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Abstract 

Invasive plant species thrive to the detriment of the ecosystems in which they are 

introduced (Zhang et al., 2021). They are difficult to manage due to how prolific they grow and 

how costly they are to remove. I studied the genomic characteristics of invasive vs. non-invasive 

plant species to determine what—if any—aspects of plant genomes contribute to whether or not 

a species was invasive. I gathered data from genome assemblies within open-source genome 

repositories and research papers for 15 non-invasive plant species and 19 invasive plant species. 

I compared the size and the components of the genomes (e.g., the number of coding genes, the 

number of chromosomes, the percentage of repetitive and transposable elements, etc.) of the 

invasive plant species to those of the non-invasive plant species. My results indicate that these 

characteristics are not statistically different for invasive vs. non-invasive plant species. These 

findings indicate that the aspects of plant genomes that impact invasiveness may be more 

specific. Comparing these characteristics in invasive and non-invasive plant species found in the 

same location or climate may garner some significant results; however, the scope of a study like 

that would not reflect invasive plant species broadly. Comparing specific genes found in invasive 

vs. non-invasive plant species will likely reveal specific candidate genes or gene-gene 

interactions that may contribute to invasiveness. If we can identify these genes—or any other 

aspect of plant genomes—that contribute to a plant’s invasiveness, we may eventually be able to 

alter these characteristics to prevent invasive plant species from successfully establishing 

themselves in the ecosystems they harm. My project is an initial step towards that outcome. 
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Methods 

I gathered genomic data from online open-source 

genome repositories and research papers for 15 non-

invasive plant species and 19 invasive plant species, 

spanning 13 families (Table 1). I created a dataset of nine 

characteristics for plant species and analyzed five of 

these genome-specific characteristics for which there was 

complete data—the size of the genome, number of 

chromosomes, number of coding genes, percent of 

transposable elements (TE) in the genome, and percent of 

repetitive elements (RE) in the genome. I performed T-

tests to test my hypothesis that these characteristics 

would be significantly different for invasive and non-

invasive plant species.  

Species Selection 

In short, I built my sample of plant species by determining what species were invasive or 

non-invasive and had accessible genome assemblies. I used the standard definition for invasive 

species: a non-native species that is able to thrive and reproduce in areas they are introduced to, 

altering natural processes and killing the native wildlife at rates that are difficult to manage 

(Zhang et al., 2021). I predominantly identified plant species by referencing lists of species 

within various plant families and by searching state listings of invasive plant species. Once I 

found a species, I checked to see if I could access its genome assembly; if a genome assembly 

was available, I then reviewed the literature and cited papers that confirmed the species was 

invasive or non-invasive (Table 2). I excluded species that lacked sufficient research that clearly 

categorized them as invasive or non-invasive. 

Building a large enough sample was challenging because primary literature that clearly 

categorizes plant species as invasive or non-invasive was difficult to obtain for many species—

even when species were listed as invasive in certain locations—and the lack of clarity was partly 

caused by inconsistent definitions of invasive plant species, with some calling any weedy or non-

native plant species invasive. Despite this challenge, I obtained a satisfactory sample size (Table 

1). Once I had selected 19 invasive plant species from various families, I focused on matching 

that number for non-invasive species within those families. Ultimately, I managed to find 15 
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non-invasive plant species. The large sample size made for a stronger statistical analysis, and 

finding species from various families helped me account for any genomic similarities that 

species from the same families may possess. 

Data Sourcing 

 My goal in the beginning was to derive my data solely from plant genome databases. I 

made a Google search to identify open-source genome databases that contain large numbers of 

genome assemblies for various plant species. Many databases were ruled out because the type of 

data they contained (e.g., c-values) is irrelevant to this study, and others were ruled out because 

they contained a limited number of plant species and/or data. My final selection of databases 

included Ensembl Plants (https://plants.ensembl.org/index.html) and Brassica.info 

(http://www.brassica.info/genome/genomes.html). However, these databases ultimately 

contained too few plant species—especially invasive plant species—and I expanded my sourcing 

to published nuclear genome assemblies (Table 2). To accomplish this, I identified invasive and 

non-invasive plant species and searched for their genome assemblies. For example, to find a 

genome assembly for the invasive species Lonicera japonica, I Googled “Lonicera japonica 

genome assembly” and found a published paper containing the statistics for the species’ 

assembled nuclear genome. I excluded any species that only possessed chloroplast or 

transcriptome assemblies, and I included chromosome-level genome assemblies when available. 

Dataset: Characteristics and Data Collection 

 The initial goal of my study was to compare the genomes of invasive vs. non-invasive 

plant species to identify some candidate genes that may contribute to a plant’s invasiveness. I 

intended to use genome databases to identify these potential candidate genes. However, the 

complexity of such a task paired with the amount of time I had to work on this project led me to 

revisit my research goal. 

 After some troubleshooting and experimenting with different methods and research 

questions, I decided to study how certain characteristics of plant genomes present in invasive vs. 

non-invasive plant species. I noted what statistics were available throughout the genome 

assemblies, then recorded data for nine characteristics of plant species (including native 

geographical distribution, non-native geographical distribution, number of non-coding genes, 

number of gene transcripts, genome size, number of coding genes, number of chromosomes, 

percent of TE in genomes, and percent of RE in genomes) and analyzed the last five 
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characteristics because they specifically relate to species’ genomes. I chose these five 

characteristics because they were recorded for most genome assemblies within my sample and 

because they impact growth, reproduction, and trait expression (Comai, 2005; Muñoz-López & 

García-Pérez, 2010; Suda et al., 2014). For example, genome size greatly impacts growth, 

reproductive success, and dispersal, and some researchers hypothesize that smaller genomes 

result in more trait states than larger genomes, which can also impact a plant’s ability to succeed 

in various environments (Suda et al. 2014). Thus, genome size may impact a plant’s ability to 

become invasive in their non-native habitats. 

 I pulled the data for these characteristics from the genome assemblies I gathered for each 

species and reported the numbers in an Excel datatable (Table 3). Locating this data in the text 

was challenging for several species because some studies either excluded the statistics for some 

characteristics or reported vague numbers. For example, one paper included the number of genes 

found in the genome, but it was unclear if those were protein-coding genes specifically (Kesel et 

al., 2022). Another paper used transposable and repetitive elements interchangeably (Rajewski et 

al., 2021). When I couldn’t verify that the numbers corresponded to the specific characteristics I 

studied, I excluded the numbers from the dataset. I was still able to include about 15 samples per 

characteristic for both invasive and non-invasive plant species. 

 Once I had obtained a complete dataset, I performed two-sample T-tests in Excel for each 

characteristic and recorded the mean, standard deviation, and p-values. Then, I tried out multiple 

plots to determine what would best represent my results, including bar charts, histograms, and 

box-and-whisker plots. Ultimately, I made five box-and-whisker plots for the data. 
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Results 

 I obtained enough data to analyze five characteristics of plant genomes. The other 

characteristics remained in the original dataset, but there wasn’t enough data to include them in 

my statistical analyses. The dataset for the main five characteristics is shown below (Table 3). 

Genome size was collected for 14 non-invasive plant species and 18 invasive plant species. The 

percent of TE within genomes was collected for 15 non-invasive plant species and 14 invasive 

plant species. The percent of RE within genomes was collected for 13 non-invasive plant species 

and 15 invasive plant species. The number of coding genes was collected for 15 non-invasive 

plant species and 18 invasive plant species. Lastly, the number of chromosomes was collected 

for 13 non-invasive plant species and 13 invasive plant species. 
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 The T-tests revealed that this data was insignificant. The p-values were high for all five 

characteristics, ranging from 0.2855 for genome size to 0.8514 for the percent of TE within 

genomes (Figure 1). Genome size, while having the lowest p-value, also had an outlier in its 

data. This may be due to faulty data recording or the paper reporting its statistics differently. 

Even without an outlier, the data indicates the results would be insignificant for each 

characteristic. Ultimately, I failed to reject the null hypothesis. 

 

Discussion/Reflection 

 None of the five characteristics that were studied—genome size, the percent of the 

genomes consisting of transposable elements (TE), the percent of the genomes consisting of 

repetitive elements (RE), the number of protein-coding genes, and the number of 

chromosomes—was statistically different for invasive vs. non-invasive plant species. These 

results indicate that these particular aspects of plant genomes may not impact the potential for a 

plant to be invasive in their non-native habitats. 

Thus, what aspects of plant genomes impact the invasive potential of plants remains 

unknown. There were some challenges with this study, particularly with obtaining a large 

enough sample of invasive and non-invasive plant species and with obtaining enough data for all 

species. There are inconsistencies in how people define invasive species, with some using the 

standard definition and some incorrectly calling any non-native or weedy plant invasive. Some 

plants are listed on state websites as invasive but lack supporting research, and we can’t truly 

know that a plant is truly non-invasive or if it simply hasn’t been introduced into other 

ecosystems it can invade. These factors limited the number of species that were able to be 

included in the study, and it is possible that this may have impacted the results. Regarding the 

data itself, some papers reported the data from their genome assemblies in an inconsistent 

manner (e.g., some papers excluded the percentage of transposable elements, and some used 
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terms like transposable elements and repetitive elements interchangeably). To avoid testing 

inaccurate data, unclear numbers and definitions were excluded from the dataset, which led to 

smaller sample sizes when testing certain variables. Repeating this study with a larger sample 

may yield different results, although it is likely that these variables are indeed the same for both 

invasive and non-invasive plant species, and the answer to this research question may be more 

specific. 

There are many paths to explore regarding the genetic variables that impact plants’ 

invasive potential, but some will be more limited in what can be concluded about invasive plant 

species more broadly. Comparing the genes found in invasive vs. non-invasive plant species may 

reveal specific candidate genes or gene-gene interactions that might contribute to invasiveness. 

Studying this is the natural progression to this current study because the focus remains on 

invasive plant species, and a study of this nature could provide further knowledge that can be 

applied in conservation efforts. For example, if we can identify these genes or gene-gene 

interactions—or any other aspect of plant genomes—that contribute to a plant’s invasiveness, we 

may eventually discover a way to (safely and ethically) alter the genomes of invasive plants to 

prevent them from harming ecosystems they invade. 
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