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Given the rapidly increasing drought and temperature stresses associated with cli-

mate change, innovative approaches for food security are imperative. One understu-

died opportunity is using feral crops—plants that have escaped and persisted without

cultivation—as a source of genetic diversity, which could build resilience in domesti-

cated conspecifics. In some cases, however, feral plants vigorously compete with

crops as weeds, challenging food security. By bridging historically siloed ecological,

agronomic, and evolutionary lines of inquiry into feral crops, there is the opportunity

to improve food security and understand this relatively understudied anthropogenic

phenomenon.

Summary

The phenomenon of feral crops, that is, free-living populations that have established

outside cultivation, is understudied. Some researchers focus on the negative conse-

quences of domestication, whereas others assert that feral populations may serve as

useful pools of genetic diversity for future crop improvement. Although research on

feral crops and the process of feralization has advanced rapidly in the last two

decades, generalizable insights have been limited by a lack of comparative research

across crop species and other factors. To improve international coordination of

research on this topic, we summarize the current state of feralization research and

chart a course for future study by consolidating outstanding questions in the field.

These questions, which emerged from the colloquium “Darwins' reversals: What we

now know about Feralization and Crop Wild Relatives” at the BOTANY 2021 confer-

ence, fall into seven categories that span both basic and applied research:
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(1) definitions and drivers of ferality, (2) genetic architecture and pathway, (3) evolu-

tionary history and biogeography, (4) agronomy and breeding, (5) fundamental and

applied ecology, (6) collecting and conservation, and (7) taxonomy and best practices.

These questions serve as a basis for ferality researchers to coordinate research in

these areas, potentially resulting in major contributions to food security in the face of

climate change.
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1 | INTRODUCTION

Feral or de-domesticated plants, that is, free-living populations of

domesticated crops that have escaped cultivation, are often consid-

ered negative consequences of domestication in that they can pose

wide-ranging undesirable challenges to crop production and wild eco-

systems (Qiu et al., 2020). Feral rice, for example, is estimated to

reduce cultivated rice yield in the United States by up to 5.7 million

metric tons annually, a greater impact than either of the two leading

rice pathogens (Durand-Morat et al., 2018). Feral crops are also

thought to serve as vectors for unintended transgene spread into cul-

tivated and wild relatives, as in the case of turnip rape (Brassica rapa)

in Japan and Argentina (Hecht et al., 2014; Pandolfo et al., 2018; Saji

et al., 2005). However, feral plant populations have also been pro-

posed as a genetic resource to improve crops, as well as unique study

systems for understanding general evolutionary processes (Mabry,

Turner-Hissong, et al., 2021; Razifard et al., 2020; Wu et al., 2021).

For example, feral rice populations have been used to identify poten-

tially useful genetic variation for stress tolerance (Guan et al., 2019; Li

et al., 2017; Wang et al., 2019). Despite this potential, feral popula-

tions are underrepresented in global germplasm collections and are

often misidentified as wild (McAlvay, 2018).

Past and current research on feral plants ranges from uncover-

ing the evolutionary processes involved and the genetic basis of

feral traits to the control of invasive and agriculturally problematic

feral plants and the ecology of feral populations. For example,

advances have been made in understanding the pathways to ferality,

with feralization occurring either through introgression from wild rel-

atives (exoferality) or without such introgression (endoferality)

(Cronin et al., 2020; Gressel, 2005). Many of our insights into the

genetic and phenotypic changes involved in ferality are derived from

research on feral rice, which has identified key loci, traits, and evolu-

tionary pathways associated with feralization (Li et al., 2022;

Wedger & Olsen, 2018; Zhou et al., 2021). Recently, ferality has

also become a topic of interest in the study of domestication, as

wild–weedy–domesticated complexes were likely frequent in the

early stages of domestication for many plants (Allaby et al., 2021;

Purugganan, 2019, 2022).

There have been several calls to examine ferality in a more sys-

tematic and comparative manner. Gering et al. (2019) argue for a

concerted effort to compare feral plants with their domesticated

relatives and wild populations, as well as feral plants across popula-

tions or species. Little is known, for example, about how the effects

of artificial selection on crops continue to influence descendent feral

populations. Mabry, Turner-Hissong, et al. (2021) highlight the power

of leveraging genomic resources designed for studying agriculturally

important domesticated counterparts. With these resources, we can

begin to understand the genomic architecture involved not only in

feralization but also in domestication, natural selection, and local

adaptation, especially in cases where feralization has occurred in the

same domesticated species independently in different parts of the

world. To support a more coordinated and systematic approach to

feral crops that bridges the work of researchers spanning different

disciplinary and organismal foci, we present a series of outstanding

questions in the field generated from a colloquium at the 2021

BOTANY conference.

2 | THE STATE OF FERALIZATION
RESEARCH

To better understand the landscape of feral research, we performed a

bibliometric analysis to visualize the citation relationships between

individual articles on feral plants and the institutions where the

authors of these articles were based (Methods S1). We found that

cross-citation, and therefore likely scholarly communication, appears

to be limited based on focal species (Figure 1) and terminology

(e.g., “weedy,” “volunteer,” and “feral”). Among the factors that may

play a role in this isolation are the distinct emphases on applied

research such as weed control studied by agronomists and on funda-

mental evolutionary research by evolutionary biologists. Alternatively,

or additionally, this pattern may be driven by a tendency to use

single-species model systems for specific research questions rather

than multispecies comparative studies. For example, the genetic

mechanisms underpinning ferality in rice have been extensively stud-

ied but rarely addressed in other species (Gering et al., 2019; Qiu

et al., 2020). Similarly, feral Brassica napus has been the target of

numerous studies investigating the potential for transgene spread

(Pandolfo et al., 2016) but less thoroughly addressed in most other

feral organisms.

This lack of communication has likely hampered the full potential

for progress on a cohesive, multidisciplinary global effort to address
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fundamental questions about feral plants and feralization. Despite

being internally connected, in several cases, clusters of articles

focused on individual species are not closely associated with other

species in the same family, for example, radish (Raphanus) and Brassica

are both members of the Brassicaceae, but their clusters are not

closely associated, nor are rye (Secale) and Sorghum (Poaceae). There

is a lack of research that leverages the potential power of comparisons

among feral cereals like wheat, rye, rice, sorghum, and maize and of

feral Brassicaceae crops like field mustard (B. rapa), oilseed rape

(B. napus), and radish. There is also untapped potential to compare

similar types of crops across families, for example, comparing feral oil-

seed crops like oilseed rape and sunflower. Although clusters of arti-

cles that focus on particular species are to be expected to some

degree, the limited citations of studies on other species that are

shared between species-focused publications indicate that there may

be limited integration at a generalizable and theoretical level.

3 | CHARTING A COURSE FOR THE
FUTURE FERALIZATION RESEARCH

In an attempt to build more bridges across clusters of researchers

focused on feral crops, a colloquium on crop feralization was orga-

nized at the 2021 Botanical Society of America Conference (BOTANY

2021). Presenters and attendees were brought together in discussion

to develop a list of open questions in feralization research (Methods

S2). These questions were then combined with results from a survey

that was sent to additional researchers in the field and organized into

seven categories, which are discussed below.

3.1 | Definitions and drivers of ferality

The first set of questions highlight the need for research to under-

stand how feral populations form and persist (or do not persist) over

time. Asking these questions, especially across multiple crop species,

would enable researchers to better define ferality and provide insights

into their use to further crop improvement.

1. How do we define ferality?

2. How do we differentiate between domestic, feral, and inva-

sive plants?

3. How frequently does feralization occur, both within and

across species?

4. How common are endoferality, crop-to-crop exoferality, and

crop-to-wild exoferality?

5. Are there climatic conditions associated with a greater fre-

quency of feralization?

6. Are there plant traits that make feralization more liable to

happen?

7. Are any taxonomic groups more prone to giving rise to feral

plants?

8. How does the degree of domestication affect the likelihood

of becoming feral?

9. What determines the short- or long-term persistence of fera-

lized populations?

A baseline need in feralization research is a more comprehensive

understanding of how many species feralization has occurred in. To

date, feral populations have been identified across several species and

F IGURE 1 Citation network analysis of research articles focused on feral crops. Each circle represents a separate publication. The size of the

circle is proportional to the number of connections it has to other publications. Circle colors correspond to the topic species. Importantly, this
does not include all possible publications on feralization, just those available on Web of Science retrieved with the search terms used.
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families (Table 1). Additional species likely have feral populations, but

genetic and/or phenotypic research has not been conducted to distin-

guish them from wild relatives. Additionally, there is still a lack of con-

sistency and consensus on the definition of ferality, possibly due to

researchers approaching feral crops from different fields. Some

authors define feral organisms as populations derived from crops that

have at least one wild type or “weedy” trait not typically present in

crop forms, which allow the line to exist outside of cultivation on a

multiyear basis (Gressel, 2005). Others define feral organisms more

broadly as populations that have persisted outside of human propaga-

tion, regardless of trait changes (Gering et al., 2019). Wu et al. (2021)

suggest that when diagnosing ferality, the ecological role should be

considered in addition to the genetic donor (domesticate or wild rela-

tive) and origin (endoferal, exoferal, or exo-endoferal). Definitions of

ferality are further complicated by ambiguity surrounding terminology.

For example, “weedy” can be applied to plants adapted to disturbance

and/or growing in undesirable areas in competition with cultivated

plants. Finally, several of the questions highlight the need to investi-

gate characteristics of crop species that make them more susceptible

to ferality. For example, diploid crops may be more likely to become

feral than polyploid crops (Wu et al., 2021), but it is not clear whether

certain families, traits, life history, or environmental conditions predis-

pose crops to become feral.

3.2 | Genetic architecture and pathway

The second set of questions deal with the process of ferality at a

genetic level. Several recent studies have determined that feralization

is not exclusively the “undoing” of domestication, where genes are

being returned to an original undomesticated state, but may involve

changes that occur at loci unrelated to domestication (Gering

et al., 2019; Qiu et al., 2020; Wu et al., 2021). Additional research is

needed to further understand the genomic signature of each case of

feralization.

1. Are there unifying genetic mechanisms underlying crop

ferality?

2. Does adaptation to the natural environment after cultivation

occur through fixation of standing variation or through newly

emerged mutations during feralization?

3. Is feralization achieved primarily through few changes of

large effect or small effect changes across many loci?

4. Can feralization accompany adaptation in the form of

increased plasticity?

5. What are the roles of potentially adaptive genomic features

in genetic compatibility/incompatibility between crops and

wild relatives?

6. What is the relationship between when a crop was domesti-

cated and the tendency toward feralization?

7. Are certain domestication traits more reversible than others?

8. Do feral crops tend to have more or less genetic diversity

than their cultivated relatives?T
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Most of our understanding of feralization genetics comes from work

in rice (Oryza spp.). Researchers found adaptation to the natural envi-

ronment after cultivation can occur through mutations in pre-existing

alleles, or as found in O. sativa ssp. indica and O. sativa ssp. japonica

feral rice, some of the selected alleles were derived from new muta-

tions (Li et al., 2022; Scossa & Fernie, 2021). Also in rice, researchers

have found that, in some cases, independently evolving feral popula-

tions have several shared “de-domestication” genomic blocks (Qiu

et al., 2020). These blocks include genes with known functions related

to protecting seeds against pathogens (Guo et al., 2013), indicating

that there are at least some shared genomic targets of selection in

parallel feralization events in rice (Qiu et al., 2020). Yet, other

research has found that although most de-domesticated rice acces-

sions carry the domesticated allele at the sh4 gene (which deter-

mines delayed shattering in a domesticated background), these

plants still effectively disperse their seeds at maturity (Thurber

et al., 2010). The shattering phenotype in these feral accessions

was thus fixed through different mutations at other loci. Therefore,

weediness adaptation appears to be occurring largely through dif-

ferent genetic mechanisms in some feral rice populations (Li

et al., 2017; Qi et al., 2015). Beyond rice, recent research on sun-

flowers has found that a feral population exhibited rapid adaptation

of increased seed dormancy, but not increased competitive ability

or herbicide resistance (Hernández et al., 2022). In general, it is the

assumption that genome-wide nucleotide diversity will be lower in

feral populations than in their respective inferred crop wild rela-

tives but higher than that of cultivated populations (Hernández

et al., 2022; Qiu et al., 2020). However, research that compares

wild, feral, and domesticated populations has yet to determine if

this is true across all crop complexes, especially when comparing

exo- and endoferals.

3.3 | Evolutionary history and biogeography

The third set of questions relates to the evolutionary origins and bio-

geography of feral crops. Feralization likely has a history that is as long

as domestication. Humans have long altered wild plants through culti-

vation and selection (unintentional or intentional); similarly, domesti-

cated plants escape cultivation and evolve further through selection

and hybridization. The process of feralization can proceed in a variety

of different ways (Gressel, 2005). Below we discuss a few questions

concerning the evolutionary history of feralization:

1. How often are feral lineages in a single species polyphyletic?

2. What is the role of human and non-human transportation of

plants in ferality?

3. How does ancient feralization differ from recent or contem-

porary feralization events?

4. Is there introgression between wild-feral-domesticated forms

from the beginning of most domestication processes?

5. What type of insights can feral populations provide in under-

standing the history of domestication?

6. How does the direction of introgression relate to phenotype

(e.g., are feral crops that have wild traits introgressed differ-

ent from wild individuals that have crop traits introgressed)?

7. How much gene flow from feral crops to conspecifics occurs

(for both incipient feral plants and those that evolved

further)?

8. What is the role of landraces versus breeders' varieties in fer-

alization? How does gene flow from feral crops impact land-

races and breeders' varieties differently?

Recent studies on Brassica oleracea (Mabry, Rowan, et al., 2021),

B. rapa (McAlvay et al., 2021), and rice (Londo & Schaal, 2007) have

found evidence for multiple independent feralization events at vary-

ing timescales and paths to ferality (exoferal or endoferal). Feral and

cultivated plants often coexist with the potential for extensive back-

crossing. This complicates the interpretation of the phylogeny, espe-

cially when trying to clarify the biogeographic patterns of feral plants

transported across different regions, especially when subsequent

backcrossing homogenizes their genomic background with local culti-

vars. One study on rice revealed that extensive gene flow from

domesticated to wild populations has eroded or replaced a substan-

tial portion of the genetic diversity of wild rice (Wang et al., 2017).

Recent work suggests that domestication evolved as a landscape pro-

cess in which disconnected populations of plants were sustained by

human contact and gene flow (Allaby et al., 2022; Spengler, 2020).

Although not specifically stated that some of these coexisting popu-

lations could be feral, descriptions of these plants—wild populations

with low levels of domestication syndrome alleles—certainly fit the

description, indicating that feral crops may have always played a role

in domestication. We know that feral populations have been of inter-

est to researchers for over 100 years. In 1850, at least four different

“weedy” rice types were documented (Craigmiles, 1978). Two

decades later, Charles Darwin (Darwin, 1868) also described the pro-

cess of feralization.

In our turnip and carrot beds a few plants often

“break” — that is, flower too soon; and their roots are

generally found to be hard and stringy, as in the parent

species. By the aid of a little selection, carried on dur-

ing a few generations, most of our cultivated plants

could probably be brought back, without any great

change in their conditions of life, to a wild or nearly

wild condition.

3.4 | Agronomy and breeding

Feral crop populations can serve as important germplasm resources

for improving crops with a range of agronomic traits, including adapta-

tion to biotic and abiotic stress factors. However, gene flow involving

feral crop populations in agricultural landscapes may have negative

consequences for maintaining crop genetic uniformity and achieving

novel trait confinement. Here, the following questions highlight
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the beneficial and detrimental impacts of feral crops, as well as poten-

tial management avenues to thwart the establishment of feral

populations.

1. Can feral crops be used as genetic resources for crop

improvement to make cultivated crops more locally adapted

or provide useful traits already embedded in a more favorable

genetic background? What specific traits from feral crops

could be of value? Are there opportunities to introgress genes

from feral plants to endow tolerance to biotic and abiotic

stress factors?

2. Is there an opportunity to redomesticate feral crops using

classical breeding or genome editing?

3. Do sympatric feral populations unintentionally impart adap-

tive variation into crops via gene flow?

4. Can we intentionally conduct breeding that produces crops

with less ferality potential?

5. How does the use of certified weed-free seed help prevent

the dispersal of feral plants?

6. What agronomic management practices influence the forma-

tion of feral crop populations and how can they be modified

to prevent their establishment?

7. Do feral crops act as refuges for pollinators or pests?

8. Are there any ecosystem services offered by feral populations

in agricultural landscapes?

9. Can feral populations serve as a component of a metapopula-

tion for specific plant species in agricultural landscapes?

Recently, Pisias et al. (2022) reviewed the possibility of utilizing feral

crops, which have a more similar genomic background to crops than

their wild relatives, for crop improvement using de novo domestication,

especially through genome-editing techniques (Curtin et al., 2022;

Fernie & Yan, 2019; Lemmon et al., 2018; Shan et al., 2020; Wu

et al., 2021; Zsögön et al., 2018). Depending on the species, this process

could still require extensive baseline research to establish transforma-

tion and tissue culture regeneration systems. However, feral popula-

tions could be integrated into crop improvement methods using

traditional breeding techniques, such as marker-assisted backcrossing,

as well. Because feral populations likely harbor genes related to toler-

ance to biotic and abiotic stress, these plants could play important roles

in creating locally adapted crops (Bohra et al., 2022; Burgarella

et al., 2019; Gutaker et al., 2022; Van Tassel et al., 2020; Zsögön

et al., 2022). Additionally, it has been suggested that feral crops could

be redomesticated into completely new crops. Although few documen-

ted examples have been confirmed genetically in crops, such as B. rapa,

(McAlvay, 2018), there are potential candidates, such as cultivated red

rice, which might have been redomesticated from feral red rice in some

places (Wu et al., 2021). However, a large majority of research to

date on feral crops has been centered around the negative effects of

competition with crops, or transgene spread (Al-Ahmad et al., 2006;

Gressel, 2015; Gressel & Al-Ahmad, 2005). Understanding the

landscape genetics of feral plants and their crop conspecifics at

multiple scales as has been done with some feral animals (Delgado-

Acevedo, 2010) could provide insights into the microevolutionary forces

involved in wild–feral–crop and feral–crop complexes, which could, in

turn, shed insight on management, domestication, and other topics.

3.5 | Fundamental and applied ecology

Feral plants offer a useful test system with which to address key eco-

logical and eco-evolutionary questions due to their relationship with

conspecific crops that have carefully studied genomes and evolution-

ary histories. On the other hand, feral plants also tend to have certain

tendencies that distinguish them from many wild plants, such as an

affinity for disturbed anthropogenic areas (Garnier et al., 2008;

Warwick & Stewart, 2005), persistent genetic/evolutionary character-

istics retained from domestication, such as differences in life history

trade-offs (Gering et al., 2019; Meyer & Purugganan, 2013), and some-

times complex genealogies deriving from populations brought

together artificially by humans. Addressing the questions below would

not only contribute to the fundamental understanding of plant ecology

but also the control of invasive or otherwise problematic feral plants.

1. How do feral crops fit into the larger ecological and evolu-

tionary footprint of humans in the Anthropocene?

2. How do feral plants adapt to novel environments? How does

this differ from local adaptation in non-feral plants? Does the

genetic heritage of feral plants facilitate their adaptation to a

changing climate?

3. What can feral plants teach us about invasion ecology?

4. What determines the success of feral crops in novel environ-

ments? Why is it rare to find feral crops in mature forests?

5. What makes some feral crops such effective competitors in

agricultural fields?

6. What ecological characteristics are typical of feral plants at

the scales of individual traits, integrated phenotypes, and

biotic interactions?

7. How often does a necessity for crop mimicry play a role in

ferality?

Anthropogenic ecological impacts over the last several tens of thou-

sands of years have gained renewed attention recently (Ellis &

Ramankutty, 2008; Otto, 2018), but a better understanding of the role

of ferals in anthropogenic biomes or “anthromes” sensu (Ellis, 2015)

could help move us toward a more comprehensive understanding of

how humans have sculpted ecosystems throughout time. Studies of

local adaptation in model or near-model organisms have been an

important source of insights in the past (Leinonen et al., 2009), as have

feral species (Franks et al., 2007), but there are abundant opportunities

for more work in this area, especially in the genomic era (Saastamoinen

et al., 2018). Feral organisms also present an opportunity to investigate

invasion ecology, including eco-evolutionary questions, as many feral

organisms are also invasive (Ellstrand et al., 2010). This work might

include predictive models to anticipate future invasion and habitat suit-

ability and characterization of the features that tend to make feral
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plants such effective competitors in certain environments. Finally, a

detailed investigation into functional ecological traits as has been pro-

posed for domestication (Meyer et al., 2012; Milla et al., 2015) would

shed further light on the ecological dimensions of feralization.

3.6 | Collecting and conservation

Conservation was a common concern among participants both in the

sense of conserving wild crop relatives and conserving native ecosys-

tems. Resolving these unknowns would facilitate the management of

ecosystems invaded by feral populations and the preservation of valu-

able crop wild relative diversity.

1. What are the impacts of feral populations on native diversity?

2. To what extent have the genomes of closely related wild rela-

tives of crops been eroded or replaced by feral crops?

3. How do feral plants become invasive?

4. What is the frequency of feral ornamentals?

5. How prevalent are transgenes in feral populations? How

often do they serve as a bridge to spread them to other

populations?

6. How will climate change affect ferality?

7. Might feral populations act as “bridgeheads” for herbivores

or pathogens that attack wild relatives?

8. Are certain feral populations a relevant target for genetic con-

servation, assuming they acquire novel genetic variation?

Comprehensive reviews have not yet been undertaken to gauge the

relative ecological impact of feral crops compared to non-feral species

on native biodiversity. Likewise, research that assesses the presence

and/or impact of gene flow and introgression with wild conspecifics/

congenerics is needed (Ellstrand et al., 2013; Gering et al., 2019).

Insights gleaned from the fast-growing field of invasion biology, which

encompasses studies of rapid evolution, invasibility, and eco-

evolutionary dynamics could be potentially translatable to feral

models. Although feral crops account for up to 14% of invasive spe-

cies in the United States, feral ornamental plants account for up to

half of invasive species in the United States but are even less well-

studied than feral crops (Culley & Hardiman, 2009; Li et al., 2004;

Reichard & Campbell, 1996). Understanding pathways to domestica-

tion and feralization in ornamentals could provide a useful parallel

study system to crops. Both feral crops and ornamentals could be use-

ful systems for studying “drivers versus passengers,” an understudied

hypothesis (Wilson & Pinno, 2013) asking if invasive drive community

change or if they are passengers following environmental change such

as disturbance. This is an unresolved area, but one, which may be very

relevant to feral species due to their origin in disturbed cropping sys-

tems. Despite questions about transgene spread mediated by feral

populations being the driver of one of the initial waves of interest in

feral plant research (Allainguillaume et al., 2006; FitzJohn et al., 2007;

Warwick et al., 2008), there are still outstanding questions about the

frequency of its occurrence. Although range expansion and rapid

evolution of many species are anticipated with climate change and

other environmental shifts (Franks et al., 2014), it is not clear whether

feral plants will be impacted differently due to their unique evolution-

ary histories and preadaptations to anthropogenic ecosystems.

Despite their widespread occurrence, feral crops are under investi-

gated compared to truly wild relatives, despite their potential to har-

bor useful alleles. Including feral populations in germplasm collection

and conservation may provide a resource for adapting crops in the

future.

3.7 | Taxonomy and best practices

To address the questions above and others, the authors also discussed

methods and best practices for moving forward collaboratively in this

field:

1. Is it possible to develop a standardized terminology around

feral crops to facilitate communication between researchers?

2. What are the best methods for understanding feralization?

3. Can we do experimental feralization?

4. How can herbarium specimens (or specimens in general) be

used to understand feralization?

5. How can we standardize our methods for compatibility across

studies?

6. What are the best practices for naming feral populations?

7. How can we address the issue of wild relatives being feral in

seed banks?

8. Can we increase the exchange of information with

researchers studying feralization in animals to inspire ques-

tions and methods for plants?

The first question relates to the importance of the wording we use to

describe feral crops. Researchers from across fields use the terms

weedy, feral, and domestication in different ways, which can hamper

communication (Ammann et al., 2005). As mentioned above, the term

“weedy” can refer to ecological strategy or competition with desirable

plants, and definitions of ferality can include or exclude trait change

as a criterion. Because feral populations are often confused with wild

populations, they are minimally sampled or left out of studies. Taxo-

nomic confusion has also hampered research. For example, feral

B. rapa has been alternatively called Brassica rapa ssp. sylvestris, Bras-

sica rapa ssp. campestris, or simply B. campestris–each also referring to

truly wild B. rapa despite separate evolutionary histories (McAlvay

et al., 2017). One option would be to give these feral populations a

new infraspecific taxonomic rank as has been done in rice (Oryza

sativa forma spontanea), but this is not widely agreed upon (Roma-

Burgos et al., 2021). By clarifying taxonomy, researchers can then

address challenges in seed banks where wild accessions are actually

feral populations. Finally, researchers should reach out beyond plants

to collaborators studying feralization in animals and other organisms

to find ways in which we can work synergically, possibly to identify

any shared patterns in becoming feral across plants and animals.
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4 | CONCLUSIONS

Although above we highlight a wide range of open research questions

in feralization research, we recognize that there are an even greater

number of questions not addressed, that will be spurred by continued

research and conversation. As hopefully demonstrated here, under-

standing feralization is interdisciplinary in nature, as it has already—

and will need to continue to—span disciplines that include both basic

and applied research. As the questions suggest, the field of ferality

research is well-positioned to enter a new phase. Rice has been estab-

lished as an evolutionary and genomic model for ferality, laying the

foundation for large-scale comparative work across species that could

build theory and generalizable knowledge. Other emerging directions

include the use of feral populations in breeding programs, reexamining

domestication in light of the role of feralization, and rapid adaptation

of feral populations. Working as a global community and using shared

terminology and methods will allow for more efficient and concerted

work in this field, with potentially important implications for food

security, conservation, plant breeding, and understanding of evolu-

tionary processes.
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Kišek, M., Jarni, K., & Brus, R. (2021). Hybridisation of Malus sylvestris (L.)

Mill. with Malus � domestica Borkh. and Implications for the produc-

tion of forest reproductive material. Forests, Trees and Livelihoods, 12,

367. https://doi.org/10.3390/f12030367

Leak-Garcia, J., Holt, J. S., Seung-Chul, K. I. M., Lisa, M. U., Mejías, J. A., &

Ellstrand, N. C. (2013). More than multiple introductions: Multiple taxa

contribute to the genesis of the invasive California's wild artichoke

thistle. Journal of Systematics and Evolution, 51, 295–307. https://doi.
org/10.1111/j.1759-6831.2012.00222.x

Leinonen, P. H., Sandring, S., Quilot, B., Clauss, M. J., Mitchell-Olds, T.,

Agren, J., & Savolainen, O. (2009). Local adaptation in European popu-

lations of Arabidopsis lyrata (Brassicaceae). American Journal of Botany,

96, 1129–1137. https://doi.org/10.3732/ajb.0800080
Lemmon, Z. H., Reem, N. T., Dalrymple, J., Soyk, S., Swartwood, K. E.,

Rodriguez-Leal, D., Van Eck, J., & Lippman, Z. B. (2018). Rapid

improvement of domestication traits in an orphan crop by genome

editing. Nature Plants, 4, 766–770. https://doi.org/10.1038/s41477-
018-0259-x

Li, L.-F., Li, Y.-L., Jia, Y., Caicedo, A. L., & Olsen, K. M. (2017). Signatures of

adaptation in the weedy rice genome. Nature Genetics, 49, 811–814.
https://doi.org/10.1038/ng.3825

Li, X., Zhang, S., Amaro-Blanco, I., Perera, S., Khandekar, N. S.,

Lowey, D., Osuna, M. D., & Caicedo, A. L. (2022). Multiple compensa-

tory mutations contribute to the de-domestication of Iberian weedy

rice. Plants, People, Planet, 4, 499–510. https://doi.org/10.1002/ppp3.
10286

Li, Y., Cheng, Z., Smith, W. A., Ellis, D. R., Chen, Y., Zheng, X., Pei, Y.,

Luo, K., Zhao, D., Yao, Q., Duan, H., & Li, Q. (2004). Invasive ornamen-

tal plants: Problems, challenges, and molecular tools to neutralize their

invasiveness. Critical Reviews in Plant Sciences, 23, 381–389. https://
doi.org/10.1080/07352680490505123

Londo, J. P., & Schaal, B. A. (2007). Origins and population genetics of

weedy red rice in the USA. Molecular Ecology, 16, 4523–4535. https://
doi.org/10.1111/j.1365-294X.2007.03489.x

646 MABRY ET AL.

 25722611, 2023, 5, D
ow

nloaded from
 https://nph.onlinelibrary.w

iley.com
/doi/10.1002/ppp3.10367 by U

kri C
/O

 U
k Shared B

usiness Services, W
iley O

nline L
ibrary on [26/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s10722-012-9808-8
https://doi.org/10.1007/s10722-012-9808-8
https://doi.org/10.1016/j.gfs.2018.08.004
https://doi.org/10.1016/j.gfs.2018.08.004
https://doi.org/10.1890/14-2274.1
https://doi.org/10.1890/070062
https://doi.org/10.1111/j.1752-4571.2010.00140.x
https://doi.org/10.1111/j.1752-4571.2010.00140.x
https://doi.org/10.1146/annurev-ecolsys-110512-135840
https://doi.org/10.1016/j.molp.2019.03.016
https://doi.org/10.1016/j.molp.2019.03.016
https://doi.org/10.1016/j.molp.2019.03.016
https://doi.org/10.1073/pnas.060837910
https://doi.org/10.1111/eva.12112
https://doi.org/10.1016/j.baae.2007.08.014
https://doi.org/10.1016/j.baae.2007.08.014
https://doi.org/10.1016/j.tree.2019.07.018
https://doi.org/10.1016/j.tree.2019.07.018
https://doi.org/10.1201/9781420037999
https://doi.org/10.1002/ps.3850
https://doi.org/10.1371/journal.pone.0152394
https://doi.org/10.1371/journal.pone.0152394
https://doi.org/10.1016/j.gene.2018.10.066
https://doi.org/10.1016/j.gene.2018.10.066
https://doi.org/10.1038/s41467-020-18738-5
https://doi.org/10.1038/s41467-020-18738-5
https://doi.org/10.1111/tpj.12209
https://doi.org/10.1111/tpj.12209
https://doi.org/10.1016/j.pbi.2021.102169
https://doi.org/10.1007/s10681-009-0045-y
https://doi.org/10.1007/s10681-009-0045-y
https://doi.org/10.1111/pbi.12630
https://doi.org/10.1111/pbi.12630
https://doi.org/10.1007/s11356-013-1881-9
https://doi.org/10.1093/jhered/esac009
https://doi.org/10.1093/jhered/esac009
https://doi.org/10.3390/f12030367
https://doi.org/10.1111/j.1759-6831.2012.00222.x
https://doi.org/10.1111/j.1759-6831.2012.00222.x
https://doi.org/10.3732/ajb.0800080
https://doi.org/10.1038/s41477-018-0259-x
https://doi.org/10.1038/s41477-018-0259-x
https://doi.org/10.1038/ng.3825
https://doi.org/10.1002/ppp3.10286
https://doi.org/10.1002/ppp3.10286
https://doi.org/10.1080/07352680490505123
https://doi.org/10.1080/07352680490505123
https://doi.org/10.1111/j.1365-294X.2007.03489.x
https://doi.org/10.1111/j.1365-294X.2007.03489.x


Lu, B. (2005). Multidirectional gene flow among wild, weedy, and culti-

vated soybeans. In J. Gressel (Ed.), Crop ferality and volunteerism

(pp. 137–147). CRC PressTaylor & Francis Group.

Mabry, M. E., Rowan, T. N., Pires, J. C., & Decker, J. E. (2021). Feralization:

Confronting the complexity of domestication and evolution.

Trends in Genetics, 37, 302–305. https://doi.org/10.1016/j.tig.2021.
01.005

Mabry, M. E., Turner-Hissong, S. D., Gallagher, E. Y., McAlvay, A. C.,

An, H., Edger, P. P., Moore, J. D., Pink, D. A. C., Teakle, G. R.,

Stevens, C. J., Barker, G., Labate, J., Fuller, D. Q., Allaby, R. G.,

Beissinger, T., Decker, J. E., Gore, M. A., & Pires, J. C. (2021). The evo-

lutionary history of wild, domesticated, and feral Brassica oleracea

(Brassicaceae). Molecular Biology and Evolution, 38, 4419–4434.
https://doi.org/10.1093/molbev/msab183

Maggioni, L., von Bothmer, R., Poulsen, G., & Aloisi, K. H. (2020).

Survey and genetic diversity of wild Brassica oleracea L. germplasm

on the Atlantic coast of France. Genetic Resources and Crop Evolution,

67, 1853–1866. https://doi.org/10.1007/s10722-020-00945-0
McAlvay, A. C. (2018). Domestication, invasion, and ethnobotany of Brassica

rapa (10751902). The University of Wisconsin-Madison ProQuest Dis-

sertations Publishing.

McAlvay, A. C., Bird, K., Poulsen, G., Pires, J. C., & Emshwiller, E. (2017).

Barriers and prospects for wild crop relative research in Brassica rapa.

VII International Symposium on Brassicas, 1201, 165–177. https://doi.
org/10.17660/ActaHortic.2018.1202.24

McAlvay, A. C., Ragsdale, A. P., Mabry, M. E., Qi, X., Bird, K. A., Velasco, P.,

An, H., Pires, J. C., & Emshwiller, E. (2021). Brassica rapa domestica-

tion: Untangling wild and feral forms and convergence of crop mor-

photypes. Molecular Biology and Evolution, 38, 3358–3372. https://doi.
org/10.1093/molbev/msab108

Mekuria, G. T., Collins, G., & Sedgley, M. (2002). Genetic diversity within

an isolated olive (Olea europaea L.) population in relation to feral

spread. Scientia Horticulturae, 94, 91–105. https://doi.org/10.1016/
S0304-4238(01)00375-2

Meyer, R. S., DuVal, A. E., & Jensen, H. R. (2012). Patterns and processes

in crop domestication: an historical review and quantitative analysis of

203 global food crops. The New Phytologist, 196, 29–48. https://doi.
org/10.1111/j.1469-8137.2012.04253.x

Meyer, R. S., & Purugganan, M. D. (2013). Evolution of crop species:

genetics of domestication and diversification. Nature Reviews. Genetics,

14, 840–852. https://doi.org/10.1038/nrg3605
Milla, R., Osborne, C. P., Turcotte, M. M., & Violle, C. (2015). Plant domes-

tication through an ecological lens. Trends in Ecology & Evolution, 30,

463–469. https://doi.org/10.1016/j.tree.2015.06.006
Mittell, E. A., Cobbold, C. A., Ijaz, U. Z., Kilbride, E. A., Moore, K. A., &

Mable, B. K. (2020). Feral populations of Brassica oleracea along Atlan-

tic coasts in western Europe. Ecology and Evolution, 10, 11810–11825.
https://doi.org/10.1002/ece3.6821

Morrell, P. L., Williams-Coplin, T. D., Lattu, A. L., Bowers, J. E.,

Chandler, J. M., & Paterson, A. H. (2005). Crop-to-weed introgression

has impacted allelic composition of johnsongrass populations with

and without recent exposure to cultivated sorghum. Molecular Ecol-

ogy, 14, 2143–2154. https://doi.org/10.1111/j.1365-294X.2005.

02579.x

Ob�on, C., Rivera, D., Alcaraz, F., Carreño, E., Ríos, S., Laguna, E., Sánchez-

Balibrea, J., del Arco, M., Bergmeier, E., & Johnson, D. (2018). What

are palm groves of Phoenix? Conservation of Phoenix palm groves in

the European Union. Biodiversity and Conservation, 27, 1905–1924.
https://doi.org/10.1007/s10531-018-1516-z

Ohadi, S., Littlejohn, M., Mesgaran, M., Rooney, W., & Bagavathiannan, M.

(2018). Surveying the spatial distribution of feral sorghum (Sorghum

bicolor L.) and its sympatry with johnsongrass (S. halepense) in South

Texas. PLoS ONE, 13, e0195511. https://doi.org/10.1371/journal.

pone.0200984

Otto, S. P. (2018). Adaptation, speciation and extinction in the Anthropo-

cene. Proceedings. Biological Sciences/The Royal Society, 285,

20182047. https://doi.org/10.1098/rspb.2018.2047

Page, A., Gibson, J., Meyer, R. S., & Chapman, M. A. (2019). Eggplant

domestication: Pervasive gene flow, feralization, and transcriptomic

divergence. Molecular Biology and Evolution, 36, 1359–1372. https://
doi.org/10.1093/molbev/msz062

Pandolfo, C. E., Presotto, A., Carbonell, F. T., Ureta, S., Poverene, M., &

Cantamutto, M. (2016). Transgenic glyphosate-resistant oilseed rape

(Brassica napus) as an invasive weed in Argentina: detection, character-

ization, and control alternatives. Environmental Science and Pollution

Research International, 23, 24081–24091. https://doi.org/10.1007/

s11356-016-7670-5

Pandolfo, C. E., Presotto, A., Carbonell, F. T., Ureta, S., Poverene, M., &

Cantamutto, M. (2018). Transgene escape and persistence in an agroe-

cosystem: the case of glyphosate-resistant Brassica rapa L. in central

Argentina. Environmental Science and Pollution Research International,

25, 6251–6264. https://doi.org/10.1007/s11356-017-0726-3
Pascher, K. (2016). Spread of volunteer and feral maize plants in Central

Europe: Recent data from Austria. Environmental Sciences Europe, 28,

30. https://doi.org/10.1186/s12302-016-0098-1

Pavan, S., Curci, P. L., Zuluaga, D. L., Blanco, E., & Sonnante, G. (2018).

Genotyping-by-sequencing highlights patterns of genetic structure

and domestication in artichoke and cardoon. PLoS ONE, 13,

e0205988. https://doi.org/10.1371/journal.pone.0205988

Pisias, M. T., Bakala, H. S., McAlvay, A. C., Mabry, M. E., Birchler, J. A.,

Yang, B., & Chris Pires, J. (2022). Prospects of feral crop de novo re-

domestication. Plant and Cell Physiology, 63, 1641–1653. https://doi.
org/10.1093/pcp/pcac072

Provvidenti, R., Robinson, R. W., & Munger, H. M. (1978). Resistance in

feral species to six viruses infecting Cucurbita. Plant Disease Report, 62,

326–329.
Purugganan, M. D. (2019). Evolutionary insights into the nature of plant

domestication. Current Biology: CB, 29, R705–R714. https://doi.org/
10.1016/j.cub.2019.05.053

Purugganan, M. D. (2022). What is domestication? Trends in Ecology

& Evolution, 37, 663–671. https://doi.org/10.1016/j.tree.2022.

04.006

Qi, X., Liu, Y., Vigueira, C. C., Young, N. D., Caicedo, A. L., Jia, Y.,

Gealy, D. R., & Olsen, K. M. (2015). More than one way to evolve a

weed: parallel evolution of US weedy rice through independent

genetic mechanisms. Molecular Ecology, 24, 3329–3344. https://doi.
org/10.1111/mec.13256

Qiu, J., Jia, L., Wu, D., Weng, X., Chen, L., Sun, J., Chen, M., Mao, L.,

Jiang, B., Ye, C., Turra, G. M., Guo, L., Ye, G., Zhu, Q.-H., Imaizumi, T.,

Song, B.-K., Scarabel, L., Merotto, A. Jr., Olsen, K. M., & Fan, L. (2020).

Diverse genetic mechanisms underlie worldwide convergent rice fera-

lization. Genome Biology, 21, 70. https://doi.org/10.1186/s13059-

020-01980-x

Qiu, J., Zhou, Y., Mao, L., Ye, C., Wang, W., Zhang, J., Yu, Y., Fu, F.,

Wang, Y., Qian, F., Qi, T., Wu, S., Sultana, M. H., Cao, Y.-N., Wang, Y.,

Timko, M. P., Ge, S., Fan, L., & Lu, Y. (2017). Genomic variation associ-

ated with local adaptation of weedy rice during de-domestication.

Nature Communications, 8, 15323. https://doi.org/10.1038/

ncomms15323

Qiu, J., Zhu, J., Fu, F., Ye, C.-Y., Wang, W., Mao, L., Lin, Z.,

Chen, L., Zhang, H., Guo, L., Qiang, S., Lu, Y., & Fan, L. (2014). Genome

re-sequencing suggested a weedy rice origin from domesticated

indica-japonica hybridization: A case study from southern China.

Planta, 240, 1353–1363. https://doi.org/10.1007/s00425-014-

2159-2

Raybould, A., Higgins, L. S., Horak, M. J., Layton, R. J., Storer, N. P., De La

Fuente, J. M., & Herman, R. A. (2012). Assessing the ecological risks

from the persistence and spread of feral populations of insect-

MABRY ET AL. 647

 25722611, 2023, 5, D
ow

nloaded from
 https://nph.onlinelibrary.w

iley.com
/doi/10.1002/ppp3.10367 by U

kri C
/O

 U
k Shared B

usiness Services, W
iley O

nline L
ibrary on [26/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.tig.2021.01.005
https://doi.org/10.1016/j.tig.2021.01.005
https://doi.org/10.1093/molbev/msab183
https://doi.org/10.1007/s10722-020-00945-0
https://doi.org/10.17660/ActaHortic.2018.1202.24
https://doi.org/10.17660/ActaHortic.2018.1202.24
https://doi.org/10.1093/molbev/msab108
https://doi.org/10.1093/molbev/msab108
https://doi.org/10.1016/S0304-4238(01)00375-2
https://doi.org/10.1016/S0304-4238(01)00375-2
https://doi.org/10.1111/j.1469-8137.2012.04253.x
https://doi.org/10.1111/j.1469-8137.2012.04253.x
https://doi.org/10.1038/nrg3605
https://doi.org/10.1016/j.tree.2015.06.006
https://doi.org/10.1002/ece3.6821
https://doi.org/10.1111/j.1365-294X.2005.02579.x
https://doi.org/10.1111/j.1365-294X.2005.02579.x
https://doi.org/10.1007/s10531-018-1516-z
https://doi.org/10.1371/journal.pone.0200984
https://doi.org/10.1371/journal.pone.0200984
https://doi.org/10.1098/rspb.2018.2047
https://doi.org/10.1093/molbev/msz062
https://doi.org/10.1093/molbev/msz062
https://doi.org/10.1007/s11356-016-7670-5
https://doi.org/10.1007/s11356-016-7670-5
https://doi.org/10.1007/s11356-017-0726-3
https://doi.org/10.1186/s12302-016-0098-1
https://doi.org/10.1371/journal.pone.0205988
https://doi.org/10.1093/pcp/pcac072
https://doi.org/10.1093/pcp/pcac072
https://doi.org/10.1016/j.cub.2019.05.053
https://doi.org/10.1016/j.cub.2019.05.053
https://doi.org/10.1016/j.tree.2022.04.006
https://doi.org/10.1016/j.tree.2022.04.006
https://doi.org/10.1111/mec.13256
https://doi.org/10.1111/mec.13256
https://doi.org/10.1186/s13059-020-01980-x
https://doi.org/10.1186/s13059-020-01980-x
https://doi.org/10.1038/ncomms15323
https://doi.org/10.1038/ncomms15323
https://doi.org/10.1007/s00425-014-2159-2
https://doi.org/10.1007/s00425-014-2159-2


resistant transgenic maize. Transgenic Research, 21, 655–664. https://
doi.org/10.1007/s11248-011-9560-4

Razifard, H., Ramos, A., Della Valle, A. L., Bodary, C., Goetz, E.,

Manser, E. J., Li, X., Zhang, L., Visa, S., Tieman, D., van der Knaap, E., &

Caicedo, A. L. (2020). Genomic evidence for complex domestication

history of the cultivated tomato in Latin America. Molecular Biology

and Evolution, 37, 1118–1132. https://doi.org/10.1093/molbev/

msz297

Reichard, S., & Campbell, F. (1996). Invited but unwanted: A new decision-

making process could help curb the devastating effects of invasive

plants on natural environments in the US. American Nurseryman, 184,

39–45.
Ridley, C. E., Kim, S.-C., & Ellstrand, N. C. (2008). Bidirectional history of

hybridization in California wild radish, Raphanus sativus (Brassicaceae),

as revealed by chloroplast DNA. American Journal of Botany, 95,

1437–1442. https://doi.org/10.3732/ajb.0800119
Roma-Burgos, N., San Sudo, M. P., Olsen, K. M., Werle, I., & Song, B.-K.

(2021). Weedy rice (Oryza spp.): What's in a name? Weed Science, 69,

505–513. https://doi.org/10.1017/wsc.2021.22

Rösler, L. (1969). Zur Bestimmung und Beurteilung fon Fatuoiden und Bas-

tardformen zwischen Saat-und Flughafer. Saat-und Pflanzgut, 10,

731–735.
Saastamoinen, M., Bocedi, G., Cote, J., Legrand, D., Guillaume, F.,

Wheat, C. W., Fronhofer, E. A., Garcia, C., Henry, R., Husby, A.,

Baguette, M., Bonte, D., Coulon, A., Kokko, H., Matthysen, E.,

Niitepõld, K., Nonka, E., Stevens, V. M., Travis, J. M. J., … del Mar

Delgado, M. (2018). Genetics of dispersal. Biological Reviews of the

Cambridge Philosophical Society, 93, 574–599. https://doi.org/10.

1111/brv.12356

Saji, H., Nakajima, N., Aono, M., Tamaoki, M., Kubo, A., Wakiyama, S.,

Hatase, Y., & Nagatsu, M. (2005). Monitoring the escape of trans-

genic oilseed rape around Japanese ports and roadsides. Environ-

mental Biosafety Research, 4, 217–222. https://doi.org/10.1051/ebr:
2006003

Schlink, S. (1994). Ökologie der Keimung und Dormanz von Körnerraps

(Brassica napus) und ihre Bedeutung für eine Überdauerung der Samen

im Boden. Dissertationes Botanicae 222, Gebrüder Bornträger, Berlin,

Stuttgart. Zugl.: Diss. Univ. Göttingen.

Scossa, F., & Fernie, A. R. (2021). When a crop goes back to the wild: Fera-

lization. Trends in Plant Science, 26, 543–545. https://doi.org/10.

1016/j.tplants.2021.02.002

Shan, S., Soltis, P. S., Soltis, D. E., & Yang, B. (2020). Considerations in

adapting CRISPR/Cas9 in nongenetic model plant systems. Applica-

tions in Plant Sciences, 8, e11314. https://doi.org/10.1002/aps3.

11314

Spengler, R. N. 3rd. (2020). Anthropogenic seed dispersal: Rethinking the

origins of plant domestication. Trends in Plant Science, 25, 340–348.
https://doi.org/10.1016/j.tplants.2020.01.005

Spennemann, D. H., & Allen, L. R. (2000). Feral olives (Olea europaea)

as future woody weeds in Australia: A review. Australian Journal of

Information Systems, 40, 889–901. https://doi.org/10.1071/

EA98141

Strik, B. C., Clark, J. R., Finn, C. E., & Bañados, M. P. (2007). Worldwide

blackberry production. HortTechnology, 17, 205–213. https://doi.org/
10.21273/HORTTECH.17.2.205

Sukopp, U., Pohl, M., Driessen, S., & Bartsch, D. (2005). Feral beets-with

help from the maritime wild? In J. Gressel (Ed.), Crop ferality and volun-

teerism (pp. 45–47). CRC PressTaylor & Francis Group.

Sun, J., Ma, D., Tang, L., Zhao, M., Zhang, G., Wang, W., Song, J., Li, X.,

Liu, Z., Zhang, W., Xu, Q., Zhou, Y., Wu, J., Yamamoto, T., Dai, F.,

Lei, Y., Li, S., Zhou, G., Zheng, H., … Chen, W. (2019). Population geno-

mic analysis and de novo assembly reveal the origin of weedy rice as

an evolutionary game. Molecular Plant, 12, 632–647. https://doi.org/
10.1016/j.molp.2019.01.019

Thorpe, A. S., & Kaye, T. N. (2007). Erigeron decumbens spp. decumbens

(Willamette daisy): Population monitoring and evaluation of mowing and

burning at Oxbow West (West Eugene Wetlands). Report to the Bureau of

Land Management, Eugene, District (p. 30). Institute for Applied

Ecology.

Thurber, C. S., Reagon, M., Gross, B. L., Olsen, K. M., Jia, Y., &

Caicedo, A. L. (2010). Molecular evolution of shattering loci in

U.S. weedy rice. Molecular Ecology, 19, 3271–3284. https://doi.org/
10.1111/j.1365-294X.2010.04708.x

Van Tassel, D. L., Tesdell, O., Schlautman, B., Rubin, M. J., DeHaan, L. R.,

Crews, T. E., & Streit Krug, A. (2020). New food crop domestication in

the age of gene editing: Genetic, agronomic and cultural change

remain co-evolutionarily entangled. Frontiers in Plant Science, 11, 789.

https://doi.org/10.3389/fpls.2020.0078

Wang, H., Vieira, F. G., Crawford, J. E., Chu, C., & Nielsen, R. (2017). Asian

wild rice is a hybrid swarm with extensive gene flow and feralization

from domesticated rice. Genome Research, 27, 1029–1038. https://
doi.org/10.1101/gr.204800.116

Wang, Y., Mo, S., Kong, M.-Y., Chao, J., Chen, X.-F., Yang, J.-L., Yan, Y.-J.,

Shi, Z.-H., Qiang, S., Song, X.-L., & Dai, W.-M. (2019). Better perfor-

mance of germination in hyperosmotic solutions in conspecific weedy

rice than cultivated rice. Journal of Systematics and Evolution, 57, 519–
529. https://doi.org/10.1111/jse.12495

Warwick, S. I., Légère, A., Simard, M.-J., & James, T. (2008). Do escaped

transgenes persist in nature? The case of an herbicide resistance

transgene in a weedy Brassica rapa population. Molecular Ecology,

17, 1387–1395. https://doi.org/10.1111/j.1365-294X.2007.

03567.x

Warwick, S. I., & Stewart, C. N. (2005). Crops come from wild plants: how

domestication, transgenes, and linkage together shape ferality. In J.

Gressel (Ed.), Crop ferality and volunteerism (pp. 9–30). CRC PressTay-

lor & Francis Group.

Wedger, M. J., & Olsen, K. M. (2018). Evolving insights on weedy rice. Eco-

logical Genetics and Genomics, 7–8, 23–26. https://doi.org/10.1016/j.
egg.2018.03.005

Wenger, J. P., Dabney, C. J. 3rd, ElSohly, M. A., Chandra, S.,

Radwan, M. M., Majumdar, C. G., & Weiblen, G. D. (2020). Validating a

predictive model of cannabinoid inheritance with feral, clinical, and

industrial Cannabis sativa. American Journal of Botany, 107, 1423–
1432. https://doi.org/10.1002/ajb2.1550

Wilson, S. D., & Pinno, B. D. (2013). Environmentally-contingent behaviour

of invasive plants as drivers or passengers. Oikos, 122, 129–135.
https://doi.org/10.1111/j.1600-0706.2012.20673.x

Wood, B. W., & Marquard, R. D. (1992). Estimates of self-pollination in

pecan orchards in the Southeastern United States. HortScience: A Pub-

lication of the American Society for Horticultural Science, 27, 406–408.
https://doi.org/10.21273/HORTSCI.27.5.406

Wu, D., Lao, S., & Fan, L. (2021). De-domestication: An extension of crop

evolution. Trends in Plant Science, 26, 560–574. https://doi.org/10.
1016/j.tplants.2021.02.003

Yoshinori, T., Kenichiro, K., & Mitsunori, O. (2022). Anthropogenic

legacies shaping the present composition of demarcation trees in

a temperate upland field landscape in Japan. Journal of Ethnobiology

and Ethnomedicine, 18, 45. https://doi.org/10.1186/s13002-022-

00543-7

Zeng, X., Guo, Y., Xu, Q., Mascher, M., Guo, G., Li, S., Mao, L., Liu, Q.,

Xia, Z., Zhou, J., Yuan, H., Tai, S., Wang, Y., Wei, Z., Song, L., Zha, S.,

Li, S., Tang, Y., Bai, L., … Tashi, N. (2018). Origin and evolution of

qingke barley in Tibet. Nature Communications, 9, 5433. https://doi.

org/10.1038/s41467-018-07920-5

648 MABRY ET AL.

 25722611, 2023, 5, D
ow

nloaded from
 https://nph.onlinelibrary.w

iley.com
/doi/10.1002/ppp3.10367 by U

kri C
/O

 U
k Shared B

usiness Services, W
iley O

nline L
ibrary on [26/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s11248-011-9560-4
https://doi.org/10.1007/s11248-011-9560-4
https://doi.org/10.1093/molbev/msz297
https://doi.org/10.1093/molbev/msz297
https://doi.org/10.3732/ajb.0800119
https://doi.org/10.1017/wsc.2021.22
https://doi.org/10.1111/brv.12356
https://doi.org/10.1111/brv.12356
https://doi.org/10.1051/ebr:2006003
https://doi.org/10.1051/ebr:2006003
https://doi.org/10.1016/j.tplants.2021.02.002
https://doi.org/10.1016/j.tplants.2021.02.002
https://doi.org/10.1002/aps3.11314
https://doi.org/10.1002/aps3.11314
https://doi.org/10.1016/j.tplants.2020.01.005
https://doi.org/10.1071/EA98141
https://doi.org/10.1071/EA98141
https://doi.org/10.21273/HORTTECH.17.2.205
https://doi.org/10.21273/HORTTECH.17.2.205
https://doi.org/10.1016/j.molp.2019.01.019
https://doi.org/10.1016/j.molp.2019.01.019
https://doi.org/10.1111/j.1365-294X.2010.04708.x
https://doi.org/10.1111/j.1365-294X.2010.04708.x
https://doi.org/10.3389/fpls.2020.0078
https://doi.org/10.1101/gr.204800.116
https://doi.org/10.1101/gr.204800.116
https://doi.org/10.1111/jse.12495
https://doi.org/10.1111/j.1365-294X.2007.03567.x
https://doi.org/10.1111/j.1365-294X.2007.03567.x
https://doi.org/10.1016/j.egg.2018.03.005
https://doi.org/10.1016/j.egg.2018.03.005
https://doi.org/10.1002/ajb2.1550
https://doi.org/10.1111/j.1600-0706.2012.20673.x
https://doi.org/10.21273/HORTSCI.27.5.406
https://doi.org/10.1016/j.tplants.2021.02.003
https://doi.org/10.1016/j.tplants.2021.02.003
https://doi.org/10.1186/s13002-022-00543-7
https://doi.org/10.1186/s13002-022-00543-7
https://doi.org/10.1038/s41467-018-07920-5
https://doi.org/10.1038/s41467-018-07920-5


Zhou, C., Feng, Y., Li, G., Wang, M., Jian, J., Wang, Y., Zhang, W., Song, Z.,

Li, L., Lu, B., & Yang, J. (2021). The new is old: Novel germination

strategy evolved from standing genetic variation in weedy rice. Fron-

tiers in Plant Science, 12, 699464. https://doi.org/10.3389/fpls.2021.

69946

Zohary, D., Hopf, M., & Weiss, E. (2013). Domestication of plants in

the old world: The origin and spread of domesticated plants in

Southwest Asia, Europe, and the Mediterranean Basin. Oxford Univer-

sity Press. https://doi.org/10.1093/acprof:osobl/9780199549061.

001.0001
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