Plant identification

Lake DNA

using DNA “barcodes”

Overview

rganismal diversity, often measured

as the number of biological species

present in a habitat, is a primary
concern for lake managers. High-quality,
pristine habitats often have an abundance
of native species, whereas non-native
species, particularly invasive species, can
be cause for concern. In many cases,
closely related native and non-native
species can be challenging to tell apart,
even for experts. Aquatic plants are
particularly notorious for being difficult
to identify, because they often have
simplified morphology, because
specimens may lack reproductive
structures like flowers or fruits, and
because many species have the potential
to hybridize and produce morphologically
intermediate plants. Fortunately, there are
methods besides morphological features
that can be employed to identify plants.

One strategy is to use “molecular”

data, typically DNA sequences, to
identify plant specimens. DNA consists
of nucleotides (A/ C/ G /T), and the two
strands of DNA make complementary
“base pairs”(A with T and C with G)
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(Figure 1). The full set of nucleotide
sequences for an organism comprise its
genetic code (or “genome”), basically the
instructions for how to build and maintain
it. In a string of just 20 nucleotides there
are over one trillion ways to arrange the
nucleotide letters, so it’s effectively
impossible for two species to have
entirely identical DNA sequences.
(However, closely related individuals can
have very similar DNA, because they
inherited the same genetic code from a
recent shared ancestor.) Over the past 50
years, there have been myriad efforts to
document the diversity of life by
sequencing DNA, sometimes one gene at
a time, and sometimes an entire genome
(i.e., all the DNA that exists in the
organism).

“Identifying” an organism by its
DNA sequence amounts to matching a
sequence from the unknown organism
against a database of known sequences
(Figure 2). DNA sequences that have
been reported in scientific publications
reside on a public database called

GenBank (https://www.ncbi.nlm.nih.gov/
genbank/). If there are enough sequences
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published online to make an effective
comparison, then new DNA sequences
can be matched to those. However, if
reference sequences are lacking, new
sequences must be generated before an
effective comparison can be made.
Ultimately, DNA sequences are only
reliable if the source material was
correctly identified and if the molecular
lab work was done carefully.
Occasionally there are errors in the
system, but these occur very rarely; a
recent study found only about 50
misidentified sequences out of around
5,000 that were being evaluated (Tippery
2026).

There have been various efforts to
decide on a consensus set of DNA
regions that can be used across plants as a
“universal barcode”. When researchers
publish data for the same DNA region
across many species, then that region can
be sequenced in unknown plants,
regardless of which group of plants they
belong to. Among the most commonly
available and frequently used “barcodes”
are several chloroplast regions, including
the matK and ndhF genes. DNA from the
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Figure 1. Portion of an alignment of DNA sequences from the internal transcribed spacer (ITS) region for species of pondweed
(Potamogeton). One such alignment often consists of 500-2,000 nucleotides (A/ C/ G/ T). (This alignment shows one letter “K, "which
means that position could be G or T, indicating some uncertainty or variation.) At most of the positions (i.e., columns), the letters are the
same, and this gives a measure of confidence that the same DNA region is being compared across all species. Positions with nucleotide
differences are useful for identifying specimens and also for research endeavors like constructing phylogenetic trees. Sometimes DNA
sequences have insertions or deletions when compared across species, and these appear as gaps in the alignment (i.e., the positions that
have no letters). This alignment was visualized using the program Mesquite (https.//www.mesquiteproject.org/).
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Potamogeton praelongus MT796501
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—— Potamogeton lucens HQ167658
Potamogeton gramineus EF174585

Figure 2. A portion of a phylogenetic tree, showing relationships among species of
Potamogeton. This phylogeny was constructed using DNA sequences from the ITS region.
After each species name is an alphanumeric code (e.g., “FJ151212") that represents a
sequence in GenBank. The boldface label “Pota06” indicates a plant sample that is being
identified, and in this case Pota06 is an identical match to P. confervoides KF270906. The
phylogenetic tree helps to depict how similar any two species are. Horizontal lines or
“branches” have lengths that are proportional to the number of DNA sequence

chloroplast has two main advantages for
barcoding: firstly, there are multiple
chloroplasts per cell, thus the DNA can be
obtained at a higher frequency from DNA
extractions, and secondly, chloroplasts are
inherited as one unit, usually from the
female parent, thus individual plants
usually have only one kind of sequence
for a given chloroplast gene. The
chloroplast genome is relatively small, at
about 150,000 base pairs and 130 genes in
most plants (Daniell et al. 2016). DNA
from the nucleus, by comparison, is far
more expansive and diverse, comprising
125 million base pairs and 25,000 genes
in the well-studied model plant
Arabidopsis thaliana (Arabidopsis
Genome Initiative 2000). (Plants also
have DNA in their mitochondria,
consisting of about 367,000 base pairs and
57 genes, but this DNA has proven to be
less useful than chloroplast DNA and is
rarely sequenced.)

DNA in the nucleus is far more
diverse and expansive than chloroplast
DNA. One popular nuclear DNA region
used in molecular studies is the internal
transcribed spacer (ITS), which is fairly
reliable to sequence and provides a rich
amount of data across species. Nuclear
DNA generally exists as two copies per
gene (i.e., “alleles”), and plants can have
multiple copies of gene regions if they are
“polyploid” (i.e., having 2x, 4%, or more
copies of the normal amount of

chromosomes). Having multiple gene
copies to work with can be helpful for
some research endeavors like
phylogenetics, but the multiple copies can
introduce complications when it comes to
simple plant identification. However,
nuclear DNA has one major advantage
over chloroplast DNA for plant
identification, namely that it can be used
to identify hybrids. Hybrids are the result
of mating between genetically dissimilar
individuals, and the term “hybrid” is often
used to describe combinations between
two biological species. At the level of
DNA, hybrids typically retain one version
of a nuclear gene from each parental
species. Several noteworthy invasive
plants are hybrids, such as the hybrid
between Eurasian watermilfoil and
northern watermilfoil (Myriophyllum
spicatum x M. sibiricum; Moody and Les
2002), and their hybrid origin may allow
them to evade detection, adapt in new
ways to compete against native species, or
escape control efforts like herbicides
(Ellstrand and Schierenbeck 2000).
Aquatic managers are keen to know when
hybrids are present in their lakes, because
they might require different control
approaches or additional vigilance.

Examples from aquatic plants

Plant identification using DNA
barcodes has opened up new avenues for
understanding aquatic plant diversity.

Several important discoveries have relied
upon DNA sequencing, and additional
insights are gained every year. Hybrid
invasives have been identified in
watermilfoil (Myriophyllum; Moody and
Les 2002), floating heart (Nymphoides;
Harms et al. 2021), Phragmites
(Meyerson et al. 2010), and other
terrestrial and aquatic plant genera. Some
newly arrived aquatic plants in North
America have been confirmed using DNA
evidence, including Potamogeton wrightii
(Tippery and Warman 2024), Utricularia
tenuicaulis and U. % neglecta (Tippery et
al. 2024b), and a distinct subspecies of
hydrilla (Hydrilla verticillata subsp.
lithuanica; Tippery et al. 2020; Tippery
2023). A study of DNA sequences in
naiads (Najas) led to the identification of
a previously overlooked species, N.
canadensis, that is minimally different
from the related N. flexilis (Les et al.
2015).

Ongoing efforts to catalog and
produce reference DNA sequences for
plants in North America have enabled a
more thorough understanding of some
groups. Studies of bladderworts
(Utricularia; Tippery et al. 2024b),
waterhyssop (Bacopa; Tippery et al.
2024a), marsh-pennywort (Hydrocotyle;
Tippery et al. 2026), and others have filled
gaps in the available sequence data and
enabled all North American species in the
respective groups to be identified with
barcodes. In addition to targeting specific
taxonomic groups, an alternative approach
is to barcode all species in a particular
geographic region, and such efforts have
been fruitful in Canada (Kuzmina et al.
2017) and Wisconsin (Spalink et al.
2018). It is increasingly feasible to build a
global database of DNA sequences for all
plant species (Zeng et al. 2018; Brewer et
al. 2019), and such efforts may be
complete in the next decade.

New technologies that enable DNA-
based plant identification are enticing and
show great promise, but it remains
important to stay grounded in traditional
taxonomy and morphological plant
identification techniques. Plant
identifications are only meaningful if we
understand them in the context of the
biology and ecology of the species
involved.
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