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Abstract

An important route of introduction of some nonnative species that subsequently become
invasive in the United States is through horticulture. One such plant is Euonymus fortunei
(Turcz.) Hand.-Maz., commonly known as wintercreeper, an evergreen groundcover withmore
than 52 different horticultural varieties, which is still sold at many plant nurseries and garden
centers in the midwestern United States. Although several states have recognized E. fortunei as
an invasive species, it is unknown how its escape from cultivation has occurred and even the
identity of spreading populations, including whether hybrids or cultivars are involved. Using
codominant microsatellite markers, we sampled multiple invasive populations in Ohio,
Kentucky, Kansas, and Minnesota and compared their genotypes with commercially available
cultivars to determine how spread has occurred. All samples collected from invasive
populations were genetically identical to one another andmatched perfectly with the ‘Coloratus’
cultivar, the only cultivar to exhibit polyploidy. The data also suggest that E. fortunei may
potentially reproduce via apomixis and/or clonally through propagule fragments, which can
quickly fix favorable genotypes within a population. To curb continued invasive spread, we
suggest that Coloratus be removed from commercial sale and distribution.We also propose that
land managers, horticultural and landscaping businesses, and governmental agencies carefully
monitor other Euonymus cultivars for invasive potential and spread.

Introduction

Invasive species reduce native biodiversity as well as threaten and endanger native species in the
areas that they invade (Rozenberg 2017; Spatz et al. 2017; Walsh et al. 2016). Along with the
ecological effects of biological invasions comes a substantial monetary cost, upward of $160
billion annually as of 2017 (Diagne et al. 2021). The difficulty in controlling invasive species
comes frommany factors that influence their rate of spread, such as themethod of seed dispersal
(especially bird or wind) and the invasibility of the habitats that are colonized (Alpert et al.
2000). Because no two invasive species are introduced or spread in the same exact way, creating a
management plan to reduce the spread of a particular invasive species should take all aspects
into account. This includes the history of the organism, country of origin, method of
introduction, commercial uses (if any), mating and breeding systems, fecundity, and patterns or
rate of spread (Bauer and Reynolds 2016; Courtois et al. 2018).

One route of introduction of nonnative species that may later become invasive in the United
States is through horticulture, specifically through use in landscaping (Culley and Feldman
2023; Reichard andWhite 2001). Traits that make a species valuable as an ornamental may also
aid in its spread and establishment into natural areas if it escapes cultivation (Lloret et al. 2005).
For example, many gardeners desire plants that are hardy, resistant to disease and pests, grow
well with minimal upkeep, and have good form and/or attractive flowers. A category of
ornamental plants that are relatively overlooked as sources of invasion are evergreen
groundcovers, a popular group of plants often installed by landscaping companies (Dirr 2011).
Some of these groundcovers are nonnative lianas, or vines that undergo secondary growth, and
are desired because of their attractive foliage. If regularly maintained, these plants will only
spread vegetatively on the ground within a locally defined area and are not usually recognized as
a problem plant. However, these plants can sometimes escape cultivation and spread through
two ways. First, in gardens and landscaped areas that may go unattended, these plants can
vegetatively establish themselves in a nearby forest understory (Gordon 1998). In the second
method of spread, these same vines expand across the forest floor until they encounter a light
gap (Gordon 1998). Under increased light levels, these lianas may find a vertical hold to climb,
usually through adhesive, adventitious roots, before reaching their mature form; only then do
they start to produce flowers and fruits (Conover et al. 2016; Leicht-Young 2014). The seed can
then be dispersed to new areas via birds, further expanding the spread of the species.
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Some of the most popular groundcovers sold by big box stores,
plant nurseries, or otherwise installed by landscapers in the
midwestern United States are English ivy (Hedera helix L.), lesser
periwinkle (Vinca minor L.), and wintercreeper [Euonymus
fortunei (Turcz.) Hand.-Maz., also known as climbing euonymus]
(Dirr 2011; Okerman 2000). In the eastern United States, there are
more than 20 states where E. fortunei has reportedly escaped
(EDDMapS 2022; Remaley 2005; Schwegman 1996). Although
states such as Indiana (IDNR 2022) and Maine (MDACF 2022)
have banned the commercial sale or import of E. fortunei, there
have been relatively few legislative efforts regarding the intro-
duction or sale of this species elsewhere—largely due to its
economic importance and unique characteristics for the trade as an
effective groundcover.

A member of the Celastraceae (spindle-tree family), E. fortunei
is native to China, Korea, and northern Japan (Rounsaville 2017).
Dirr (1998) described three different species varieties and 52
cultivars that vary largely in terms of leaf morphology and size
(including variegation). But since then, 105 cultivars and varieties
have been listed by the National Gardening Association (2023),
including White Album® and ‘Wolong Ghost’. The species itself is
naturally phenotypically plastic, easily cloned via cuttings, and
amendable to mutation, creating natural mutated ramets
(“sports”) that can be readily developed as new cultivars (Graves
1940). For example, White Album® is a sport of ‘Emerald Gaiety’,
which itself was selected as a mutant from ‘Emerald Pride’. Some
cultivars are also developed from morphologically similar taxa
(spreading euonymus Euonymus kiautschovicus (Turcz.) Hand.-
Maz. and evergreen spindle Euonymus japonicus Thunb.) but sold
together with E. fortunei as “wintercreeper,” so gardeners often
assume they are the same species. Euonymus fortunei is highly
desirable as an ornamental groundcover, in part because it has a
rapid growth rate, is evergreen throughout winter, and persists in a
variety of different habitats where other species may be reluctant to
grow. For example, E. fortunei prefers moist, loamy soils derived
from limestone bedrock, but is tolerant of a wide range of soil,
water, and light conditions (Nordman 2004). It is hardy in colder
climates and grows easily from cuttings (Weeks and Weeks 2012).

Euonymus fortunei also exhibits broad morphological plasticity
(Graves 1940). The plant has oppositely branched evergreen leaves,
which are ovate-ellipticwith finely toothedmargins, but leaf shape can
vary greatly depending on environmental conditions and resource
availability (Dirr 1998; Figure 1A). In its juvenile stage, E. fortunei is
procumbent, forming dense groundcovermats, which in natural areas
can deplete soil moisture and nutrients, creating a positive soil
feedback loop and altering soil chemistry and microbiota (Smith and
Reynolds 2015). Oncemats form, they prevent sunlight from reaching
the forest floor and reduce the germination of native herbaceous and
woody species (Bauer andReynolds 2016). The chamaephytic juvenile
transitions to the phanerophytic adult form after the liana attaches
itself to a vertical structural host, usually a tree, where it can ultimately
reach a height ofmore than 20m (Dirr 1998;Weeks andWeeks 2012;
Figure 2D–F). Being able to quickly grow to this height, it can overtop
trees, preventing their photosynthesis and eventually leading to the
death of the trees (Weeks and Weeks 2012).

Once the phanerophytic form of the plant reaches a stem
diameter of ~1 cm, it can produce clusters of flowers (Zouhar 2009).
Flowering begins in late June/early July and consists of clusters of
axillary compound cymes with abundant flowers. The flowers are
6.5 mm in diameter, perfect, 4-merous, greenish white (Dirr 1998;
Figure 1B and 1C). These flowers produce capsules that start as pale
green but turn a pinkish white after ripening in late October and
early November (Figure 2A and 2B). The capsule dehisces to reveal
between one and four seeds covered in an orange aril (Figure 2C).
Seeds are facultatively dormant, being able to germinate with or
without cold stratification, and can have a germination rate of up to
98% (Dirr 1998; Rounsaville et al. 2018). The plant is also able to
reproduce vegetatively through fragment propagules that are broken
off during high winds or storms. These clonal propagules can wash
away to colonize a site away from the maternal individual, possibly
rooting in the place they come to rest (Merritt et al. 2010).

Euonymus fortunei had been reported as “escaped” in Ohio as
early as 1961 (Braun 1961), but it did not become a regional
problem until sometime in the 1980s (Liang 2010). Recent studies
of E. fortunei have focused on the ‘Coloratus’ cultivar, which was
once one of the most common varieties sold at garden centers and

Management Implications

Euonymus fortunei (wintercreeper) is an invasive vine in many
areas of the Midwest, often forming thick mats that spread
vegetatively from residential areas into adjoining natural areas,
where the plants can smother natural vegetation. Euonymus fortunei
may also appear in the middle of forested areas, originating from
seeds carried by birds that eat fruit produced by flowering vines
under high light (usually after climbing up trees). Control of the
species as a groundcover is often difficult and time-intensive, as the
vines intertwine and can root repeatedly along their extent.
Despite its invasive behavior, E. fortunei is still a popular and

economically important ornamental plant used in landscaping as a
groundcover. The vine is still commonly found in a variety of
commercial plant nurseries and big box stores throughout the United
States. To reduce the continued spread of E. fortunei in the United
States, it is important to curtail the commercial distribution of any
genotype(s) escaping into natural areas. This information is currently
unknown. Are escapees the straight species itself that was initially
introduced, an artificially selected cultivar of E. fortunei or other
Euonymus species, a hybrid between cultivars, or perhaps a hybrid
between the E. fortunei species and another invasive Euonymus
species such as winged burning bush (Euonymus alatus (Thunb.)
Siebold)? The answer to this question informs not only land
managers trying to control this species on their properties but also
state regulators who need to know what taxon should be included on
regulatory invasive plant lists. Currently, some state-based regu-
lations ban the sale of all cultivars of a species assessed as invasive,
even if some economically important cultivars are shown to be sterile.
This makes it very challenging to list any species with ornamental or
horticultural use because of projected economic market losses to the
nursery industry. This results in many species not being included at
all on state regulatory lists. An alternate approach is to list those
genotypes or cultivars shown to be invasive, which will ensure that
any problematic genotypes are much more quickly removed from
commercial production. In the case of E. fortunei, this information
would also allow the nursery industry to stop production of
problematic genotype(s), focusing its efforts instead on alternative
groundcovers that do not exhibit invasive behavior. These alternative
groundcovers could include nonspreading Euonymus cultivars or,
ideally, native species with similar characteristics, such as wild ginger
(Asarum canadense L.). Taken together, the knowledge of what
genotype or genotypes are actually invasive is extremely helpful in
limiting the further spread of E. fortunei in the United States.
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nurseries (Mattingly 2016; Rounsaville 2017; Tanner et al. 2017).
This cultivar is noted for its distinct purple-colored foliage and
rapid growth; it also most closely resembles the morphology and
purple/reddish coloration of Euonymus that has invaded wooded
areas (Rounsaville 2017; Sink et al. 2000).

The goal of this study was to identify the origin of invasive
populations of E. fortunei to better understand the spread of this
species and provide information for potential commercial
regulation of the species. To do so, we compared genetic samples
taken from invasive populations across several states with genetic
samples from cultivated varieties (cultivars) of E. fortunei available
at local nurseries. We also aimed to determine whether there was
any hybridization occurring among cultivars or with a closely
related invasive species, winged burning bush [Euonymus alatus
(Thunb.) Siebold].

Materials and Methods

A sample size of 259 individuals of cultivated E. fortunei and
E. japonicus, E. alatus, and E. kiautschovicus were taken from local
plant nurseries and big box stores in Cincinnati, OH, or residential
and university landscaping, and from invasive individuals growing
in local parks and preserves. The latter included Avon Woods,
Burnet Woods, California Woods, LaBoiteaux Woods, Mt Airy
Forest, Rawson Woods, a residential area (Clifton), as well as
Spring Grove Cemetery and Arboretum, all of which are in the
Cincinnati, OH, greater metropolitan area (Figure 3). Branches or
leaf samples were also collected from Devou Park and Boone
County in northern Kentucky; additional samples were collected
from the downtown area of Rochester, MN. Two samples were also
collected by Denis Conover from Fort Hill in Highland County,
OH, and 20 samples were obtained from Mead Island, KS, sent by
James Beck of Wichita State University (Table 1). A sample of a
herbarium specimen collected in 1978 from E. fortunei’s native
range in northern Japan was obtained from Miami University
(MU), Miami, OH.

From each small branch cutting, approximately 150 mg of leaf
tissue was removed from the area of newest growth and
subsequently extracted or frozen at −20 C until extraction. All
the remaining tissue collected in the field was pressed and prepared
for deposition to the Margaret H. Fulford Herbarium at the
University of Cincinnati (CINC), with vouchers representing each
population (Elam0010 to Elam0018).

DNA was extracted from plant tissue using a modified version
of the CTAB method (Doyle and Doyle 1987). DNA was then
amplified through PCR and genotyped at eight different micro-
satellite loci (Table 2) using markers obtained from Mori et al.
(2017), combined in a multiplexed reaction. Each multiplex PCR
reaction consisted of 10 μl reaction volumes as follows: 5 μl of
GoTaq Master Mix (Promega, Madison, WI), 1 μl of Primer Mix
(consisting of 2 μM reverse primer and 2 μM forward fluorescently
labeled primer for each marker), 3.8 μl of H2O, and 0.4 μl of DNA.
Samples were then amplified on an Applied Biosystems
SimpliAmp thermal cycler (Applied Biosystems, Fortune City,
CA) with the following conditions: initial denaturation of 95 C for
15 min, followed by 35 cycles each of 94 C for 30 s, 57 C for 90 s,
and 72 C for 60 s; with a final extension of 60 C for 30 min. PCR
products were then sent to Cornell University’s Life Sciences Core
Laboratory Center (Ithaca, NY) for fragment analysis on a 3730 × l
DNA Analyzer (Applied Biosystems) using a LIZ 500 internal size

Figure 1. Morphology of Euonymus fortunei showing (A) variation in leaf shape and
size, (B) clusters of flowers on a mature E. fortunei, and (C) close-up of E. fortunei
flower.

Figure 2. Fruit development and growth of Euonymus fortunei. Shown are (A) newly
formed, pale green fruits; (B) ripening fruits, turning a pinkish white; (C) capsules
dehiscing, exposing the bright red arils covering the seeds; (D) chamaephytic juvenile
of E. fortunei creating thick mats across a forest floor; (E) phanerophytic mature
E. fortunei growing up and overtopping trees; and (F) well-established phanerophyte
(10 × 16 cm field notebook for scale).
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standard. The resulting fragment analysis data were examined
using GeneMarker v. 1.85 (SoftGenetics, State College, PA) to
identify alleles. The data were analyzed using GenAlEx v. 6.503
(Peakall and Smouse 2012) to match across multilocus genotypes
and then using STRUCTURE v. 2.3.4 (Pritchard et al. 2000) to
genetically group the samples, using a model of no ADMIXTURE
and specified LOCPRIOR, and independent loci with 10,000 burn-
in iterations and 100,000 iterations for the test. K was run from 2 to
20 with 5 iterations at each K value (Evanno et al. 2005). A K= 20
was chosen, because although there were originally 27 populations
sampled, many cultivars were a genetic match to one another as
revealed by an initial multilocus match comparison in GenAlEx.

Results and Discussion

Comparison of the multilocus genotypes based on the eight
microsatellite loci confirmed that multiple individuals of the same
cultivar were genetically identical to one another, as expected,
because cultivars are propagated through cloning. Furthermore,
some cultivars were also genetically identical to one another (‘Gold
Spot’ and Silver Princess™—both E. japonicus) or nearly so with a
different allele at one to two loci (White Album® and Emerald
Gaiety—E. fortunei). In all other cases, cultivars were differentiated
from one another, exhibiting different multilocus genotypes, even
with the limited number of eight loci. As determined from the
microsatellite data, all Euonymus cultivars are diploid, with a
maximum of two alleles per locus, except for E. fortunei Coloratus
and E. alatus, which both appear to be a tetraploid with four alleles
for many of the loci (see Supplementary Material).

The multilocus genotypes of nearly all of the 195 samples from
invasive E. fortunei populations sampled across different states
were identical to one another and completely matched the
Coloratus tetraploid genotype. There were four invasive individ-
uals that exhibited allele dropout for one to two loci, but otherwise
matched to Coloratus (Figure 4). Two other individuals that did

not match Coloratus were provided to us from Kansas; upon
further inspection of the leaves, these were determined not to be
E. fortunei and were likely misidentified in the field. The
STRUCTURE analysis indicated that these two outlying samples
were the E. kiautschovicus cultivar ‘Manhattan’; these samples were
the last two collected at this site, and presumably may have been
planted. Interestingly, one sample collected in Fort Hill was not
tetraploid, matching instead to the Japanese herbarium sample,
and may be an escaped cultivar not yet sampled. A closer
examination of the sampled leaves confirmed their leaf shape was
different from that of Coloratus. Finally, all seven samples of
E. alatus were identical to one another with a tetraploid multilocus
genotype, and hybrids between E. fortunei and E. alatuswere never
detected in the sampled invasive populations.

The STRUCTURE analysis (Fig. 4) indicated that a K of 8 best
matched the data, using the highest model log likelihood (Evanno
et al. 2005). As with the GenAlEx analysis, all individuals within
each cultivar were genetically identical to one another, and several
cultivars of E. fortunei grouped together in this analysis. For
example, White Album®, Gold Splash®, Green Lane™, ‘Moon
Shadow’, Emerald Gaiety, and ‘Emerald & Gold’ formed one group
(although with some slight differences in multilocus genotypes; see
Supplementary Material); exceptions were ‘Kewensis’, Wolong
Ghost, and the tetraploid Coloratus. As the only dwarf E. fortunei
variety, Kewensis was introduced from Japan to Kew Gardens in
1893 (International Dendrology Society 2023), an origin that was
consistent with its genetic separation from other cultivars.
AlthoughWolongGhost appears to be of hybrid origin (potentially
of Japanese ancestry with Kewensis), it is a Chinese genotype
originally collected in the Wolong Nature Reserve in China
(Leighty, 2018). The grouping of many other E. fortunei cultivars is
consistent with their origins, according to U.S. patent records.
Gold Splash® is a sport of Emerald & Gold, which itself was derived
from ‘Emerald Cushion’, an older cultivar that also gave rise to
‘Sunspot’, which was used to developMoon Shadow and also likely

Figure 3. Collection sites of invasive Euonymus fortunei around the Greater Cincinnati area.

210 Elam and Culley: Identity of invasive E. fortunei

https://doi.org/10.1017/inp.2023.31 Published online by Cambridge University Press

https://doi.org/10.1017/inp.2023.31


had the same source as Emerald Gaiety, which gave rise to White
Album®. Green Lane™ is another cultivar that grouped together
with these others; although its parentage is unknown, the genetic
data here indicate it may also descend from the ‘Emerald’ group,
selected by Clifford Corliss in the 1950s in Massachusetts. In
E. japonicus, cultivars also tended to cluster together, albeit in two
groups: one group consisting of Gold Spot and Silver Princess™
and another group of ‘Chollipo’ and ‘Aueromarginatus’. One
sample from the Fort Hill population and the herbarium sample of
E. fortunei from Japan also grouped together. Finally, E. alatus was
distinct from all other samples, exhibiting tetraploidy with a
unique allele for marker ef05.

This genetic analysis indicates that the source of escaped and
invasive populations of E. fortunei in several different states is the
Coloratus cultivar, which is consistent with the reddish-purple
coloration often observed in invasive populations. Interestingly,
Graves (1940)mentioned that Coloratus was not known in the wild
at that time. A single genotype (cultivar) spreading so extensively,
at least within the locations sampled here, is relatively unusual,
although it has been seen in species like common reed (Phragmites
australis (Cav.) Trin. ex Steud.) (Saltonstall 2002). For E. fortunei,
spread of a single genotype could be due to several non–mutually
exclusive reasons. First, spread of Coloratus may simply reflect
propagule pressure, with the popularity of this ornamental
groundcover leading to increased chance of escape from
ornamental plantings into surrounding natural areas. Second,
Coloratus could be a general-purpose genotype that does well in a
variety of habitats. In this case, a clone with the largest breadth of
tolerance to environmental conditions and phenotypic plasticity
will be selected within natural areas, which over time could lead to
eventual fixation, as other less-adaptable genotypes do not survive

and persist (Parker 1979). Third, polyploidy (i.e., tetraploidy) in
Coloratus may provide a selective advantage by amplifying
adaptive traits, which can allow species potentially to expand to
new habitats (Levin 1983) and enhance phenotypic plasticity,
adaptability to new environments, and vigor (Schinkel et al. 2016).
In fact, traits such as larger, thicker leaves (Hannweg et al. 2016)
and increased flower production and color (Pyšek and Richardson
2007; Sajjad et al. 2013) may naturally occur in some species
because of polyploidy (Mo et al. 2020). Future investigations
should compare the morphology of Coloratus with that of other
Euonymus cultivars, especially given that polyploidy may be
selected for and even induced during horticultural development.

The genetic homogeneity found in the invasive samples of
E. fortunei is also suggestive of possible apomixis (Jank et al. 2011),
especially if populations are founded by a single apomictic
propagule (Vrijenhoek and Parker 2009). Apomixis can also be an
important driver in invasiveness of introduced plants (Kumar et al.
2019). In the introduced and invasive apomictic plant purple
pampas grass (Cortaderia jubata (Lem.) Stapf), Okada et al. (2009)
showed that the introduction of a single clonal genotype had a
significant founder effect, resulting in a single general-purpose
genotype adapted to the introduced environment. The possibility
of apomixis in E. fortunei is currently being examined in a
companion genetic study of parentage of E. fortunei seeds.

The invasion of E. fortunei into wooded areas is of concern for
many private landowners, land managers, and governmental
agencies (Bray et al. 2017). The removal and control of a well-
established invasive species can be prohibitively expensive (Jardine
and Sanchirico 2018), and many parks and private landowners
have neither the resources nor the workforce needed to manage a
large-scale infestation (Courtois et al. 2018). This limitation can

Table 1. List of species, cultivar or invasive population, and number of samples taken from each.

Species Cultivara Invasive population N

Euonymus fortunei White Album® (‘Alban’) — 5
‘Kewensis’ — 3
Gold Splash® (‘Roemertwo’) — 5
Green Lane™ (‘Grezam’) — 2
‘Moon Shadow’ — 3
‘Emerald Gaiety’ — 4
‘Wolong Ghost’ — 1
‘Emerald & Gold’ — 4
‘Coloratus’ — 12

Euonymus kiautschovicus ‘Manhattan’ — 3
Euonymus japonicus ‘Gold Spot’ (‘Auero-Variegata’b) — 6

Silver Princess™ (‘Moness’) — 4
‘Chollipo’ — 7
‘Aueromarginatus’b (‘Gold Edge’) — 6

Euonymus fortunei — Avon Woods, OH 23
— California Woods, OH 17
— Clifton area of Cincinnati, OH 19
— Boone County, KY 18
— Rawson Woods, OH 13
— Mt Airy, OH 21
— Spring Grove, OH 20
— DeVou Park, KY 20
— Rochester, MN 12
— Mead Island, KS 18
— LaBoiteaux, OH 14
— Japan (i.e., herbarium) 1
— Highland County, OH 2

Euonymus alatus ‘Compactus’ Clifton area of Cincinnati, OH 7

aIn cases where a cultivar is also known by a different trade name, both are provided.
bPlants with this name are commercially sold under the Latin female (-a) ormale (-us) format. The cultivar namemay also be separated by a hyphen or run entirely together. For example, ‘Auero-
Variegata’ is also sold as ‘Auerovariegatus’.
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lead to the unchecked growth of invasive plant populations, further
accelerating their spread and establishment into new areas. It is
especially imperative for land managers to work as diligently as
possible to prevent E. fortunei invasions, which have been
documented to alter biogeochemical cycles, reduce plant diversity
(Mattingly 2016), and impact land and vegetation (Bray et al. 2017;
Smith and Reynolds 2015).

Given the evidence provided here, we suggest that action be
taken to end the introduction and commercial sale of E. fortunei
Coloratus, especially in geographic locations in which the plant has
not yet spread. Plant nurseries, landscaping companies, big box
stores, and even online distributors that sell this cultivar are
exacerbating spread of this invasive species (Beaury et al. 2021).
State-based invasive plant regulation should also take immediate
note and include E. fortunei Coloratus on lists of regulated plant
species. As other cultivars are not yet evident in escaped
populations, it is possible that they do not have the invasive

ability of Coloratus nor can they currently persist in the forest
understory environments, at least not yet at the locations sampled
in this study. Further investigation should explore additional
locations and populations of E. fortunei to determine whether
other cultivars might also be contributing to invasive populations.
We suggest caution and thorough testing of any existing or new
Euonymus cultivars, especially those that might be polyploid in
origin. In this way, continued expansion of E. fortunei populations
can be limited and ideally prevented in areas where spread has not
yet occurred.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/inp.2023.31

Data Availability. The microsatellite data in Microsoft Excel format will be
made available at Scholar@UC (https://doi.org/10.7945/qg5w-ny75) or in the
Supplementary Material.

Table 2. Microsatellite forward and reverse sequences (from Mori et al. 2017) and motif of the simple sequence repeat (SSR) used in this study of Euonymus fortunei.

Locus ID Forward primer sequence Reverse primer sequence SSR motif

ef01 CGGAGAGCCGAGAGGTGTCCTGTTCAAATCACATCCTCCG GTTTCTTCCGAGCGAATGTAAGGACACGC (AG)13
ef02 GCCTCCCTCGCGCCATGTCGATCAACCCACCGGAACAG GTTTCTTTCAACGAGCTCAGGATGTTCC (TTA)14
ef03 CGGAGAGCCGAGAGGTGCGATGGCGAAATCGGAAGAAGCAG GTTTCTTATCATCTGCAGTGTGTCGGGTGC (TC)11
ef04 CGGAGAGCCGAGAGGTGCATAATTTGCCTAGGTCCTTTCTTG GTTTCTTATTCAGTCTCAGCGTTCCGGCTC (CT)16
ef05 CAGGACCAGGCTACCGTGACACCAAGTGATCAACCTGCATTC GTTTCTTGGAGCCTTTCCACTTCTGCTCTC (AT)14
ef06 CAGGACCAGGCTACCGTGAGGTCAAACCATGCCAGAACTTGC GTTTCTTGCCGCTTCTTTGTCCTGAACTCG (TC)14
ef07 CAGGACCAGGCTACCGTGACCACTCAATACCCTCCAAGCCC GTTTCTTCGATTTCCCAACTCCAGAGTCTCC (GA)11
ef08 CAGGACCAGGCTACCGTGACAGAGCTGCAAACATATTTGGGAGC GTTTCTTGTGAAATGG CAGTGGTATGGATGC (TG)14
ef09 CGGAGAGCCGAGAGGTGTCGCATCCTCATCACAACTCCCAC GTTTCTTAGGCGGATCAGTGTAGTCCTTGG (CT)12
ef10 CGGAGAGCCGAGAGGTGACCTAGGCAGACCTCGAGAACTC GTTTCTTAGCCTCAAATCTCCAAGAATCTCCC (CT)12

Figure 4. STRUCTURE output comparing samples of Euonymus species collected from invasive populations with horticultural varieties. Each individual sample is indicated by a
column, and samples from different cultivars and collection sites that share similar or identical multilocus genotypes are grouped together. See Table 1 for sample sizes.
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