Population Genomics Analysis of Grindelia squarrosa
(Pursh) Dunal in Billings, Montana

Research Questions:

1. How do genomic variations in Grindelia squarrosa contribute to its adaptability
iIn contrasting environments?
2. What genetic mechanisms underpin the resilience of G. squarrosa to different
climate change in Montana?

Abstract

Given the rising impact of climate change and habitat modification, understanding the
genetic mechanisms underlying plant adaptation is crucial for conservation efforts. This
study investigates how different populations of Grindelia squarrosa (Pursh) Dunal,
commonly known as curly-cup gumweed, adapt to diverse environmental conditions in
Billings, Montana to understand plant adaptability and resilience. Using a population
genomics approaches and Next-generation Sequencing (NGS) the populations were
explored to identify genetic variations that maybe linked to their environmental
adaptations. This exploration is guided by the hypothesis that unique adaptive genetic
markers will be identified in populations under different selection pressures. Through
genomic analysis a clearer picture of how species respond to varied ecological
pressures will be gained. Such insights will advance our understanding in the field of
conservation genomics and highlight the crucial role of genetic diversity and adaptation
in facing environmental changes.

Premise

Curlycup gumweed (Grindelia squarrosa) is a native perennial notable for its presence
iIn disturbed habitats across western North America. It is valued for its potential in
ecological restoration and land management due to its adaptability and usefulness in
supporting pollinator and wildlife habitats (Tilley & Wolf, 2020). Our research stands at
the intersection of genetic diversity and ecological adaptation, investigating the genomic
signatures that enable G. squarrosa to flourish in Montana's contrasting environments
as shown in Fig. 1 (Montana Natural Heritage Program, n.d., Chung et al., 2023).
Through a fine-grained analysis of sequence variation and expression patterns, we
seek to identify the genomic part of environmental fitness. The findings are anticipated
to offer a deeper understanding of plant adaptive mechanisms, potentially influencing
the development of strategies for preserving broader biodiversity and ecosystem
stability in the face of climatic challenges (Ebert & Engels, 2020).
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Figure 1. Distribution of Curlycup Gumweed (Grindelia squarrosa) in Montana by Observation
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Methods

Sampling:

Two populations of G. squarrosa were collected from an arid desert landscape (Helt
Road, Warren, MT) and a temperate urban park (Riverfront Park, Billings, MT). DNA
Extraction:

DNA was extracted using the Dneasy Plant Pro kit, following the manufacturer's
protocol with modifications followed by a standard ethanol precipitation for higher
concentration

Library Preparation and Sequencing:

ONT Ligation Kit and Flongle Flow Cells were used for sequencing following the
manufacturer’s protocols.

Data Analysis:

Geneious was used to implement a de novo assembly with the FLYE genome
assembler.

Figure 2. Nanopore Activity Throughout the Sequencing Run.
Tracks when each part of the sequencing machine was active,
available, or stopped, displaying the workflow over the duration of
the experiment.
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Figure 3. Distribution of Sequencing Read Lengths. lllustrates the
range and abundance of DNA fragments captured, comparing
expected and actual data to show the diversity of DNA lengths
seqguenced.
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Figure 4. Cumulative Base Output Over Time for Sequencing Run.
Charts the accumulation of high-quality genetic information over
time, highlighting the efficiency of the sequencing process.

Discussion

Our project pursued to decode the genetic basis for Grindelia squarrosa’s successful
adaptation to Montana's varied ecosystems. By assembling 9,777 reads into 69 contigs,
we have started towards creating a comprehensive genome. These segments, several
over 1,000 base pairs and one extending past 90,000 base pairs, indicate we've
captured extensive and significant portions of the plant's genome. The analyses In
Figures 2, 3, and 4 not only present a diverse set of genetic sequences but also confirm
the effectiveness of our sequencing techniques. With a notable average segment size
of 16,668 base pairs, we've over come one hurdle for investigating the complex
relationship between genetic diversity and environmental adaptation of G. squarrosa.

Statistics All Contigs Contigs >=100 bp Contigs >=1000 bp
Number of 69 69 68

Min Length (bp) 603 603 1,190
Median Length (bp) 8,998 8,998 9,111

Mean Length (bp) 13,820 13,820 14,014

Max Length (bp) 91,576 91,576 91,576

N50 Length (bp) 16,668 16,668 16,668
Number of contigs >= N50 14 14 14

Length Sum (bp) 953,619 953,619 953,016
Conclusion

In this Investigative phase of our research, we have Initiated the process of
understanding the genetic basis for Grindelia squarrosa’s resilience by undertaking the
mapping of its chloroplast genome. Challenges such as low DNA concentration from
our samples have not only been instructive in improving our extraction techniques but
also in setting a clear direction for future work. Moving forward, we're ready to
iInvestigate deeper into the genetic makeup that underlies the plant's remarkable
adaptability to environmental stress. Our commitment to this research extends beyond
the present, as we strive to contribute to the vital field of conservation genetics and the
safeguarding of plant biodiversity.
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