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1 | INTRODUCTION et al., 2021; Volk et al., 2021b). The first North American apple trees

were derived from either grafted clones of European cultivars or their

Heirloom apple (Malus domestica Borkh.) cultivars, that is, varieties
that were first named, replicated, and distributed over a century ago,
exist across much of the North American landscape. These cultivars
can be found in collections, commercial orchards, old homesteads,
backyards, and on public lands (Bunker, 2019; Dunbar-Wallis

seeds. These seeds represented new and unnamed genetic combina-
tions likely chosen from desirable European cultivar mothers. Once
matured from seedlings into bearing trees, some were selected for
their exhibited desirable attributes, such as bountiful yield, long stor-
age, appealing color, and enticing aroma. Commercial growers,
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breeders, and enthusiasts named such potentially valuable trees and
grafted them onto rootstocks to generate multiple trees with the
same set of characteristics. The earliest named cultivars in British
North America were these named selections, and over time, nurseries,
farmers, and others began to share or sell these cultivars to such an
extent that they spread widely. In this way, a genetically unique single
tree with a desirable combination of attributes could be transformed
into a cultivar of dozens to thousands of trees for farmers and con-
sumers in many regions to appreciate. Thousands of cultivars—named
and now considered heirlooms—were created and subsequently docu-
mented in North America (Bussey, 2016; Volk & Henk, 2016), includ-
ing those described in nursery catalogs that have been made available
through the National Agriculture Library (USDA, 2022a). Dozens of
cultivars were typically grown in each apple orchard until the early
1900s, and these trees provided long-term stability to farms and
homesteads as sources of human and animal food, juice for hard cider
and vinegar, and income from sales to local communities
(Dolan, 2009).

Remarkably, many apple trees and orchards planted by previous
generations are still alive today. Apple trees have an average lifespan
of 80-140 years, and many heirloom trees are nearing the end of their
lifespans. Most extant heirloom trees are distinct from those grown in
modern-day orchards. These heirloom trees are often larger, require
less maintenance, and may have fruit characteristics different from
those of modern cultivars. Together, these trees represent a second-
ary center of diversity for the crop beyond its Eurasian origin and add
to the agrobiodiversity of the continent (Diamond, 2010; Routson
et al., 2009; Volk et al., 2015). Community organizations, land man-
agers, and conservation groups have recognized the value of surviving
heirloom apple trees and have undertaken coordinated efforts to
locate, identify, and preserve aging trees before they are lost. But as
each old tree is found, the cultivar it represents is often unknown.
While many trees are cultivars that are already well preserved, others
might be the last survivor, with unique and valuable alleles or allelic
combinations. Accurate cultivar identification is critical for the success
of apple conservation efforts.

2 | APPLE CULTIVARIDENTIFICATION

Until recently, identification of specific apple cultivars required com-
parison of vegetative and fruit traits among possibly hundreds of trees
grown in a region. Phenotypic identification efforts are limited by the
knowledge of the identifiers, who are dependent upon local histories,
oral accounts, nursery catalogs, and personal familiarity with a wide
range of cultivars. The USDA commissioned a set of watercolor paint-
ings between 1886 and 1942, many of which have been scanned and
made available by the National Agriculture Library (USDA, 2022b).
The paintings were originally created to document the vast number of
cultivars and are still helpful for identifying heirloom trees today.
Additional key resources are the National Agriculture Library's digi-
tized nursery catalog collection (USDA, 2022a) and the “American
Fruit Book” (Cole, 1849), an early guide for orchardists and growers

that contains descriptions and generalized fruit shape outline draw-
ings of more than 250 cultivars and synonyms. Identification books
such as “The Apples of New York” (Beach, 1905) carefully defined
and described the morphological variation among apple fruit in gen-
eral and described and illustrated typical features of many cultivars. A
more recent landmark book describing apple cultivars is the seven-
volume “The lllustrated History of Apples in the United States and
Canada” (Bussey, 2016) that uses USDA watercolors and descriptions
of each cultivar's characteristics up to the year 2000-16,350 of them.
Online resources such as applename.com and fruitid.com can also be
used to identify cultivars; however, the number of cultivars contained
in those resources is limited. As with all fruit crops, some apple traits
vary with the environmental conditions under which they are grown,
thereby complicating the visual identification process.

Regional experts have developed detailed and time-consuming
methods to phenotypically identify common local cultivars. The first
step is determining if a tree is a cultivar that arose from grafting or if it
is a seedling tree that arose from its own seed and thus unlikely to be
named. Ten fruit from each tree are typically used in the identification
approach described in Method S1. Phenotypic apple cultivar identifi-
cation is difficult, however, because (1) some traits are highly variable
based on growth location, tree age, rootstock, and so forth; (2) many
cultivars are phenotypically similar; (3) there are many cultivar syno-
nyms (i.e., same cultivar and different names) that were not fully real-
ized until genotypic data became available; (4) information is sparse
for some heirloom cultivars; (5) each identification is onerous; and
(6) few people have acquired the necessary expertise.

DNA fingerprinting technologies have revolutionized the apple
cultivar identification process by using genotypic data instead of phe-
notypic data to determine the identity of trees of interest. The suc-
cess of genotyping for identification (Method S1b) is dependent upon
having reference DNA fingerprints available for large collections of
verified-identity cultivars, such as the reference specimens available
in genebanks (including the USDA National Plant Germplasm System
Apple Collection in Geneva, NY), heirloom orchards, and breeding col-
lections (Gutierrez et al., 2020). Small sets of microsatellite markers
were used to characterize apple cultivar collections (Gross
et al,, 2012; Guilford et al., 1997), which provided genotypic datasets
that then served as reference panels for identifying unknown cultivars
(Venison et al., 2022; Volk et al., 2021a, 2021b), cultivar synonyms,
and mislabeled accessions (e.g., Evans et al., 2011; Gross et al., 2012).
These genotypic datasets were useful but limited because of difficul-
ties such as comparing datasets among laboratories (Evans
et al.,, 2011; Gross et al., 2012; Venison et al., 2022). Despite limita-
tions, these efforts resulted in establishing the cultivar identities of
hundreds of heirloom trees in the North American landscape (Routson
et al,, 2009; Volk et al., 2021a, 2021b; Volk & Henk, 2016).

Recently, apple collections and breeding materials have been gen-
otyped using the new technology of single nucleotide polymorphism
(SNP) arrays. Apple SNP arrays (Bianco et al., 2014, 2016; Chagné
et al., 2012) have enabled robust comparisons of materials among col-
lections internationally and thereby facilitated development of large,

reliable reference panels. SNP arrays efficiently provide much higher
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genotyping resolution than microsatellite marker sets by dramatically
increasing the number of chromosomal positions assayed, enabling
pedigree reconstruction (Howard et al., 2017, 2021) that increasingly
ties apple cultivars together into a vast relationship network. Consid-
eration of a tree's pedigree information in the context of historical
information about a cultivar can be useful in ensuring correct identifi-
cation (Howard et al., 2017; Peace et al., 2021). Despite the power of
this new technique, most sports (spontaneous mutations with distinct
phenotypes) are still not genotypically distinguishable (Kumar
et al., 2022).

Genotyping of trees of interest in the US using SNP arrays has
been used to assign accurate heirloom cultivar names for old trees,
informing collection managers and heirloom apple organizations and
individuals. Washington State University's (WSU's) Department of
Horticulture is providing definitive answers to cultivar name mys-
teries for more trees and for a wider range of people than ever
before (Table 1) by offering SNP array-based investigation of culti-
var identity and parentage to the U.S. public on a cost-recovery
basis via the MyFruitTree project (Peace & Johnson, 2022). This
venture mobilizes the expertise of apple geneticists, collection man-
agers, growers, and historians to develop a large reference panel of
heirloom and modern U.S. cultivars. More than 500 publicly sub-
mitted samples in the previous 2 years have been merged with
international research datasets that include thousands of cultivars,
selections, and seedlings. For the hundreds of samples submitted
with cultivar names based on oral history or phenotypic identifica-
tion, a sixth were confirmed (with the same names or their known
synonyms already in the dataset), half were new additions to the
dataset, and a third were misnamed and matched instead to a dif-
ferent cultivar (Peace, 2021). For example, a tree from Maine that
was initially thought to be “Briggs Auburn” was genotypically iden-
tified as “Northwest Greening.” The original phenotypic identifica-
tion was based on available printed books and catalogs, and it was
assumed that “Northwest Greening” was a cultivar too recent for
consideration. In an example of historical synonyms, oral histories
identify many trees as “Gano” in SW Colorado that are genotypi-
cally “Ben Davis”—it is suspected that growers in the region had a
general bias against using the name “Ben Davis” when the trees
were originally planted. In some cases of confirmed identity, the
tree represented a cultivar that was historically documented but
thought extinct. Careful historic research, comparisons with prior
documentation, a unique DNA profile, and an appropriate pedigree
position provide confidence that an heirloom cultivar has been
rediscovered, such as the case with “Colorado Orange”
(Schuenemeyer & Schuenemeyer, 2022) and “Sary Sinap”
(NPR, 2021). For the hundreds of trees with unknown identity
tested by WSU's MyFruitTree project, cultivar names have been
determined for approximately half of them. For the other half of
the tested trees, while some were already known by the submitter
to be seedlings, many could be heirloom cultivars with their true
name still unknown. Results obtained from these efforts are helping
to broaden scientific knowledge about differences and relatedness

among cultivars.

3 | ANINTEGRATED APPROACH

A shared interest in heirloom apple cultivar identification has brought
together apple enthusiasts, ranging from scientists to historians to
conservation groups and members of the public. This community
(including all authors of this paper) has formed the Historic Fruit Tree
Working Group of North America (Video 1). The Working Group's
mission is to facilitate the conservation of fruit tree cultivars in North
America through documentation, identification, collaboration, and

education via the following activities.

1. Document the historical importance of fruit tree cultivars.

2. Verify cultivar identities using a standardized naming process
including DNA profiling.

3. Record conservation efforts and commercial availability of fruit
tree cultivars by developing collaborative, interoperable informa-
tion systems.

4. Create and maintain geographical cataloging tools for fruit tree
documentation.

5. Provide networking opportunities for the fruit tree conservation
community, including developing a public web interface that facili-

tates education and collaboration.

Recently, the Working Group developed and released mapping
tools to georeference and document named and yet-to-be-named
fruit trees of interest and historic orchards. The mapping platforms,
namely, the Fruit RegisTREE and Orchard RegisTREE, are publicly
available (Schuenemeyer et al., 2021; Uhlmann et al., 2021) and have
facilitated communication and fostered relationships among heirloom
fruit tree enthusiasts. The results of this first effort in building an
online community platform as well as ongoing mission-focused pro-
jects are expected to inform and educate fruit growers, breeders, stu-
dents, and community members about the importance, characteristics,
histories, and availability of heirloom cultivars. One potential draw-
back of this mapping method is that trees on private property could
be reported without the property owner's permission. Further, some
may use the map as a guide to trees for fruit gleaning purposes with-
out first seeking permission from owners. Efforts have been made
throughout the RegisTREE to encourage users to have all appropriate
permissions prior to mapping and visiting sites.

To determine the cultivar name of any tree of interest—
particularly once the tree has been added to the Fruit RegisTREE—
the Working Group has developed an integrated two-stage
approach (Figure S1). The first stage is to establish if the tree is
identical to a known cultivar. Phenotyping (such as comparing
against pictures and descriptors of a region's most common culti-
vars or using a diagnostic key) or genotyping (especially with a rel-
atively quick and cheap method such as small sets of microsatellite
markers) is conducted to efficiently identify the cultivar name
wherever possible. For trees that cannot be readily identified using
basic phenotyping or genotyping or to confirm the identity with
greater confidence, higher resolution genotyping with SNP arrays is

conducted via MyFruitTree. The second stage is to assign a cultivar
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TABLE 1 Example outcomes from SNP (single nucleotide polymorphism) array-based genotyping of U.S. apple trees

Possible
outcome Example
1. Adds a The cultivar “Colorado Orange” found by Montezuma Orchard Restoration Project
cultivar to the (MORP) and carefully compared to U.S. Department of Agriculture (USDA)
dataset watercolors, historical written descriptions, and wax apple displays at Colorado State
University, helped to phenotypically identify the fruit. DNA fingerprinting determined
this tree does not match any other in the large international dataset. Therefore, the
tree is likely to be “Colorado Orange” and represents a new addition to the dataset.
Photo credit: Montezuma Orchard Restoration Project.
See also the “Sary Sinap” that was rediscovered by the Lost Apple Tree Project
(NPR, 2021).
2. Adds a The “Lawver” cultivar was at first not in the dataset but was the predicted parent of

cultivar to the
dataset and
fills a
pedigree gap

DUNBAR-WALLIS ET AL.

three individuals in the dataset (and the predicted offspring of “Yellow Bellflower”).
Collaborator Nicholas Howard of the University of Minnesota made this deduction.

One of these offspring had breeding records indicating “Lawver” x “Mclntosh” as
parents. As the DNA profile for “Mclntosh™ was already in the dataset, the other

parent was assumed to be “Lawver,” represented by half the DNA profile of that
offspring. The samples from two unnamed trees submitted to MyFruitTree had
identical DNA profiles with each other and fit as the missing individual in the
pedigree. Photographic images of the fruit provided with the submitted samples
matched well with “Lawver” in the USDA Watercolor collection. Further evidence
came from two more recent sample submissions from MORP, both of which were
noted as being “poss. Lawver” based on phenotype. Photo credit: U.S. Department of
Agriculture Pomological Watercolor Collection. Rare and Special Collections, National
Agricultural Library, Beltsville, MD 20705

3. Confirmed The “Delicious” cultivar was widely planted in Boulder County, Colorado, USA, in the
cultivar name early 1900s. Several properties on remnant orchard sites have apple trees bearing
fruit with the distinctive five “lobes” near the basin. One particular former orchard
had planting records that included “Delicious.” DNA fingerprinting confirmed this
cultivar identity. Photo credit: Boulder Apple Tree Project.
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4. Identifies The cultivar “Ben Davis” was widely planted in the early 20th century but anecdotally |
historical fell out of favor due to a preference for other cultivars. Leaf samples from MORP
synonyms trees noted as “Ben Davis poss. Gano” were determined by DNA fingerprinting to be
(regional “Ben Davis.” Photo credit: U.S. Department of Agriculture Pomological Watercolor
names) Collection. Rare and Special Collections, National Agricultural Library, Beltsville, MD

20705
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TABLE 1 (Continued)

Possible

outcome Example

5. Refutation A tree that was thought to be “Briggs Auburn” in Maine, USA, based on available
that an old literature at the time (more information in Ch. 10 of Apples and the Art of Detection;
treeis a Bunker, 2019) is actually a “Northwest Greening.” Photo credit: John Bunker.
particular
old cultivar

6. Corrects A tree each of “Red Gem” and “Granny Smith Red” (known synonyms, maintained in
cultivar the Grove collection in Tasmania, Australia) were DNA-fingerprinted and at first
names in the added a new DNA profile to the dataset. This cultivar has its own recent origin story
dataset in Australia. Then an old tree growing at Steptoe Butte, Washington, USA, identified

as “Arkansas Beauty” was DNA-fingerprinted, and was identical to those “Australian”
trees. “Arkansas Beauty” originated in the late 1800s, probably in Arkansas. So it
appears that “Red Gem”/“Granny Smith Red” in Australia arose as a mislabeled or
forgotten import of the U.S. cultivar “Arkansas Beauty.” A parent is “Jonathan.”
Photo credit: U.S. Department of Agriculture Pomological Watercolor Collection. Rare and
Special Collections, National Agricultural Library, Beltsville, MD 20705

7. Cultivar name A tree from Boulder County Open Space, Colorado, USA, that grows along well-
determined traveled hiking trails and was not part of a known orchard planting but was very near
to known homesteading sites had a DNA profile matching “Winter Banana.” Photo
credit: Boulder Apple Tree Project.

8. Unknown This tree is known as BATP (Boulder Apple Tree Project) 498 does not match with any
cultivar known cultivar but has DNA fingerprint matches across Colorado, Montana, and
name but Wyoming. Therefore, it has been cloned and grown in multiple orchards and is likely a
further cultivar that was once commercially available. BATP 498 was determined to have
research “Grimes Golden” and “Wealthy” as parents, two popular cultivars in the region a
could uncover century ago. Photo credit: Boulder Apple Tree Project.
the identity

Note: Collection managers and other fruit enthusiasts have submitted leaf samples for hundreds of their U.S. apple trees of interest to MyFruitTree (Peace
& Johnson, 2022) over the last several years. Some samples arrive with cultivar names tentatively attached—many have provided new DNA profiles
additions to the international dataset, although confirming their name often requires further consideration of historical records, phenotypic features, and
pedigree revelations. Others have had their attached name confirmed. Still, others have been determined to not be the cultivar they were thought to be or
revealed an identity mistake in the dataset. Samples submitted without a cultivar name, unless they were a known seedling, often matched to known
cultivars, while others are suspected to represent heirloom cultivars—with historical research needed to uncover their identity.
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VIDEO 1 Apple exploration groups and individuals have joined
with scientists to form the collaborative “Historic Fruit Tree Working
Group of North America” to facilitate the conservation of heirloom
apple cultivars in North America through documentation,
identification, collaboration, and education. This animated map shows
the location of the current Working Group participants, the mission of
the group, and introduces some of the locations of historic trees as
found on the RegisTREE website.

Video content can be viewed at https://onlinelibrary.wiley.com/doi/
10.1002/ppp3.10307

Tree of Interest Provenance

name to trees unidentified in the first stage. If a tree is suspected
to be an heirloom cultivar that has not been identified before, evi-
dence is gathered by the proposer and evaluated by an expert
panel for the degree of alignment between the tree of interest and
the heirloom cultivar considering provenance, phenotype, and geno-
type as described in Figure 1.

4 | ACALLFORCOMMUNITY ACTION

Community access to genotyping, shared mapping resources, histori-
cal information, and phenotyping expertise, as well as reliable informa-
tion for each cultivar including parentage and origins, synonyms, and
observed and expected performance, has made it possible for a wide
range of engaged community members to become involved in apple
conservation activities. Figure 1 summarizes how interested people
can take action. Members of the public can become citizen scientists
in this venture by adding data, information, and knowledge including
(1) more apple tree and orchard locations through the Fruit
RegisTREE; (2) verification of cultivar identity of heirloom trees by
phenotypic and genotypic assessments (through MyFruitTREE); (3)
observations on cultivar performance in certain locations and years
(especially standardized phenotyping for highly heritable traits);
(4) additional discoveries of old trees representing lost cultivars; and
(5) further exploration and synthesis of historical records. Within aca-
demia, course-based undergraduate research opportunities provide
key avenues for heirloom apple conservation. For example, students
and volunteers in the Boulder Apple Tree Project locate and map

trees, collect and research oral histories, and compile morphological

Phenotyping

Genotyping

1. Make observations about your 1. Gather information
tree: about the tree's

a. Are you confident this is a context: oral history,
grafted tree? position in

b. Whatis the size (height, landscape/orchard,
trunk diameter), shape, and and history of the
form of the tree? location and region.

c.  When does the tree set fruit 2.  Make a list of what

and ripen? cultivars were known to
d.  What is the color and size of be grown in the region.
the fruit? 3. Connect with your

e. What do fruit taste like?
f. Is there anything unusual explorer group or your
about the fruit or tree? county extension
2. Note why this tree is interesting office.
to you.
3. Enter data on RegisTREE.

region’s apple tree

FIGURE 1
North America

Gather apple identification 1.  To clarify or confirm

keys, and books, or phenotypic identification, send
websites. leaves to a lab for simple
Collect at least 10 fruit. genotyping (e.g., with small
Examine fruit for microsatellite marker set).
phenotypic features and 2. If the tree does not match a
narrow down list of known cultivar after simple
possible cultivars. genotyping, submit for
Compare the possibilities high-resolution genotyping

to what is known to have (e.g., via MyFruitTree).

been grown in the area. 3.  If identity is still not

Consult with an apple determined, the tree can
identification expert for receive a new name that you
further verification assign or it can be submitted
(although they will often for consideration to be

want you to genotype assigned a particular heirloom
first). cultivar name.

Documenting and identifying your apple tree via the integrated approach proposed by the Historic Fruit Tree Working Group of

Community members and citizen scientists are welcome to join our efforts in identifying, cataloging, and preserving historic apple cultivars. Once
you have worked through the general features of your tree of interest and recorded it in the RegisTREE, if you are curious about its cultivar
identity, you can gather clues from its provenance to line up likely suspects. Next, with at least 10 fruits on hand, you can conduct phenotyping to
narrow down the possibilities and even find a match. Instead, or in addition to phenotyping, you can submit your leaf samples to a genotyping

laboratory for a fee.
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tree data (Dunbar-Wallis et al., 2021). At the College of the Atlantic,
faculty and students have mapped and documented hundreds of heir-
loom trees and seedlings. Online tools in development at WSU are
expected to enable anyone to explore and even deduce pedigree rela-
tionships among apple cultivars and inheritance paths of attributes of
interest. A planned one-stop Apple Cultivar Database will enable the
interested public to learn about local cultivars and where trees can be
obtained. Growers will be able to learn what performance to expect
from each cultivar. Cooperation among apple enthusiasts—including
seed and scion swapping groups, hobbyist organizations, citizen
scientists, conservation groups, and public institution educators and
research scientists—has created educational opportunities and
expanded knowledge about heirloom apple cultivars in the North

American landscape.

ACKNOWLEDGEMENTS

USDA is an equal opportunity employer and provider. This material is
based upon work supported by the National Science Foundation
Graduate Research Fellowship Program under Grant No. 1650115
and by the USDA National Institute of Food and Agriculture Hatch
project 1014919, Crop Improvement and Sustainable Production Sys-
tems (WSU reference 00011). Any opinions, findings, and conclusions
or recommendations expressed in this material are those of the
author(s) and do not necessarily reflect the views of the National Sci-
ence Foundation or USDA.

CONFLICT OF INTEREST

The authors have no conflict of interest to report.

AUTHOR CONTRIBUTIONS

ADW, AMJ, CPP, GMV, and JB contributed to drafting this manu-
script. ADW, AMJ, CPP, DC, and JB prepared the figures and support-
ing information. ADW, AMJ, AS, CPP, DB, GMV, LS, LP, RU, and TL-S
edited the manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Amy Dunbar-Wallis "= https://orcid.org/0000-0002-7911-585X
Gayle M. Volk "2 https://orcid.org/0000-0002-8652-9348

Alexandra M. Johnson "2 https://orcid.org/0000-0002-8419-5647

REFERENCES

Beach, S. A. (1905). The Apples of New York. J.B. Lyon, Albany, New York.

Bianco, L., Cestaro, A., Linsmith, G., Muranty, H., Denancé, C., Théron, A,,
Poncet, C., Micheletti, D., Kerschbamer, E., di Pierro, E. A,, Larger, S.,
Pindo, M., van de Weg, E., Davassi, A.,, Laurens, F., Velasco, R,
Durel, C.-E., & Troggio, M. (2016). Development and validation of the
Axiom® Apple 480K SNP genotyping array. The Plant Journal, 86,
62-74. https://doi.org/10.1111/tpj.13145

Bianco, L., Cestaro, A., Sargent, D. J., Banchi, E., Derdak, S., di
Guardo, M., Salvi, S., Jansen, J., Viola, R., Gut, I, Laurens, F.,

Chagné, D., Velasco, R., van de Weg, E., & Troggio, M. (2014).
Development and validation of a 20K single nucleotide polymorphism
(SNP) whole genome genotyping array for apple (Malus x domestica
Borkh.). PLoS ONE, 9, e110377. https://doi.org/10.1371/journal.pone.
0110377

Bunker, J. (2019). Apples and the art of detection (1st ed.). John P.
Bunker, Jr.

Bussey, D. J. (2016). The illustrated history of apples in the United States and
Canada. JAK KAW Press.

Chagné, D., Crowhurst, R. N., Troggio, M., Davey, M. W., Gilmore, B.,
Lawley, C., Vanderzande, S., Hellens, R. P., Kumar, S., Cestaro, A,
Velasco, R., Main, D., Rees, J., lezzoni, A., Mockler, T., Wilhelm, L., van
de Weg, E., Gardiner, S. E., Bassil, N., & Peace, C. (2012). Genome-
wide SNP detection, validation, and development of an 8K SNP array
for apple. PLoS ONE, 7(2), e31745. https://doi.org/10.1371/journal.
pone.0031745

Cole, S. W. (1849). The American fruit book. John P. Jewett. https://
books.google.com/books?id=MitHAAAAIAAJ&printsec=frontcover&
source=gbs_ge_summary_r&cad=0#v=onepage&qg&f=false Last
accessed March 4, 2022.

Diamond, D. H. (2010). Origins of pioneer apple orchards in the American
west: Random seeding versus artisan horticulture. Agricultural History,
84, 423-450. https://doi.org/10.1215/00021482-84.4.423

Dolan, S. A. (2009). Fruitful legacy: A historic context of orchard in the
United States, with technical information for registering orchards in the
National Register of Historic Places. Government Printing Office.
National Park Service

Dunbar-Wallis, A., Jaeger, D., Suding, K., Littman, P., Baumgartner, L.,
Prater, M., Schuenemeyer, A, Tuff, K, Hogstad, A. B., Alam, |, &
Corwin, L. (2021). Creating study-specific tools to increase community
and student engagement. Citizen Science: Theory and Practice, 6, 25.

Evans, K. M., Patocchi, A. Rezzonico, F., Mathis, F., Durel, C.-E,
Fernandez-Fernandez, F., Boudichevskaia, A., Dunemann, F.,
Stankiewicz-Kosyl, M., Gianfranceschi, L., & Komjanc, M. (2011). Gen-
otyping of pedigreed apple breeding material with a genome-covering
set of SSRs: Trueness-to-type of cultivars and their parentages. Molec-
ular Breeding, 28(4), 535-547. https://doi.org/10.1007/s11032-010-
9502-5

Gross, B. L., Volk, G. M., Richards, C. M., Forsline, P. L., Fazio, G., &
Chao, C. T. (2012). Identification of “duplicate” accessions within the
USDA-ARS National Plant Germplasm System Malus collection. Journal
of the American Society for Horticultural Science, 137, 333-342.
https://doi.org/10.21273/JASHS.137.5.333

Guilford, P., Prakash, S., Zhu, J. M., Rikkerink, E., Gardiner, S., Bassett, H.,
& Forster, R. (1997). Microsatellites in Malus x domestica (apple):
Abundance, polymorphism and cultivar identification. Theoretical and
Applied  Genetics, 94(2), 249-254. https://doi.org/10.1007/
001220050407

Gutierrez, B., Battaglia, K., & Zhong, G. Y. (2020). Preserving the future
with the USDA Plant Genetic Resource Unit tart cherry, grape, and
apple germplasm collections. Journal American Pomological Society, 74,
97-103.

Howard, N. P., Peace, C., Silverstein, K. A. T., Poets, A, Luby,
J. J., Vanderzande, S., Durel, C.-E., Muranty, H., Denancé, C., & van de
Weg, E. (2021). The use of shared haplotype length information for
pedigree reconstruction in asexually propagated outbreeding crops,
demonstrated for apple and sweet cherry. Horticulture Research, 8,
202. https://doi.org/10.1038/s41438-021-00637-5

Howard, N. P, van de Weg, E., Bedford, D. S., Peace, C. P,
Vanderzande, S., Clark, M. D., Teh, S. L., Cai, L., & Luby, J. J. (2017).
Elucidation of the ‘Honeycrisp’ pedigree through haplotype
analysis with a multi-family integrated SNP linkage map and a large
apple (Malus x domestica) pedigree-connected SNP data set.
Horticulture Research, 4, 17003. https://doi.org/10.1038/hortres.
2017.3

QSUAIIT SUOWWO)) dANEAI) d[qedridde oY) Aq PauIdAOS a1e $o[oNIER V() oSN JO $o[NI 10j AIeIqIT dul[uQ) AJ[IA\ UO (SUONIPUOD-PUE-SULI)/ WO K3[IM" AIeIqIour[uo//:sdni) Suonipuoy) pue suud |, dy) 39S [£202/10/0Z] uo Areiqry autjuQ L3 ‘LeIqr opesojo)) jO Ansioatun £q £og01 ¢ddd/zo01°01/10p/woo Kopim: Kreqrpourjuo yduy/:sdiy woiy papeojumod ‘[ ‘€207 ‘11972LST


https://orcid.org/0000-0002-7911-585X
https://orcid.org/0000-0002-7911-585X
https://orcid.org/0000-0002-8652-9348
https://orcid.org/0000-0002-8652-9348
https://orcid.org/0000-0002-8419-5647
https://orcid.org/0000-0002-8419-5647
https://doi.org/10.1111/tpj.13145
https://doi.org/10.1371/journal.pone.0110377
https://doi.org/10.1371/journal.pone.0110377
https://doi.org/10.1371/journal.pone.0031745
https://doi.org/10.1371/journal.pone.0031745
https://books.google.com/books?id=MitHAAAAIAAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com/books?id=MitHAAAAIAAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com/books?id=MitHAAAAIAAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://doi.org/10.1215/00021482-84.4.423
https://doi.org/10.1007/s11032-010-9502-5
https://doi.org/10.1007/s11032-010-9502-5
https://doi.org/10.21273/JASHS.137.5.333
https://doi.org/10.1007/s001220050407
https://doi.org/10.1007/s001220050407
https://doi.org/10.1038/s41438-021-00637-5
https://doi.org/10.1038/hortres.2017.3
https://doi.org/10.1038/hortres.2017.3

® |1

DUNBAR-WALLIS ET AL.

ts People Planet PP'P

Kumar, A., Sharma, D. P., Kumar, P., Sharma, G., & Suprun, 1. I. (2022).
Comprehensive insights on apple (Malus x Domestica Borkh.) bud
sport mutations and epigenetic regulations. Scientia Horticulturae, 297,
110979. https://doi.org/10.1016/j.scienta.2022.110979

National Public Radio. (2021). An apple detective rediscovered seven kinds
of apples thought to be extinct. https://www.npr.org/2021/06/11/
1005418986/several-types-of-apples-thought-to-be-extinct-have-
been-rediscovered last accessed March 2, 2022.

Peace, C. (2021). How genetically special is grimes golden x wealthy? Pre-
sentation at 3rd Boulder Apple Tree Symposium, Boulder, CO,
December 3, 2021. https://www.youtube.com/watch?v=
dBTjO0JGeCbY&t=1591s Last accessed March 2, 2022.

Peace, C., Bunker, J., Peck, G., & Howard, N. P. (2021). Foxwhelps and
Fauxwhelps: Insights from DNA profiling. Malus, 15, 30-37.

Peace, C., & Johnson, A. M. (2022). MyFruitTree. https://myfruittree.org
Last accessed March 10, 2022.

Routson, K. J,, Reilley, A. A., Henk, A. D., & Volk, G. M. (2009). Identifica-
tion of historic apple trees in the Southwestern United States and
implications for conservation. HortScience, 44(3), 589-594. https://
doi.org/10.21273/HORTSCI.44.3.589

Schuenemeyer, A., & Schuenemeyer, J. (2022). The elusive Colorado
orange, website:  https://mailchi.mp/496f029df0Oda/the-elusive-
colorado-orange-historic-watercolors-and-a-saved-wax-apple-
collection?e=%5BUNIQID%5D last accessed March 2, 2022.

Schuenemeyer, A., Uhlmann, R., & Castro, D. (2021). RegisTREE of North
America: Preserving our fruit and orchard heritage through documen-
tation, conservation, and collaboration. https://storymaps.arcgis.com/
stories/f2b89bbéecfb4414af7bc99e4bale0d3 Last accessed March
2,2022.

Uhlmann, R., Schuenemeyer, A., Castro, D., Bunker, J., Volk, G., Bussey,
D. J., Benscoter, D., Schuenemeyer, J., Cooper, J., Sieger, L., Dunbar-
Wallis, A, Little-Siebold, T., & Peace, C. (2021). Conserving heirloom
fruit trees: Introducing the RegisTREEs—New tools for cataloging fruit
trees and orchards in North America. Pomona, 54(4), 25-31.

United States Department of Agriculture. (2022a). USDA National Agricul-
tural Library Digital Collections. https://naldc.nal.usda.gov/all_
collections Last accessed March 2, 2022.

United States Department of Agriculture. (2022b). USDA Pomological
Watercolor Collection. https://naldc.nal.usda.gov/usda_pomological _
watercolor Last accessed March 2, 2022.

Venison, E. P., Litthauer, S., Laws, P., Denancé, C., Fernandez-
Fernandez, F., Durel, C.-E., & Ordidge, M. (2022). Microsatellite
markers as a tool for active germplasm management and bridging the
gap between national and local collections of apple. Genetic Resources
and Crop Evolution, 69, 1817-1832. https://doi.org/10.1007/s10722-
022-01342-5

Volk, G. M., Chao, C. T., Norelli, J.,, Brown, S. K., Fazio, G., Peace, C.,
McFerson, J., Zhong, G. Y., & Bretting, P. (2015). The vulnerability
of US apple (Malus) genetic resources. Genetic Resources and Crop Evo-
lution, 62, 765-794. https://doi.org/10.1007/s10722-014-0194-2

Volk, G. M., & Henk, A. D. (2016). Historic American apple cultivars:
Identification and availability. Journal of the American Society for Horti-
cultural Science, 141(3), 292-301. https://doi.org/10.21273/JASHS.
141.3.292

Volk, G. M., Magby, J., Henk, A., Miller, S., & Mazur, R. (2021a). Genetic
data inform Yosemite National Park's apple orchard management
guidelines. Plants People Planet, 3(2), 142-154. https://doi.org/10.
1002/ppp3.10152

Volk, G. M., Magby, J., Henk, A., Miller, S., & Mazur, R. (2021b). Genetic
fingerprinting identifies apple (Malus domestica Borkh.) fruit cultivars
in historic orchards on public lands. Genetic Resources and Crop Evolu-
tion, 68, 3133-3144. https://doi.org/10.1007/s10722-021-01175-8

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Dunbar-Wallis, A., Volk, G. M,
Johnson, A. M., Schuenemeyer, A., Bunker, J., Castro, D.,
Little-Siebold, T., Pendergast, L., Uhlmann, R., Sieger, L.,
Benscoter, D., & Peace, C. P. (2023). What's in a name? The
importance of identity in heirloom apple tree preservation.
Plants, People, Planet, 5(1), 39-46. https://doi.org/10.1002/
ppp3.10307

QSUAIIT SUOWWO)) dANEAI) d[qedridde oY) Aq PauIdAOS a1e $o[oNIER V() oSN JO $o[NI 10j AIeIqIT dul[uQ) AJ[IA\ UO (SUONIPUOD-PUE-SULI)/ WO K3[IM" AIeIqIour[uo//:sdni) Suonipuoy) pue suud |, dy) 39S [£202/10/0Z] uo Areiqry autjuQ L3 ‘LeIqr opesojo)) jO Ansioatun £q £og01 ¢ddd/zo01°01/10p/woo Kopim: Kreqrpourjuo yduy/:sdiy woiy papeojumod ‘[ ‘€207 ‘11972LST


https://doi.org/10.1016/j.scienta.2022.110979
https://www.npr.org/2021/06/11/1005418986/several-types-of-apples-thought-to-be-extinct-have-been-rediscovered
https://www.npr.org/2021/06/11/1005418986/several-types-of-apples-thought-to-be-extinct-have-been-rediscovered
https://www.npr.org/2021/06/11/1005418986/several-types-of-apples-thought-to-be-extinct-have-been-rediscovered
https://www.youtube.com/watch?v=dBTj0JGeCbY&t=1591s
https://www.youtube.com/watch?v=dBTj0JGeCbY&t=1591s
https://myfruittree.org/
https://doi.org/10.21273/HORTSCI.44.3.589
https://doi.org/10.21273/HORTSCI.44.3.589
https://mailchi.mp/496f029df0da/the-elusive-colorado-orange-historic-watercolors-and-a-saved-wax-apple-collection?e=%5BUNIQID%5D
https://mailchi.mp/496f029df0da/the-elusive-colorado-orange-historic-watercolors-and-a-saved-wax-apple-collection?e=%5BUNIQID%5D
https://mailchi.mp/496f029df0da/the-elusive-colorado-orange-historic-watercolors-and-a-saved-wax-apple-collection?e=%5BUNIQID%5D
https://storymaps.arcgis.com/stories/f2b89bb6ecfb4414af7bc99e4ba1e0d3
https://storymaps.arcgis.com/stories/f2b89bb6ecfb4414af7bc99e4ba1e0d3
https://naldc.nal.usda.gov/all_collections
https://naldc.nal.usda.gov/all_collections
https://naldc.nal.usda.gov/usda_pomological_watercolor
https://naldc.nal.usda.gov/usda_pomological_watercolor
https://doi.org/10.1007/s10722-022-01342-5
https://doi.org/10.1007/s10722-022-01342-5
https://doi.org/10.1007/s10722-014-0194-2
https://doi.org/10.21273/JASHS.141.3.292
https://doi.org/10.21273/JASHS.141.3.292
https://doi.org/10.1002/ppp3.10152
https://doi.org/10.1002/ppp3.10152
https://doi.org/10.1007/s10722-021-01175-8
https://doi.org/10.1002/ppp3.10307
https://doi.org/10.1002/ppp3.10307

	What's in a name? The importance of identity in heirloom apple tree preservation
	1  INTRODUCTION
	2  APPLE CULTIVAR IDENTIFICATION
	3  AN INTEGRATED APPROACH
	4  A CALL FOR COMMUNITY ACTION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


