identify unknown and mislabeled 
individuals

� Detect hybrid individuals and 
identify whether hybridization 
occurs in collections

Objectives

ResultsMethods
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� Modified CTAB extraction yielded DNA 
of sufficient quantity for sequencing 

� In cases of insufficient yield, 
repeated extraction produced 
sufficient DNA

� DNA extracted from cycads via 
modified CTAB protocol is often of 
substandard purity

� Sequence data (in progress) needed to 
further assess the effectiveness of 
modified CTAB protocol

Conclusions

0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2

Within ideal range Outside ideal range

Figure created in BioRender

2023 Research Experiences for Undergraduates Program

REU Site: Plant Biology & Conservation Research Experiences for 
Undergraduates - From Genes to Ecosystems (Supported by NSF 
award DBI-1757800).

We would like to thank NSF-REU grant DBI-1757800
for support, and Lincoln Park and Garfield Park
Conservatories for generous access to their collections.

Additional thanks to Stephan Girard and
Lorelai Raedeke.

Baillie, Jonathan, Hilton-Taylor, Craig, and Stuart, Simon. 2004 Red List of Threatened Species: A Global 
Species Assessment. International Union for Conservation of Nature (2004). 
doi.org/10.2305/IUCN.CH.2005.3.en. 

Griffith, M. Patrick, Calonje, Michael, Meerow, Alan W. et al. Can a Botanic Garden Cycad Collection Capture the 
Genetic Diversity in a Wild Population? International Journal of Plant Sciences (2015). doi.org/10.1086/678466.

Levin, Donald A., Franciso-Ortega, Javier, and Jansen, Robert K. Hybridization and the Extinction of Rare Plant 
Species. Conservation Biology (1996). doi.org/10.1046/j.1523-1739.1996.10010010.x.

References

Genus

Genus



6 | P a g e  
 

 
9) Eva Murillo is majoring in Ecology and Sociology at Swarthmore College and is expecting to graduate in 2026. 

Title: How Distance from a Public Greenspace Impacts Private Lawn Biodiversity 
 
Abstract: Private lawns make up a significant portion of 
land use in the United States, and their management can 
damage the environment. Specifically, turfgrass lawns can 
diminish biodiversity, which reduces beneficial ecosystem 
services (i.e., pollination, flood mitigation) and worsens 
environmental problems (i.e., habitat fragmentation). 
Understanding which factors influence lawn biodiversity 
could aid in conserving ecosystems across the United 
States; this study investigates the public parks as one 
potential factor. To determine the influence of public parks 
over private lawn biodiversity, we surveyed ten private 
lawns at varying distances from park by 1. Counting the 
number of plant species and number of individuals per 
species, 2. Estimating % grass cover, and 3. Calculating the 
species diversity of each lawn. We then used regression 
analyses to model the relationship between distance from 
the park and species richness, species diversity, and % grass 
cover. Our data revealed a significant relationship between 
distance and species diversity, indicating that lawns closer to public parks are more likely to have higher species diversity. Future 
work might examine how homeowners interact with parks, and whether parks influence their planting practices. 

10) Julia Lemos is majoring in Integrative Biology and Anthropology at the University of Florida and is expecting to graduate in 2026. 

Title: Species and Functional Trait Diversity Across Soil Nutrient Gradients 
 
Abstract: Oak ecosystems across the Midwestern U.S. have 
been almost completely lost, and what remains has been 
heavily degraded. Ecological restoration efforts aim to 
restore the biodiversity and ecosystem quality found in 
pre-degraded oak ecosystems. This study aims to look at 
how both species diversity and functional traits 
(morphological, physiological, and phenological 
characteristics of plants) change across soil nutrient 
gradients. Total and native species richness were used as 
metrics of species diversity, and serve as indicators of 
ecosystem quality in this study. The functional traits 
measured were specific leaf area (SLA), leaf nitrogen 
content (LNC), and seed mass. Metrics of species diversity 
and functional trait community-weighted mean values 
were analyzed across gradients of ammonium (NH4), 
nitrate (NO3), and phosphate (PO4). There was an increase 
in both overall and native species richness with increasing 
soil nutrient availability. However, there was no 
relationship between functional traits and soil nutrients.  
By establishing the relationships between both native species richness and functional traits with soil nutrient gradients, we are able 
to assess the ability of functional traits to serve as an indicator of environmental quality. Our results suggest that species diversity 
metrics, and not functional trait values, remain the better indicator of ecosystem quality in restorations.  
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How Distance from a Public Greenspace Impacts Private 
Lawn Biodiversity

Eva Murillo, Xitlali Ramirez, Brian Lovejoy

Swarthmore College, Swarthmore, PA, emurill1@swarthmore.edu   Chicago Botanic Gardens, Glencoe, IL

Introduction 
v Lawns take up more space than irrigated corn in the United States1, and their 

maintenance can have detrimental environmental impacts2

v Since lawns have sociological value along with environmental value3, neighbor 
behavior and the homeowner’s surroundings affect their likelihood to implement 
lawn best management practices (BMPs)4 

v Investigating the factors influencing use of BMPs provides valuable information for 
conservation in urban/suburbanized areas4 - this study looks at public greenspace as 
a potential effector of BMP adoption

Methodology
v Randomly chose 10 houses near Lawrence O Wilson Park in Evanston and mapped 

their distances (m) from the park in Google Earth

v Determined 1. The number of plant species on each lawn, 2. The number of 
individuals within each species, and 3. The % grass cover for each lawn

v Modeled the relationship between distance and species richness (# spp.), diversity 
(SWI), or % grass cover using linear regression in R

Objective & Hypothesis
The goal of my study was to determine the influence of public greenspace on private 
lawn care BMPs - specifically biodiversity.

Hypothesis: if a private lawn is far away from a high-biodiversity public park, it will have 
less species richness/diversity and greater grass cover than one closer to the park.

Results

Discussion
v Takeaways: Results indicate that living closer to a park could have a positive impact on a homeowner’s decision to diversify their lawns

v Limitations: Future research should 1. survey more homes, and 2. include a more in-depth assessment of the flora in Lawrence O Wilson 
Park to gauge how directly the park affected homeowner plant choice

v Future Work: Interviews with homeowners may provide a better sense of why they plant what they plant, how often they visit parks, etc.; 
researchers might explore into how to encourage increased plant species diversity in areas with less access to public greenspace
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The relationship between distance from a public park and species richness, diversity, and % grass cover

Figure 1a. Distance from park vs. species 
richness. Distance had an insignificant 
effect on species richness (p > 0.05)

Figure 1b. Distance from park vs. species 
diversity. Distance had a significant effect 
on species richness (p < 0.05)

Figure 1c. Distance from park vs. % grass 
cover. Distance had an insignificant effect 
on grass cover (p > 0.05)
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Title: Towards culturally-informed urban conservation practices: An Evanston pilot study 
 
Abstract: Lawns constitute a large part of both public and 
private urban greenspaces, therefore making their 
management an essential component of urban biodiversity. 
Homeowners outwardly express their aesthetic and 
cultural values with the plant and management strategies 
they utilize on their lawns. While lawns are recognized as 
essential for maintaining urban biodiversity, the effect of 
cultural and racial background on plant diversity has yet to 
be studied as a tool for urban conservation. In my pilot 
study, I identified 3 neighborhoods with different racial 
majorities in Evanston, IL and found that each 
neighborhood had popular and distinct plants found in all 
studied houses. More homes in Evanston must be surveyed 
to increase the accuracy of these results. Additionally, 
homeowner interviews are required to identify the cultural 
drivers behind plant choices. Once plant preferences and 
the cultural drivers behind them are identified, native and 
beneficial alternatives to these popular plants can help increase biodiversity and ecosystem health while maintaining homeowners’ 
aesthetic preferences. 
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Title: A Comparative Analysis of the Genetic Diversity of Amsonia kearneyana 
 
Abstract: Endemic species with small population sizes are 
at risk of extinction. Conservation genetics can be used to 
assess the genetic health of threatened populations and 
inform future management projects. Amsonia kearneyana 
is endemic to a single mountainside in southern Arizona 
and has been listed under the Endangered Species Act 
since 1989. This study aims at informing the conservation 
management of A. kearneyana by understanding its 
population genetics and evaluating its relatedness to other 
Amsonia. DNA was extracted from three subpopulations of 
A.kearneyana (UBC, LBC, and South), A. kearneyana 
herbarium specimen, and sister Amsonia species. The 
genetic diversity of A.kearneyana was assessed via a 
comparative analysis of observed heterozygosity (Ho) and 
inbreeding coefficient (FIS). The genetic structure of 
A.kearneyana was also evaluated to estimate gene flow. 
Our results suggest that A.kearneyana is monophyletic and 
sister species to A. palmeri. Structure plots indicate that 
gene flow is occurring across all subpopulations, and the 
genetic diversity of A.kearneyana is not significantly lower than that of other larger sister populations. This research can be taken a 
step further by comparing the effective population size (Ne) of all of the A. kearneyana subpopulations to sister species for a better 
comparison of overall genetic health. 

Discussion and Conclusion

Methods

Phylogeny
• Amsonia kearneyana is monophyletic and sister species to A. 

palmeri. Together they are sister to A. grandiflora and A. 
longiflora.

Genetic diversity
• Genetic diversity (Ho) of A. kearneyana is not significantly lower 

than that of other larger Amsonia species populations (fig.2A). 
This suggests that genetic diversity is not a representative metric 
for measuring genetic health or extinction risk.

• Intraspecies assessment of genetic diversity (Ho) revealed that 
larger subpopulations are correlated with higher genetic diversity 
(fig 2.B).
o Historical and LBC subpopulations have lower genetic 

diversity due to their very small population size
• Larger populations of Amsonia in general have a lower Fis value, 

suggesting higher rates of outbreeding
Gene flow
• ADMIXTURE suggested  K = 2 for the three subpopulations 

(UBC, LBC, ST). Pollinators appear to be moving pollen across 
the entire distribution of A. kearneyana.

Introduction
Endemic species with small population sizes are at risk 
of extinction. Conservation genetics can be used to 
assess the genetic health of threatened populations. 
Amsonia kearneyana is endemic to a single mountain 
side in southern Arizona and has been listed under the 
Endangered Species Act since 1989. This study aims at 
informing the conservation management of A. 
kearneyana by 1. understanding its population genetics 
and 2. evaluating its relatedness to other Amsonia.

Sample Collection
• Leaves were dried on silica or collected from 

herbarium vouchers
• Amsonia palmeri (30 ind), A. kearneyana (50 ind)
• UBC - 30, LBC - 10, ST - 10, Historical - 6

DNA Extractions
• DNA extractions were done using a modified CTAB 

procedure and quantified using a Qubit
DNA Library Prep & Sequencing
• Library prep was done following a modified 

ddRADseq  protocol. Libraries were sequenced at the 
NUSeq Core facility at Northwestern University

Analyses
• SNPs were called using the STACKS. VCFtools was 

used to filter SNPs for population genetic analyses. 
We used the R programs Hierfstat and DartR to 
estimate observed heterozygosity (H0) and inbreeding 
coefficients (Fis). ADMIXTURE was used to detect if 
gene flow was occurring across A. kearneyana 
populations. The best K was chosen based on the 
lowest cross-validation value

Evelin Munoz¹ & Dylan Cohen²
¹University of Illinois Chicago, ²Chicago Botanic Garden

A Comparative Analysis of the Genetic Diversity of Amsonia kearneyana 

Objectives 
o Assess the genetic diversity and 

inbreeding  for Amsonia kearneyana
o Determine if there is gene flow across 

subpopulations
o Construct a phylogeny of A. 

kearneyana and determine if it is 
monophyletic

B
4KM0

Results

Figure 1. (A) Distribution map of Amsonia kearneyana (red), A. palmeri (purple), A. fugatei (orange), A. tharpii (green), and A. longiflora 
(yellow). Star indicates the population of A. palmeri used in this study. (B) Map of the three A. kearneyana sub-populations included in 
study (south (ST), Upper Brown Canyon (UBC), and Lower Brown Canyon (LBC)).

Figure 2. (A) Observed heterozygosity (Ho) by Amsonia species:  
A.fugatei (gray), A. kearneyana (orange), A. longiflora (blue), A. 
palmeri (red), and A. tharpii (green). (B) Observed heterozygosity 
(Ho) by subpopulations: Historical (gray), LBC (orange), South 
(blue), and UBC (red). (C) ADMIXTURE structure plot for LBC, 
ST, and UBC where K=2. Red bars separate results by 
subpopulations 

Figure 3. Phylogenetic reconstruction for western Amsonia species. 
Numbers at nodes indicate bootstrap support and values > 95 indicate 
strongly supported relationships. Several eastern Amsonia were used to 
root the phylogeny.(A.kearneyana (orange) and A.palmeri (red))

A

B

C

Longiflora

This research can be taken a step further by comparing the 
effective population size (Ne) of all of the A. kearneyana 
subpopulations to sister species. Genotyping the offspring 
generation can also be used to understand how much genetic 
diversity has been lost over time.
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Population Fis

LBC 0.135

UBC 0.014

South 0.202

Historical -0.031

Species Fis

A. kearneyana 0.128

A. palmari 0.135

A. tharpii 0.062

A. longiflora 0.075

A. fugatei 0.088

Table 1. (A) subpopulations of A.kearneyana and their inbreeding coefficient. (B) 
sister species of A.kearneyana and their inbreeding coefficient. 
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Urban lawn biodiversity & preferred 
plants differed between Black, Latino, and 

White-majority neighborhoods in 
Evanston, IL

INTRODUCTION
• Lawns constitute a large part of both public 

and private urban greenspaces, therefore 
making their management an essential 
component of urban biodiversity (Chollet et al 
2018).

• Homeowners outwardly express their aesthetic 
and cultural values with the plant and 
management strategies they utilize on their 
lawns (Galluzi et al 2010).

• Understanding homeowner’s landscaping 
choices and their unique cultural drivers is 
essential to inform the design of effective 
urban conservation programs (Uren et al 
2015). 

METHODS
• I used U.S. census data and 

bestneighborhood.org to identify census tract 
8103.01 in Evanston, IL as the area of focus 
for this study due to the presence of majority 
Black, Latino, and White neighborhoods of 
similar lawn size

• I identified and counted every plant genus on 
the front lawn of 3 single-family detached 
homes in each neighborhood. I used the 
Shannon-Wiener Diversity Index to calculate 
plant biodiversity of each neighborhood on 
the genus level.

RESULTS
• The Latino-majority neighborhood showed a 

statistically significant difference in front lawn 
biodiversity compared to Black (p = 0) and 
White (p = 0.001) majority neighborhoods (Fig. 
1, t-test).

• Each neighborhood had unique non-“weed” 
plants found in all houses surveyed (Table 1).

FUTURE WORK
• Identifying native & beneficial alternatives to 

popular plant genera can help increase 
biodiversity while retaining homeowner’s 
aesthetic preferences (Uren et al 2015). 

• More homes in Evanston must be surveyed 
within all racial groups to increase the accuracy 
of these findings. 

• Homeowner interviews are required to identify 
the cultural drivers behind plant choices.

Towards culturally-informed urban conservation practices: An Evanston pilot study

Xitlali Ramirez, Eva Murillo, Brian Lovejoy, Brianna Vargas
Duke University, Swarthmore College, Northwestern University

OBJECTIVES
• Determine plant genera that are popular 

within and between racial groups in 
Evanston

• Determine if racial differences across 
neighborhoods influence front lawn plant 
biodiversity in Evanston
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  Chollet, S., Brabant, C., Tessier, S., & Jung, V. (2018). From urban lawns to urban meadows: Reduction of mowing 
frequency increases plant taxonomic, functional and phylogenetic diversity. Landscape and Urban Planning, 180, 121–124. 
https://doi.org/10.1016/j.landurbplan.2018.08.009
 Galluzzi, G., Eyzaguirre, P., & Negri, V. (2010). Home gardens: Neglected hotspots of agro-biodiversity and cultural 
diversity. Biodiversity and Conservation, 19(13), 3635–3654. https://doi.org/10.1007/s10531-010-9919-5
 Illinois Wildflowers. (n.d.). Retrieved August 12, 2023, from https://www.illinoiswildflowers.info/
 Uren, H. V., Dzidic, P. L., & Bishop, B. J. (2015). Exploring social and cultural norms to promote ecologically sensitive 
residential garden design. Landscape and Urban Planning, 137, 76–84. https://doi.org/10.1016/j.landurbplan.2014.12.008
 U.S. Census Bureau (2017-2021). Race American Community Survey 5-year estimates. Retrieved from 
https://censusreporter.org

Table 1 - Popular plant genera in Evanston 
across racial groups

Majority race in 
neighborhood Popular genus

# Houses 
Present

Black
Buxus**, Poa,** 
Rosa, Viola* 3

Black
Taraxacum,* 
Medicago,* Pilosella* 2

Latino Poa,** Hibiscus 3

Latino
Rubus, Picea, 
Buxus**, Medicago* 2

White Poa,** Hibiscus 3

White

Buxus**, Hydrangea, 
Euonymus, 
Leucanthemum, 
Echinacea 2

* = May be considered “weeds” by homeowners
** = seen in all houses regardless of racial group

REU Site: Plant Biology & 
Conservation Research 
Experiences for 
Undergraduates - From Genes 
to Ecosystems (Supported by 
NSF award DBI-2149888).

Average neighborhood species richness: Black – n = 32.33; Latino – n = 76.33; White – n = 64

2022 Research Experiences for Undergraduates Program
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13) Ana Pineda is majoring in Biology and Data Analytics at Denison University and is expecting to graduate in 2026. 

Title: Combing molecular and morphological studies to explore the fungal diversity of Costa Rican Oak Forests 
 
Abstract: Research on neotropical fungi has increased 
substantially in the last decade. As result, several new 
species have been described but fungal diversity and 
distribution in neotropics are unknown yet. In this project, 
we explore the fungal diversity in a Neotropical Quercus 
Forest in Costa Rica. We used dried specimens collected in 
2022 to extract DNA, amplify the rDNA ITS and perform 
molecular analysis to identify the species. Lactarius, 
Amanita, and Russula were the most abundant genera. We 
focused on Lactarius species to perform phylogenetic 
analysis.  Our results show that there are 5 new potential 
species of Lactarius inhabiting the Quercus forest in Costa 
Rica. These species are different from Lactarius species 
previously described in Quercus forests in America. 
 
 
 
 
 
 

14) Melissa Patino-Martinez is majoring in Biology and Spanish with a minor in Latin American, Latinx and Caribbean Studies at 
Dickinson College and is expecting to graduate in 2024. 

Title: Population genetics of Impatiens endemic to Tanzania’s Eastern Arc 
 
Abstract: Impatiens is a genus of flowering plant that has 
species all over the world, these plants tend to prefer 
moist, tropical climates and often migrate up mountain 
sides to avoid fluctuation of environment. Our focus was on 
species endemic to the Eastern Arc Mountains, as they are 
known to be a biodiversity hotspot, with a large portion of 
endemic flora and fauna. Interestingly though, they are not 
as very studied, so this work is an effort to fill in the gaps in 
our knowledge and to understand how gene flow, 
inbreeding and environmental and human factors might 
affect. We analyzed a SNP dataset for multiple populations 
of Impatiens engleri, which is a primarily butterfly 
pollinated flowering plant, and Impatiens keilii, which is a 
primarily bird pollinated flowering plant. Due to the 
differences in primary pollinator species, we hypothesized 
that there would be less gene flow, genetic variation, and 
more structure for I. engleri over I. keilii. Through a double 
digest restriction-site associated (ddRAD) method, DNA was 
extracted, digested, barcoded, and pooled into sublibraries 
to be amplified. After this, through the use of STACKS and other programs we were able to analyze the dataset for loci, 
heterozygosity, homozygosity, Fis and then Principle Component Analysis (PCA) to visualize the results. Ultimately, our results found 
that our hypothesis that gene flow is higher in bird pollinated Impatiens such as I. keilii was correct. It was also found that gene flow 
did occur between populations of the same mountain block.  

Melissa Patino-Martinez1, Nora Gavin-Smyth2,3, Dylan H. Cohen2, Pat Herendeen2,3
1Dickinson College, 2Chicago Botanic Gardens, 3Northwestern University

Population genetics of Impatiens endemic to Tanzania’s Eastern Arc 

Impatiens is a genus of flowering plant that has species hotspots in places 
like tropical Africa, the Himalayan region, Madagascar, South India and Sri 
Lanka, and Southeast Asia (Janssens et al. 2009). The plants prefer to be in 
locations that are these tropical regions for the excess moisture available; as 
a result, they tend to migrate up mountain slopes to avoid high fluctuation 
in heat or moisture, which often leads to isolation between closely related 
lineages (Janssens et al., 2009). The Eastern Arc Mountains (EAM) are a 
mountain range that is believed to be one of the oldest tropical rainforest for 
several reasons, but among them are geological age and long-lasting 
stability in terms of moisture and climate. This also makes them a major 
biodiversity hotspot especially for Impatiens, with many of the species’ 
endemic to one or multiple mountain blocks (areas). Unfortunately, there 
isn’t a lot of information available for many taxa in the EAM region 
because it has remained largely uninvestigated (Jump et al, 2014; Blackburn 
& Measey, 2009). Studying Impatiens in the Eastern Arcto understand its 
genetic variation, gene flow and structure, can help us understand how 
biodiversity evolved in this biologically important area. Gene flow and 
genetic variation can influence the amount of inbreeding, helping us to 
further understand the effects of environmental and anthropogenic changes 
to prevent major die-off or extinction. This will also fill in gaps in the 
general information we have on this genus, and by extension better 
understand  plant endemism in the Eastern Arc. For this study, we generated 
and analyzed a SNP dataset for multiple populations of Eastern Arc 
endemic Impatiens engleri and Impatiens keilii.

MethodsIntroduction Results

Discussion

Because I. engleri is a primarily butterfly pollinated species, while 
I. keilii is primarily bird pollinated species, we hypothesized that I. 
engleri populations will have lower gene flow and thus more 
structure between mountain blocks likely leading to more 
inbreeding. On the other hand, I. keilii will have lower population 
structure and lower inbreeding. This is due to the bird having the 
ability to fly further distances than a butterfly, as such it is likely 
that it can land and pollinate multiple populations in different 
mountain blocks (Nazareno et al, 2021). 

Hypothesis

DNA Extraction + Library Prep:
Library prep was  completed with  a double digest restriction-site 
associated DNA (ddRAD) method. Total DNA was extracted 
using  a modified CTAB DNA extraction protocol using silica-
dried leaves (Doyle & Doyle 1987); the extracted DNA was then 
digested by EcoRI and MspI enzymes, barcodes were added, and 
samples pooled into 3 sub-libraries, then fragments were 
amplified. Fragments were size selected for 350 base pair (bp) 
inserts for sequencing on NovaSeq.

Impatiens engleri Impatiens keilii

Figure 1. A map of the Eastern Arc Mountains. The red markers are the different 
mountain blocks.  Colored circles correspond to populations included in sampling.

• Pairwise Fst was overall higher in I. engleri compared to I. keilii, 
indicating that population structure is overall higher in this butterfly 
pollinated species. This supports the hypothesis that gene flow is higher in 
bird pollinated Impatiens such as I. keilii.

• Gene flow is occuring in populations that occur on the same mountain 
blocs, such as Tegetero & Lupanga, Nguu 1 & 2, and Maskati & Mkingu.

• Even for bird pollinated I. keilii populations have moderate to pronounced 
structure, indicating that Eastern Arc mountains do not have strong gene 
flow between them.

Figure 4. Principle Component Analysis of Impatiens engleri 
SNP dataset.

Figure 5. Pairwise Fst between Impatiens engleri 
populations.

Figure 3. Pairwise Fst between Impatiens engleri 
populations. 

Figure 2. Principle Component Analysis of Impatiens engleri 
SNP dataset.

Thank you to Suzy Strickler for all the help with the coding, and to NSF-REU grant DBI-1757800.

• Blackburn, D.C. and Measey, G.J. (2009), Dispersal to or from an African biodiversity hotspot?. Molecular Ecology, 18: 1904-1915.
• Catchen, J. M. et al. (2011) Stacks: Building and Genotyping Loci De Novo From Short-Read Sequences, G3 Genes|Genomes|Genetics, Volume 1, Issue 3: 171–182.
• Danecek, P.et al. (2011) The variant call format and VCFtools, Bioinformatics, Volume 27, Issue 15: 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
• Doyle, J. J., & Doyle, J. L. (1987). A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochemical bulletin. 19: 11-15.
• Janssens, S. B. et al. (2009) Rapid radiation of Impatiens (Balsaminaceae) during Pliocene and Pleistocene: Result of a global climate change, Molecular Phylogenetics and Evolution, Volume 52, 

Issue 3: 806-824.
• Goudet, J. (2005), hierfstat, a package for r to compute and test hierarchical F-statistics. Molecular Ecology Notes, 5: 184-186. https://doi.org/10.1111/j.1471-8286.2004.00828.x
• Gruber, B. et al. (2018), dartr: An r package to facilitate analysis of SNP data generated from reduced representation genome sequencing. Mol Ecol Resour. 18: 691–

699. https://doi.org/10.1111/1755-0998.12745
• Jump, A.S. et al. (2014), Genetic Divergence During Long-term Isolation in Highly Diverse Populations of Tropical Trees Across the Eastern Arc Mountains of Tanzania. Biotropica, 46: 565-574.
• Nazareno, A. G. et al. (2021) By Animal, Water, or Wind: Can Dispersal Mode Predict Genetic Connectivity in Riverine Plant Species? Front. Plant Sci. Volume 2. 
• Jombart, T. (2008) adegenet: a R package for the multivariate analysis of genetic markers, Bioinformatics, Volume 24, Issue 11: 1403–1405, https://doi.org/10.1093/bioinformatics/btn129
• Weeks, J. P. (2010). plink: An R Package for Linking Mixed-Format Tests Using IRT-Based Methods. Journal of Statistical Software, 35(12), 1–33. https://doi.org/10.18637/jss.v035.i12
• Weir, B. S., & Cockerham, C. C. (1984). Estimating F-Statistics for the Analysis of Population Structure. Evolution, 38(6), 1358–1370.

The stacks denovo assembly pipeline found variant 9204 loci for I. engleri.  260 loci were 

retained after filtering. 9171 loci were found for I. keilii; 604 loci were retained after filtering. 
Im. keilii pairwise Fst ranged from >0.001 – 0.52 with a median Fst of 0.29.  I. engleri  pairwise 

Fst ranged from 0.12 – 0.78 with a median Fst of 0.61.

Data Analysis:
We used STACKS (Catchen et al. 2014) pipeline for Denovo assembly 
of raw reads: process_radtags followed by denovo_assembly.pl 
Samples with low reads were discarded. Parameter optimization was 
completed with various permutations of Minimum stack depth (-m), 
Distance allowed between stacks (-M), and Distance allowed between 
catalog loci (-n). The various parameter permutation assemblies were 
completed with both r80 and r60. m=3, M=3, and n=3 were selected as 
the best parameters for highest quality and quantity of loci recovered. 
The denovo_assembly.pl generated a .vcf of SNPs, which we filtered 
using vcftools (Danacek et al. 2011) for loci in Hardy 
Weinberg equilibrium: minimum minor allele frequency (maf) .05; 
minimum read depth 5, loci with at least 2 alleles, maximum 
missingness of 40%. Fst (Weir & Cockerham, 1984) was estimated 
using the hirerfstats package. The expected and observed 
heterozygosity and inbreeding statistics were estimated using hierfstats 
(Goudet, 2005), adegenet (Jombart, 2008), and dartR (Gruber, 2018); 
PCs were estimated using plink (Weeks, 2010).
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Table 1. Homozygosity, heterozygosity and Fis of 
Impatiens engleri SNP dataset.

Table 2. Homozygosity, heterozygosity and Fis of 
Impatiens keilii SNP dataset.
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Combing molecular and morphological studies to explore the 
fungal diversity of Costa Rican Oak Forests
Ana Pineda1, Lily Aaron2, Mariana Herrera3,4, Greg Mueller3,4

Background
Fungi are the second most species-rich 
organism group after insects. However, they 
are a very much understudied and 
underexplored group with more than 90% of 
them still unknown to science. In this project, 
we explored the fungal diversity in a 
neotropical Quercus forest in Costa Rica 
using molecular studies as the first step. Is 
the fungal diversity in a Neotropical Quercus
Forest in Costa Rica similar/same as other 
Quercus/Oak forests in America?
I hypothesize the fungal diversity in Costa 
Rica Quercus Forest will be different from 
other Oak forests

DNAextraction, PCR and sequencing
DNA was extracted from dried specimens harvested from the San Gerardo de Dota. Quercus (Oak) forest in Costa
Rica using Alkaline Extraction Process. The nuclear rDNA ITS region was amplified using primers ITS1F-ITS4,
PCR products were purified and then sequenced with a 3730xl DNA Analyzer (Thermo Fischer) at the Pritzker
Lab of Molecular Systematics and Evolution (Field Museum). The obtained sequences were assembled and edited
using BioEdit.
Phylogenetic analyses
From all our sequences we selected Lactarius species to perform phylogenetic analysis to understand the
phylogenetic relationships and identify potential new species, as it was the most abundant genus found. The
obtained sequences were assembled and edited using Sequencher. Relevant sequences were downloaded from
GenBank and included in the analyses. Separate data sets for the two markers were aligned using MAAFT. and
maximum likelihood (ML) was performed using IQ-TREE

Methods

Denison University1, Pitzer College2, Chicago Botanic Garden3, Field Museum4

Results & Discussion
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The overall fungal diversity after completing 
DNA sequencing consisted of Lactarius, 
Amanita, Russula, and 22 other genera. Our 
preliminary results from the phylogenetic tree 
show that there are 5 potentially new species 
of Lactarius, highlighted in green. The 
Lactarius species collected in Costa Rica 
haven’t been previously found in other 
Quercus forests. Furthermore, they seem to 
be phylogenetically close with American and 
Colombian sequences. Moving further in this 
study, morphological studies would have to 
be done to propose the new Lactarius species 
found in this project. 

Montoya, Leticia & Bandala, Victor & Haug, Ingeborg & Stubbe, Dirk. (2011). A new species of Lactarius (subgenus gerardii) 
from two relict Fagus grandifolia var. mexicana populations in Mexican Montane Cloud forests. Mycologia. 104. 175-81. 
10.3852/11-051. 
Nguyen I. T., Schmidt H. A., Haeseler A. & Minh B. Q . 2014. — IQ-TREE: A fast and effective stochastic algorithm 
for estimating maximum-likelihood Phylogenies. Molecular Ecology and Evolution
Hall T. 1999. — BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 
95/98/NT. Nucleic Acids Symposium Series 41: 95-98.
Katoh K, Standley DM. MAFFT multiple sequence alignment software version 7: improvements in performance and 
usability. Mol Biol Evol. 2013 Apr;30(4):772-80. doi: 10.1093/molbev/mst010.

Figure 1. Lactarius specimen 
from Quercus forest in Costa 
Rica. Collection number MHCR 2

Figure 2. Phylogenetic relationships within Lactarius samples from Costa Rica inferred from ITS 
sequences.
Bootstrap values are indicated on the tree branches. Costa Rican samples are highlighted in green.

Figure 3. Lactarius specimen from Quercus forest 
in Costa Rica. Collection number MHCR 26

pineda_a1@denison.edu, mherrera@chicagobotanic.org
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15) Marian Arevalo is majoring in Elementary Education with a minor in Middle School Science at Northeastern Illinois University 
and is expecting to graduate in 2024. 

Title: How the plant’s microbiome affects its health 
 
Abstract: Plants’ health is greatly determined by its 
microbiome. A plant’s microbiome consists of 3 sections. 
These sections are called the phyllo sphere, the 
endosphere, and the rhizosphere. However the most 
important section is the rhizosphere as it’s the area around 
a plant root that is inhabited by a unique population of 
microorganisms that can either positively or negatively 
impact a plant’s development. We learned a lot of 
insightful information regarding the different rhizosphere 
organisms and how they impact plant immunity and 
growth. For example, we learned that there are both 
beneficial and harmful rhizosphere organisms. Beneficial 
rhizosphere bacteria that promote plant growth include 
pseudomonas, bacillus, as well as fungi from the 
deuteromycetes (Trichoderma and Gliocladium). 
Rhizosphere bacteria that are deleterious to plant growth include pathogenic fungi (eg: parasites) and oomycetes. Pathogenic fungi, 
oomycetes, and nematodes. These types of bad bacteria rob plants from important minerals such as magnesium. A lack of minerals 
leads to malabsorption in the plant. This can be deadly for the plant as malabsorption does not allow the plant to receive the 
nutrients needed to survive and grow. Furthermore, we learned about a technique that Botany professionals use in their plant 
nurseries. This technique is known as AMF colonization. This technique consists of inoculating the plant with the friendly fungi 
known as mycorrhizal fungi to restore a healthy soil microbiome. This type of fungi is considered friendly bacteria because they give 
plants an enormous boost in immunity and growth by protecting their host from harmful bacteria such as parasites. 

16) Manya Srivastava is studying at Oswego East High School. 

Title: Using ecological niche models in GIS to predict the occurrence of the hybrid gentian, Gentiana x billingtonii 
 
Abstract: Natural hybridization involves successful mating 
in nature between individuals from two populations. For 
rare species, hybridization may accelerate extinction rates 
through the loss of traits that make that species unique, 
but paradoxically, it can also allow a species to gain traits to 
adapt to changing conditions. This research aims to identify 
the mechanisms promoting hybridization in rare species to 
understand the potential risk of extinction better. This 
process was investigated in two species that can hybridize, 
Gentiana puberulenta, a species considered rare in some of 
its range, and Gentiana andrewsii, a more common species. 
Ecological niche models in GIS (geographic information 
system) software were used to predict the occurrence of 
hybrid species at study sites. 

 

8VLQJ�HFRORJLFDO�QLFKH�PRGHOV�LQ�*,6�WR�SUHGLFW�WKH�RFFXUUHQFH�RI�WKH�
K\EULG�JHQWLDQ��*HQWLDQD�[�ELOOLQJWRQLL

0DQ\D�6ULYDVWDYD���0HOLVVD�'XGD����2VZHJR�(DVW�+LJK�6FKRRO���1RUWKZHVWHUQ�8QLYHUVLW\

2EMHFWLYHV�
� :KDW�FRQGLWLRQV�FDXVH�
K\EULGL]DWLRQ"

� 7R�FUHDWH�D�VSHFLHV�GLVWULEXWLRQ�
PRGHO�WR�SUHGLFW�WKH�RFFXUUHQFH�
RI�*HQWLDQD�[�%LOOLQWRQLL

,QWURGXFWLRQ�
7KH�UDUH�FRQJHQHU�*HQWLDQD�
SXEHUXOHQWD�'RZQ\�*HQWLDQ��DQG�
WKH�FRPPRQ�FRQJHQHU�*HQWLDQD�
DQGUHZVLL�&ORVHG�%RWWOH�*HQWLDQ��
K\EULGL]H�XQGHU�VSHFLILF�
FLUFXPVWDQFHV�WR�IRUP�*HQWLDQD�[�
ELOOLQJWRQLL��7KLV�SURMHFW�H[DPLQHV�
WKH�FLUFXPVWDQFHV�WKDW�DOORZV�WKH�
FRQJHQHUV�WR�K\EULGL]H�DQG�LI�LW�
ZLOO�LQFUHDVH�WKH�ULVN�RI�H[WLQFWLRQ�
IRU�WKH�'RZQ\�*HQWLDQ�

0HWKRGV�
� &UHDWHG�D�VSHFLHV�GLVWULEXWLRQ�
PRGHO��6'0��IRU�ERWK�JHQWLDQ�
VSHFLHV�WR�OD\HU�WKHP�DQG�ILQG�
ZKHUH�WKH�K\EULG�RFFXUV

� &RQGXFWLQJ�ILHOG�UHVHDUFK�WR�VHH�
LI�WKHUH�DUH�FRPPRQ�SROOLQDWRUV�
WKDW�SURPRWH�K\EULGL]DWLRQ

'LVFXVVLRQ�
$V�FOLPDWH�FKDQJH�VKLIWV�WKH�
QDWXUDO�UDQJH�RI�VSHFLHV��WKH�
'RZQ\�*HQWLDQ�DQG�&ORVHG�%RWWOH�
*HQWLDQ�PD\�VWDUW�WR�LQKDELW�PRUH�
RI�WKH�VDPH�DUHDV��7KLV�FDXVHV�
PRUH�K\EULGL]DWLRQ�RFFXU�DQG�WKH�
'RZQ\�*HQWLDQ�PD\�IDFH�
H[WLQFWLRQ�LI�WKH�K\EULGV�KDYH�
VWURQJHU�VHHGOLQJV�DQG�SROOHQ�
� 6'0V�ZHUH�XVHG�LQ�D�VWXG\�E\�
'LQJ�HW�DO���������WR�GHWHUPLQH�
WKH�SRWHQWLDO�GLVWULEXWLRQ�RI�
%HWXOD�PLFURSK\OOD��D�VSHFLHV�
GHFOLQLQJ�WRZDUG�SRWHQWLDO�
H[WLQFWLRQ�GXH�WR�FOLPDWH�FKDQJH�
DQG�KXPDQ�DFWLYLWLHV��DQG�WZR�
FRPPRQ�FRQJHQHUV��%HWXOD�
WLDQVKDQLFD�DQG�%HWXOD�
SODW\SK\OOD��

5HVXOWV�
$OWKRXJK�ILHOG�UHVHDUFK�LV�VWLOO�RQJRLQJ��ZH�DUH�ORRNLQJ�WR�ILQG�PRUH�RQ�WKH�
IROORZLQJ�
� ,I�WKHUH�DUH�VKDUHG�SROOLQDWRUV�EHWZHHQ�WKH�WZR�VSHFLHV
� +RZ�VWURQJ�DUH�WKH�K\EULG�VHHGOLQJV�FRPSDUHG�WR�WKH�GRZQ\�VHHGOLQJV
� :LOO�WKH�UDUH�GRZQ\�JHQWLDQ�EHFRPH�H[WLQFW�DV�WKH�K\EULG�EHFRPHV�
PRUH�FRPPRQ

$FNQRZOHGJHPHQWV��
:H�ZRXOG�OLNH�WR�WKDQN�6RSKLH�
7DGGHR�IRU�DOO�RI�KHU�JXLGDQFH��
7KDQN�\RX�WR�WKH�&KLFDJR�%RWDQLF�
*DUGHQV�IRU�KRVWLQJ�WKLV�UHVHDUFK�
DQG�WKH�16)�5(8�JUDQW�
'%,���������IRU�VXSSRUW�

5HIHUHQFHV��
'LQJ��-���+XD��'���%RUUHOO��-��6���$��%XJJV��5��-���:DQJ��/���:DQJ��)���/L��=���	�:DQJ��1����������,QWURJUHVVLRQ�EHWZHHQ�%HWXOD�WLDQVKDQLFD�DQG�%HWXOD�
PLFURSK\OOD�DQG�LWV�LPSOLFDWLRQV�IRU�FRQVHUYDWLRQ��3ODQWV��3HRSOH��3ODQHW�����������������KWWSV���GRL�RUJ���������SSS�������

&DQRS\�&RYHU 5DLQIDOO

,QWURGXFWLRQ��������������������������������������������
3ODQW¶V�KHDOWK�LV��JUHDWO\�LPSDFWHG�E\�LW¶V�PLFURELRPH���$�SODQW¶V�PLFURELRPH��FRQVLVWV�RI�WKUHH�VHFWLRQV��7KHVH�
VHFWLRQV�DUH�FDOOHG�WKH�SK\OORVSKHUH��WKH�HQGRVSKHUH��DQG�WKH�UKL]RVSKHUH��+RZHYHU�WKH�PRVW�LPSRUWDQW�VHFWLRQ�LV�
WKH�UKL]RVSKHUH�DV�LW¶V�WKH�DUHD�DURXQG�D�SODQW�URRW�WKDW�LV�LQKDELWHG�E\�D�XQLTXH�SRSXODWLRQ�RI�PLFURRUJDQLVPV�
WKDW�FDQ�HLWKHU�SRVLWLYHO\�RU�QHJDWLYHO\�LPSDFW�D�SODQW¶V�JURZWK�

'LVFXVVLRQ
:H�IRXQG�WKDW�WKHUH�DUH�PDQ\�W\SHV�RI�5KL]RVSKHUH�RUJDQLVPV��7KHVH�UKL]RVSKHUH�RUJDQLVPV�FDQ�HLWKHU�EH�EHQHILFLDO�RU�GDPDJLQJ�WR�D�SODQW
V�JURZWK��5KL]RVSKHUH�RUJDQLVPV�WKDW�DUH�

GDPDJLQJ�WR�D�SODQW¶V�JURZWK�LQFOXGH�SDWKRJHQLF�IXQJL��HJ��SDUDVLWHV��DQG�RRP\FHWHV���3DWKRJHQLF�IXQJL��RRP\FHWHV��DQG�QHPDWRGHV�FDQ�UHVXOW�LQ�PDMRU�VWUHVVHV�LQ�SODQWV��7KH�UHDVRQ�IRU�WKLV�LV�WKHVH�
W\SHV�RI�KDUPIXO�EDFWHULD�OHDG�WR�PDODEVRUSWLRQ�DPRQJ�SODQWV�ZKLFK�GRHV�QRW�DOORZ�SODQWV�WR�HIIHFWLYHO\�DEVRUE�QXWULHQWV��ZDWHU��DQG�FDUERK\GUDWHV��$V�D�UHVXOW��SODQWV�FDQ�EHFRPH�GHILFLHQW�LQ�
LPSRUWDQW�PLQHUDOV�VXFK�DV�PDJQHVLXP��$�GHILFLHQF\�RI�PDJQHVLXP�LQ�SODQWV�UHVXOWV�LQ�D�GLVHDVH�FDOOHG�FKORURVLV��&KORURVLV�UHIHUV�WR�D�SODQW�EHLQJ�XQDEOH�WR�SURGXFH�DQ�DGHTXDWH�DPRXQW�RI�
FKORURSK\OO��7KH�PDLQ�V\PSWRP�RI�FKORURVLV�LV�SODQWV�GHYHORSLQJ�\HOORZ�OHDYHV�LQVWHDG�RI�JUHHQ�OHDYHV��$�ODFN�RI�FKORURSK\�LPSHGHV�SODQWV�IURP�SDUWDNLQJ�LQ�WKH�SURFHVV�RI�SKRWRV\QWKHVLV��

-XVW�DV�WKHUH�LV�KDUPIXO�UKL]RVSKHUH�PLFURRUJDQLVP��WKHUH�DUH�DOVR��IULHQGO\�UKL]RVSKHUH�PLFURRUJDQLVPV���([DPSOHV�RI�IULHQGO\�UKL]RVSKHUH�PLFURRUJDQLVPV�WKDW�SURPRWH�SODQW�JURZWK�
LQFOXGH�SVHXGRPRQDV��EDFLOOXV��DV�ZHOO�DV�IXQJL�IURP�WKH�GHXWHURP\FHWHV��7ULFKRGHUPD�DQG�*OLRGFODLGXP����3VHXGRPRQDV�SURPRWHV�SODQW�JURZWK�LQ�YDULRXV�ZD\V��)RU�H[DPSOH��3VHXGRPRQDV�
VXSSUHVV�SDWKRJHQLF�PLFUR�RUJDQLVPV�E\�SURGXFLQJ�FHOO�ZDOO�GHJUDGLQJ�HQ]\PHV��&HOO�ZDOO�GHJUDGLQJ�HQ]\PHV�LPSHGH�SDWKRJHQLF�IXQJL�IURP�LQYDGLQJ�WKH�SODQW��,Q�DGGLWLRQ���SVHXGRPRQDV�KHOS�
ZLWK�UHJXODWLQJ�SODQW�KRUPRQHV��3ODQW�KRUPRQHV�LQFOXGH�HWK\OHQH��JLEEHUHOOLQV��F\WRNLQLQV��DEVFLVLF�DFLG��DQG�DX[LQV��,W
V�HVVHQWLDO�WKDW�WKHVH�KRUPRQHV�DUH�V\QWKHVL]HG�DV�WKH\�KHOS�ZLWK��SURPRWLQJ�
LQFUHDVHG�SODQW�GLVHDVH�UHVLVWDQFH��

6LPLODUO\�WR�SVHXGRPRQDV�%DFLOOXV�DOVR�SURPRWHV�SODQW�JURZWK���+RZHYHU��%DFLOOXV�GRHV�WKLV�GLIIHUHQWO\��%DFLOOXV�SURPRWHV�SODQW�JURZWK�E\�SURGXFLQJ�VWUHVV�WROHUDQW�VSRUHV��%DFLOOXV�
VSRUHV��FRPEDW�DELRWLF�VWUHVV��([DPSOHV�RI�DELRWLF�VWUHVVHV�WKDW�SODQWV�PD\�H[SHULHQFH�LQFOXGH�H[FHVVLYH�GURXJKW�DQG�SDUDVLWH�LQIHVWDWLRQV��$GGLWLRQDOO\��DELRWLF�VSRUHV�PDLQWDLQ�WKH�LRQLF�EDODQFH�RI�
SODQWV��3ODQW�LRQLF�EDODQFH�UHIHUV�WR�SODQWV�UHFHLYLQJ�DQ�DGHTXDWH�DPRXQW�RI�FUXFLDO�PLQHUDOV�VXFK�DV�QLWURJHQ��SKRVSKRUXV��SRWDVVLXP�DQG�PDJQHVLXP��DQG�VXOIXU���&RPELQHG��WKHVH�SODQW�QXWULHQWV�
DUH�NH\�WR�KHDOWK\�SODQW�JURZWK��1LWURJHQ�ERRVWV�SKRWRV\QWKHVLV��3KRVSKRUXV�IDFLOLWDWHV�URRW�JURZWK���3RWDVVLXP�KHOSV�SODQWV�IRUP�HQ]\PHV�ZKLFK�DUH�QHFHVVDU\�IRU�VHYHUDO�PHWDEROLF�IXQFWLRQV�VXFK�
DV�SKRWRV\QWKHVLV�DQG�UHVSLUDWLRQ��0DJQHVLXP�UHVXOWV�LQ�WKH�SURGXFWLRQ�RI�FKORURSK\OO�ZKLFK�DOORZV�SODQWV�WR�DEVRUE�VXQOLJKW�DQG�FRQYHUW�LW�WR�HQHUJ\���6XOIXU�HQVXUHV�WKDW�SODQWV�DUH�IRUPLQJ�DPLQR�
DFLGV�VXFK�DV�SKHQ\ODODQLQH��W\URVLQH��DQG�WU\SWRSKDQ�ZKLFK�DUH�YLWDO�IRU�FKORURSK\OO�IRUPDWLRQV���0RUHRYHU��%DFLOOXV�VSRUHV�HQVXUH�WKDW�ZDWHU�PRYHV�HIIHFWLYHO\�WKURXJK�D�SODQW���7KLV�LV�HVVHQWLDO�DV�
ZDWHU�FDUULHV�QXWULHQWV�EDFN�DQG�IRUWK�EHWZHHQ�URRWV�DQG�OHDYHV�UHVXOWLQJ�LQ�KHDOWK\�SODQW�JURZWK�DQG�GHYHORSPHQW���

$V�PHQWLRQHG��SDWKRJHQLF�IXQJL�DUH�WKH�W\SH�RI�IXQJL�WKDW�DUH�GHWULPHQWDO�WR�WKH�KHDOWK�RI�DOO�RUJDQLVPV�LQFOXGLQJ�SODQWV��+RZHYHU��WKHUH�DUH�EHQHILFLDO�IXQJL��([DPSOHV�RI�EHQHILFLDO�
IXQJL�LQFOXGH�P\FRUUKL]DO�IXQJL��7KH\�IRUP�D�V\PELRWLF�UHODWLRQVKLS�ZLWK�SODQWV��7KLV�V\PELRWLF�UHODWLRQVKLS�LV�NQRZQ�DV�0\FRUUKL]DO�IXQJL���7KH�VWXG\�FDOOHG�³(IIHFW�RI�DUEXVFXODU�P\FRUUKL]DO�
IXQJL�RQ�WKH�SK\VLRORJLFDO�IXQFWLRQLQJ�RI�PDL]H�XQGHU�]LQF�GHILFLHQW�VRLOV´��SURYHV�P\FRUUKL]DO�IXQJL�HIIHFWLYHQHVV�DPRQJ�PDL]H�LQRFXODQWV���$FFRUGLQJ�WR�WKH�VWXG\��DQ�LQFUHDVH�LQ�FKORURSK\OO�
XSWDNH�ZDV�VHHQ�LQ�LQRFXODWHG�PDL]H�ZLWK�0\FRUUKL]DO�IXQJL���2Q�WKH�RWKHU�KDQG��QRQ�LQRFXODWHG�PDL]H�H[SHULHQFHG�D�GHFUHDVH�LQ�FKORURSK\OO�XSWDNH���6DERRU�HW�DO�����������7KLV�IXUWKHU�SURYHV�KRZ�
P\FRUUKL]DO�IXQJL�SRVLWLYHO\�LPSDFW�WKH�JURZWK�RI�SODQWV�E\�DFWLQJ�OLNH�D�VSRQJH�IRU�LPSRUWDQW�QXWULHQWV�

+\SRWKHVLV
:H�SUHGLFW�WKDW�WKH�W\SH�RI�UKL]RVSKHUH�PLFURRUJDQLVP�
IRXQG�LQ�D�SODQW¶V�UKL]RVSKHUH�ZLOO�GHWHUPLQH�ZKHWKHU�WKH�
SODQW�ZLOO�VXUYLYH�DQG�JURZ�

����:RUN�&LWHG�

%HDOV��.HQGDOO�.���HW�DO��³&RQGLWLRQDOLW\�RI�6RLO�0LFURELDO�0HGLDWLRQ�RI�6ROLGDJR�3ODQW�
3KHQRW\SH��,QGLFDWRU�7D[D�ZLWKLQ�&RPSOH[�0LFURELRPHV�
,QIOXHQFH�6RPH��EXW�1RW�$OO�6ROLGDJR�7UDLWV���3ODQW�DQG�6RLO�´�
6SULQJHU/LQN�����'HF��������
OLQN�VSULQJHU�FRP�DUWLFOH���������V������������������

&KHQJ��;LDQJURQJ��HW�DO��³5KL]REDFWHULDO�&RPPXQLWLHV�DQG�)LQH�5RRW�7UDLWV�7RJHWKHU�
5HYHDO�9DULDWLRQV�LQ�*URZWK�3HUIRUPDQFH�RI�4XHUFXV�
$FXWLVVLPD�LQ�'LIIHUHQW�3URYHQDQFHV���(XURSHDQ�-RXUQDO�RI�
)RUHVW�5HVHDUFK�´�6SULQJHU/LQN����6HSW��������
OLQN�VSULQJHU�FRP�DUWLFOH���������V������������������

(FKHYHUULD�0�6FDPEDWR�$$�6DQQD]]DUR�$,�0DLDOH�6�5XL]�2$�0HQpQGH]�$%��
³3KHQRW\SLF�3ODVWLFLW\�ZLWK�5HVSHFW�WR�6DOW�6WUHVV�5HVSRQVH�
E\�/RWXV�*ODEHU��7KH�5ROH�RI�,WV�$0�)XQJDO�DQG�5KL]RELDO�
6\PELRQWV�´�0\FRUUKL]D��SXEPHG�QFEL�QOP�QLK�JRY������������
$FFHVVHG����$XJ�������

-0���0HQGHV�5�*DUEHYD�3�5DDLMPDNHUV��³7KH�5KL]RVSKHUH�0LFURELRPH��6LJQLILFDQFH�RI�
3ODQW�%HQHILFLDO��3ODQW�3DWKRJHQLF��DQG�+XPDQ�3DWKRJHQLF�
0LFURRUJDQLVPV�´�)(06�0LFURELRORJ\�5HYLHZV��
SXEPHG�QFEL�QOP�QLK�JRY������������$FFHVVHG����$XJ�������

0DNDURYD��/��(���HW�DO��³6HFUHWLRQ�RI�3KHQROLF�&RPSRXQGV�LQWR�5RRW�([XGDWHV�RI�3HD�
6HHGOLQJV�XSRQ�,QRFXODWLRQ�ZLWK�5KL]RELXP�/HJXPLQRVDUXP�
%9��9LFHDH�RU�3VHXGRPRQDV�6LULQJDH�3Y��3LVL���$SSOLHG�
%LRFKHPLVWU\�DQG�0LFURELRORJ\�´�6SULQJHU/LQN�����0DU��������
OLQN�VSULQJHU�FRP�DUWLFOH���������6�����������������

6DERRU��$EGRRO��HW�DO��³(IIHFW�RI�$UEXVFXODU�0\FRUUKL]DO�)XQJL�RQ�WKH�3K\VLRORJLFDO�
)XQFWLRQLQJ����´�1DWLRQDO�/LEUDU\�RI�0HGLFLQH�����6HSW��������
ZZZ�QDWXUH�FRP�DUWLFOHV�V������������������SGI��

$FNQRZOHGJHPHQWV
,�ZRXOG�OLNH�WR�WKDQN�WKH�IROORZLQJ�&%*�6WDII�
IRU�WKH�VXSSRUW�DQG�JXLGDQFH�WKURXJKRXW�WKLV�
LQWHUQVKLS��,W�LV�YHU\��PXFK�DSSUHFLDWHG�
�$OLFLD�)R[[
��+LODU\�1REOH
��/RXLVH�(JHUWRQ�:DUEXUWRQ
�'DYH�6ROOHQEHUJHU
�-HUHPLH�)DQW
�%HFN\�%DUDN�
�/HLOD�5TXLEL
�-XOLD�/HPRV

�

+RZ�WKH�3ODQW
V�0LFURELRPH�
$çHFWV�LWV�+HDOWK

�%\�0DULDQ�$UHYDOR�$QG�$OLFLD�
)R[;

&RQWDFW��PJDUHYDOR#QHLX�HGX
6FKRRO��1RUWKHDVWHUQ�,OOLQRLV�8QLYHUVLW\
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17) Hayden Hogue is studying at Glenbrook South High School. 

Title: Who’s that Pokémoth? Barcoding Micro-Moths 
 
Abstract: The McDonald Woods, once severely degraded 
post-European colonization, has ongoing efforts to restore 
it to its pre-settlement condition. Ecologist Jim Steffen has 
led the endeavor to document the forest’s moths, 
pollinators which can indicate broader species diversity. 
However, due to interspecific physical similarity and small 
size, over 500 specimens remain unidentified. In response 
to this challenge, we have turned to genetic analysis using 
the COI region, a genetic “barcode” approximately 650 
base pairs in length, characterized by high interspecific 
diversity and low intraspecific diversity. We extracted the 
DNA with a Chelex protocol, and amplification along the 
COI region created fragments we stitched together to 
reference to the online species database BOLDSystems. 
However, since the moths in our collection have been 
preserved in Dichlorvos, a pesticide that denatures DNA, 
fragment quality is unpredictable. Our most recent data 
yielded varied success, with both plausible and unlikely 
identifications. Despite this, we hope to see more 
consistent, quality results with modifications we have  
made this summer. 
  

Ɣ 0FGRQDOG�:RRGV�XQGHUJRLQJ�
UHVWRUDWLRQ�DIWHU�VHYHUH�GHJUDGDWLRQ�

Ɣ 6XUYH\V�RI�FKDQJLQJ�ELRGLYHUVLW\�
KDYH�FRQWLQXHG�WKURXJKRXW�
UHFRYHU\�
ż ,QFU��VSHFLHV�RI�PRWKV��,QFU��
ZRRGODQG�VSHFLHV�GLYHUVLW\�

Ɣ 2IWHQ��PRWKV�DUH�WRR�VPDOO�RU�
SK\VLFDOO\�VLPLODU�WR�RWKHU�PRWKV�WR�
GL·HUHQWLDWH�VSHFLHV��

Ɣ *HQHWLF�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�
KHOS�LGHQWLI\�WULFN\�VSHFLPHQV�
ż &2,�5HJLRQ��a����ES��VLWH�Z��ORZ�
LQWUDVSHFLHV�GLYHUVLW\�	�KLJK�
LQWHUVSHFLHV�GLYHUVLW\�

ż '1$�GHJUDGHG�IURP�SUHVHUYDWLYH�

:KRȆV�WKDW�3RN«PRWK"
%DUFRGLQJ�0LFUR�0RWKV�

)BZEFO�)PHVFu
�)JMBSZ�/PCMFo
�+FSFNJF�'BOUo
u(MFOCSPPL�4PVUI�)JHI�4DIPPM
�o$IJDBHP�#PUBOJD�(BSEFO

,QWURGXFWLRQ

Ɣ ,GHQWLW\�WKH������LQGLYLGXDOV�
EURXJKW�WR�&%*�WR�VSHFLHV�OHYHO�
ZLWKRXW�GHVWUR\LQJ�WKH�IUDJLOH�
PRWKV�
ż +RSH�WR�SUHVHUYH�LQGLYLGXDO�DV�
PXVHXP�VSHFLPHQV�IRU�IXUWKHU�
FRPSDULVRQ�WR�RWKHU�XQLGHQWLΈHG�
PRWKV��

2EMHFWLYH

0HWKRGV

Ɣ 9DULDWLRQ�LQ�VXFFHVV
Ɣ 2IWHQ�RQO\�VKRUW�VHTXHQFHV�

UHFRYHUHG��PLVUHDGV�	�
PLVLGHQWLΈFDWLRQV�

Ɣ )UDJPHQWDWLRQ�RYHU�WLPH�FRXOG�
KDYH�OHG�WR�ORZ�TXDOLW\�UHDGV�

Ɣ 3RVVLEOH�FRQWDPLQDWLRQ�E\�+\OHV�
OLQHDWD�LQ�ODE�

Ɣ +RSH�WR�DFKLHYH�FRQVLVWHQW�IXOO�
VHTXHQFHV�DQG�VXFFHVVIXO�
LGHQWLΈFDWLRQV�ZLWK�FRQWLQXHG�
PRGLΈFDWLRQV�WR�SURWRFRO�

'LVFXVVLRQ

,GHQWLΈFDWLRQ��$FURQLFWD�LQWHUUXSWD

,GHQWLΈFDWLRQ��+\OHV�OLQHDWD��XQOLNHO\�

+LODU\�1REOH�DQG�-HUHPLH�)DQW�IRU�JXLGLQJ�PH�
WKURXJKRXW�WKLV�SURMHFW
-LP�6WH·HQ�IRU�SURYLGLQJ�WKH�PRWKV�ORO

$FNQRZOHGJHPHQWV

5HVXOWV

5HIHUHQFHV
{3URVVHU��6��:���GH:DDUG��-��5���0LOOHU��6��(���	�+HEHUW��3��'����������GQD�EDUFRGHV�
IURP�FHQWXU\䇲ROG�W\SH�VSHFLPHQV�XVLQJ�QH[W䇲JHQHUDWLRQ�VHTXHQFLQJ��0ROHFXODU�
(FRORJ\�5HVRXUFHV������������ȁ�����KWWSV���GRL�RUJ������������������������

t5*���&��-��&���Q�G����&KHOH[�ZLWKRXW�ERLOLQJ��D�UDSLG�DQG�HDV\�WHFKQLTXH�WR�REWDLQ�
VWDEOH�DPSOLΓDEOH�'1$�IURP�VPDOO�DPRXQWV�RI�HWKDQRO�VWRUHG�VSLGHUV��0ROHFXODU�
HFRORJ\�UHVRXUFHV��KWWSV���SXEPHG�QFEL�QOP�QLK�JRY�����������

&NBJM��KBNFTIBZEFO��!JDMPVE�DPN



11 | P a g e  
 

PROGRAM INFORMATION: 
The Chicago Botanic Garden has hosted a Research Experiences for Undergraduates (REU) Site, supported in-part by 
NSF, since 2003. This year 27 students participated in our ten-week summer undergraduate research experience, which 
is one of only a few programs in the country that offers undergraduate students an opportunity to explore a diverse 
array of scientific fields related to plant biology and conservation. Students are mentored by faculty and graduate 
students from the joint Chicago Botanic Garden–Northwestern University Graduate Program in Plant Biology and 
Conservation and other graduate programs as well as staff from the Garden. Their research projects are based at the 
Daniel F. and Ada L. Rice Plant Conservation Science Center, and they receive training in all aspects of the research 
process, from hypothesis formulation through experimental design, data collection, analysis, and ultimately 
presentation of results through this public research symposium. REU interns also serve as research mentors for high 
school students participating in the Garden’s College First program, and participate in field trips, workshops, and 
professional development activities. Additionally, students and their mentors often pursue opportunities to present at 
national scientific meetings or publish findings in peer-reviewed journals following completion of the program.  
 
REU Coordinators: Jeremie Fant, Becky Barak, Hilary Noble, and Alex Zink 
 
BIG THANKS TO: 
 
Mentors: This science training program would not be possible without your dedication. We appreciate all the time and 
effort you have put into these students and hope that it has been as rewarding for you as it was for the students. 
 
College First: Your partnership allowed for a richer growth of our students through mentorship and science 
communication.  
 
Institutional Partners: The Morton Arboretum and UIC CIM2AS Program for fostering a network of institutions that seek 
to train the next generation of scientists. Thank you in particular to the Biology department of UIC for hosting the lunch 
and poster symposium. 
 
Funders: This summer program was supported in part by NSF-REU DBI-2149888 (Barak, Fant) and the Charles and 
Margery Barancik Foundation.  


