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- What are the current levels of plant biodiversity in Montana?

- How can NGS workflows be optimized for plant families with high
levels of secondary compounds to maximize yields for analysis of
biodiversity?

Abstract

Biodiversity can be explored in a variety of ways, from species richness to
phylogenetic diversity. This project aims to investigate the plant biodiversity
of Montana through analyses of species diversity (floristic collections) and
phylogenetic diversity (next-generation sequencing [NGS]). Plants are well
known for their secondary metabolites that interfere with downstream
applications, such as DNA extraction and sequencing. To investigate
phylogenetic diversity, optimized protocols for DNA extraction,
fragmentation, and size selection need to be developed first. By optimizing
extraction protocols, uniqgue plant family characteristics will minimally affect
yields and save time spent troubleshooting downstream applications. Plant
specimens collected from Dover Memorial Park over the 2022 growing
season were used to optimize a NGS workflow. This study found additional
fragmentation of genomic DNA was unnecessary and automated size
selection was sufficient to select the optimum fragment size range.

Premise

Global biodiversity is under threat due to the byproducts of human activity
(urbanization/climate change) prompting calls for better understanding of
current levels of biodiversity. Montana’s plant biodiversity is poorly
represented, and the overarching goal of this study is to document the
floristic diversity of Montana (Fig. 1-3). Next-generation sequencing (NGS)
offers high-throughput approaches to generate genomic data for studying
phylogenetic diversity, but upstream steps often need optimization. DNA
extraction and fragmentation/size selection are critical for NGS applications
(Fig. 4). Protocols can be modified to provide higher quality yields, but have
only been done for a few families (Snirc et al., 2010). Many NGS platforms
require DNA fragmentation to generate DNA fragments of a specific size
range for sequencing and must be optimized for the desired size range.
This study presents the optimization of DNA extraction and size selection
for downstream sequencing with the Oxford Nanopore Technologies (ONT)
platform.

Figure 1: Heat maps showing the
- m sampling intensity of embryophytes based
on herbarium records. A) Continental US
with Montana’s approximate boundaries
(black box). B) Montana with Billings
approximate boundaries (black box). C)
The city of Billings with the approximate
boundaries Dover Island (black box). D)
Approximate boundaries for Dover Island
(black box) (left).
Figure 2 and 3: Images of collection areas
at Dover Memorial Park in Billings,
Montana (below).

Methods

Sampling — Voucher samples were collected from Dover Memorial Park (Figs. 2-3),
Billings, MT during 2022 and additional tissue was preserved in silica gel for DNA
extraction.

DNA extraction — DNA extraction was performed using the DNeasy Plant Pro kit
(Qiagen, Germantown, Maryland, USA) which was previously shown to provide better
results (Kersh, 2022). The manufacturer’s protocol was used with the following
modifications: 50 uL of PS solution and final elution in 50 yL of EB. DNA
concentrations were quantified (Nanodrop) and gel electrophoresis was used to verify
yield and quality (Fig. 5A).

Enzymatic fragmentation — A time series was used to determine the optimal incubation
time to yield fragments within the 6 to 10kb range. NEBNext dsDNA fragmentase
(New England BiolLabs Inc., Ipswich, Massachusetts, USA) was used for
fragmentation and the manufacturer’s protocol was followed with variations in
incubation time (3, 4, and 5 minutes) (Gautreau, 2016). Gel electrophoresis (Fig. 5B)
and ONT sequencing were used to assess fragmentation (Fig. 6).

Size selection — The BluePippin (Sage Science Inc., Beverly, Massachusetts, USA)
was to perform automated size selection of DNA fragments between 6 and 10kb.
NGS Sequencing — To verify DNA fragment size distribution and effects of enzymatic
fragmentation the Oxford Nanopore Technologies NGS platform (New York, New York,
USA) was used. Library preparation and sequencing was performed with Minlon
Mk1C with the Flongle adapter and flow cells (version R9.4.1) following the
manufacturer’s protocols. Six runs were completed using samples that were high
molecular weight, naturally fragmented and enzymatically fragmented (Fig. 6).
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Figure 4: Workflow depicting the methods being optimized for long-term studies
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Figure 5: Electrophoresis gels. A) Gel showing the variation in quality of DNA "0 113 208 863 488 613 735 863 988 1113 1238 1363 1488 1613

samples from Dover Park (below left). B) Gel showing results from the enzymatic Read length (k)
fragmentation time series (below right). -

Figure 6: A) Output from ONT sequencing depicting fragment size distribution for
an intact sample using long fragment buffer. B) Output from ONT sequencing
depicting fragment size distribution for an enzymatically fragmented sample. C)
Output from ONT sequencing depicting fragment size distribution for a naturally
fragmented sample (right).
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Discussion

DNA extraction — Previous research (Kersh, 2022)
determined that the DNeasy Plant Pro kit was the most
suitable extraction kit, but further modifications were needed
for taxonomically varied species collected from Dover
Memorial Park. DNA extraction protocols were modified to
increase DNA yield for certain species with high levels of
secondary compounds or dense trichomes (PS solution and
tissue selection). The optional PS solution was determined
to be necessary, especially for samples with high phenolics
(e.g., Cactaceae and Lamiaceae). DNA concentrations
varied across the samples while using modified protocols,
but overall were more effective in producing consistently
high yields, average for all samples 53.51ng/uL (Table 1).
Enzymatic fragmentation and size selection — The enzymatic
fragmentation time series showed that the best time for
yielding fragments between 6 and 10 kb was 4 minutes (Fig.
5B). However, DNA fragmentation was deemed to be
unnecessary as the DNA extraction process naturally shears
the DNA (Fig 5A). There was adequate shearing (Figs. 6-8)
that automated size selection was sufficient for isolating
DNA fragments of the desired size range (6-10kb, data not
shown).

Conclusion

This study provides a basis for future studies to effectively
extract DNA and determine phylogenies in Dover Memorial
Park. Optimization of DNA extraction and size selection
protocols will continue. Future studies will leverage the
methods described here to produce genomic data for Dover
Memorial Park and other Montana plant communities. This
genomic data will be combined with species inventories to
assess plant biodiversity in Montana.
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