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Abstract. The renowned horticultural artist and plant breeder Luther Burbank worked
with many species of plants. During his 50-year career, he introduced more than 800
cultivars, including more than 150 accessions of plums (Prunus spp.) in the late 1800s
and early 1900s. Burbank preferred using wide, interspecific crosses to create a vast
range of phenotypic variation and then artificially select from the extremes. Although a
great artist, Burbank was a substandard scientist because he was derelict in pedigree
note-taking. Although many of his introductions are extinct, hobbyists, enthusiasts, and
international collections retain nearly a third of the economically viable cultivars he
bred. For a century, many of his hybridizations remained inscrutable mysteries until
modern genomic and computational tools developed their resolution and statistical power.
Today, genotyping by sequencing (GBS) is a useful tool for pedigree reconstruction in the
absence of reliable records. GBS can inform principal component analyses, identity by de-
scent (IBD) kinship, and phylogenetic admixture, revealing complex relationships among
taxa. In this study, whole genome sequencing was performed on 53 Prunus taxa used by
Burbank in his breeding experiments in the most comprehensive genetic survey of his work
to date. Exact parent–offspring relationships between this population may be impossible to
discern due to years of back crossing, sibling mating, and open pollination. However, the
proportion of genomic similarity among these taxa provides information on the relatedness
of the genotypes in Burbank’s Prunus experiments, defining four primary lineages within
his breeding population. These lineages comprised primarily P. salicina and P. simonii but
also have influences from P. americana, P. cerasifera, P. domestica, and P. rivularis. The
prevalence of P. simonii in Burbank’s Prunus introductions appears to have been vastly
underreported, indicating that some of the seedstock founders of his breeding population
could have been P. salicina × P. simonii hybrids at the inception of his career. This research
has implications for pedigree reconstruction and prioritizing conservation in collections cu-
ration for future studies.

At the turn of the 19th–20th centuries,
Luther Burbank (1849–1926) was one of the
most prolific plant breeders of all time. He
was not a classically trained scientist but
rather a highly observant horticultural artist
(Dreyer 1993; Smith 2009). He had a keen in-
terest in generating wide crosses between dis-
tant relatives in hopes of shuffling genomes
and artificially selecting extreme or disruptive

phenotypes (Burbank et al. 1914), and as
such produced hundreds of thousands of
seedlings for evaluation (Topp et al. 2012).
Using this method, Burbank revolutionized
the human perception of what a plum could be
and commercially introduced more than 150
cultivars of plums, prunes, and plumcots in
40 years (Brooks and Olmo 1952; Hedrick
1911; Howard 1945; Karp 2015) (Supplemen-
tal Appendix 1). His breeding population of
plums included many intraspecific hybrids,
interspecific hybrids, and bud sports with a
huge range of phenotypic variation. Unfortu-
nately, Burbank kept poor breeding records
and relied instead on faded strips of clothing
tied to branches and his memory to track the
pedigrees of his plants (Dreyer 1993). Taking

good notes is essential for the reporting accuracy
and reproducibility of any plant breeding program.

For thousands of years, humans used phe-
notypes to inform decisions in plant breeding,
but eventually, this information reached a
plateau in its usefulness due to phenotype by
environment interactions. When first applied
as a technology, access to genomic data were
either too expensive to be worthwhile or was
limited in its predictive capabilities. Only
small regions of simple sequence repeats
(SSRs) could be processed computationally.
Analyses were confounded by polyploidy,
bud sports, non-Mendelian segregation, and
the ability of plants to express multiple
phenotypes from a single genotype. Today,
high-throughput genome sequencing is cost-
effective and covers much larger stretches of
the genome for association mapping or discov-
ering quantitative trait loci.

Filling in holes in pedigree notes with
comprehensive genomic data provides a rich
resource that is much more accurate than re-
lying solely on phenotypic breeding notes
alone (Luby et al. 2022). This technology is
valuable for the identification and characteri-
zation of germplasm in current breeding lines
in both conventional and organic settings.
When a desirable phenotypic trait is linked to
a genotype, plants can be screened in the
seedling stage through marker-assisted selec-
tion instead of waiting until the plant reaches
maturity, saving time and money for the
breeding program. Plant breeders without this
tool may have lower accuracy in parentage
reporting, depending on how meticulously
they kept records and how precise they are
with controlling the parents of their specific
crosses. These data are also used as a tool to
encourage the stacking of favorable alleles
while preventing inbreeding depression and
linkage drag in highly inbred populations
(Imai and Kuniga 2021). The identification
and characterization of germplasm in current
breeding lines is often informed by genomic
data, in both conventional and organic settings.

As plant breeders or curators retire and
pass their collections on to the next genera-
tion, it is important for incoming researchers
to sample the collection(s) broadly, establish-
ing a genomic baseline for their target popu-
lation. These data inform breeding choices
and identify goals for cultivar selection or pri-
oritizing conservation. Visualizing the rela-
tionships among the organisms in a breeding
population is accomplished through principal
component analyses (PCA), identity by decent
(IBD), and phylogenetic admixture. These
analyses provide information useful for par-
tially reconstructing pedigree notes where no
traditional notes and limited members of the
breeding population exist.

Including some wild-type relatives or
founders in the sampled population teases
out the differences in cultivars from bottle-
necked populations when visualizing the data
through PCA. For example, PCA performed
using data from eight SSR markers of Prunus
salicina and hybrids of P. salicina showed that
interspecific hybrids tend to cluster together
depending on their admixture of genotypes,
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each being pulled closer to their dominant an-
cestor by their shared components (Carrasco
et al. 2012), but when wild types or founders
of the population are included, the genetic
differences among the population become
easier to visualize. Kinship matrices have lim-
ited application in annual crops with a highly
structured population with controlled crosses
because the matrix can vary from generation
to generation depending on the stability of the
genome to phenome map for a trait of interest
(Van Tassel et al. 2022). However, they are
highly applicable to the reconstruction of pedi-
gree data because the genomes with multipar-
ental populations covering many generations
are considered fixed traits, especially in peren-
nial tree crops (Goudet et al. 2018). Phylogenetic
admixture is useful in surveying the breadth of
genetic diversity in germplasm collections, which
in turn helps prioritize conservation choices
where space is limited (Pikunova et al. 2022).

The primary goal of this research is to
look at how a population of 53 inter- and in-
traspecific Prunus taxa introduced by Luther
Burbank nearly a century ago are related to
each other using PCA, IBD, and phylogenetic
admixture. The population in this study is
presumed to have been comprised of six Pru-
nus species based on limited historical data
such as Burbank’s nursery catalogs (Howard
1945), Plums of New York (Hedrick 1911),
and the Register of New Fruit and Nut Culti-
vars 1920–1950 (Brooks and Olmo 1952).
For this reason, wild-type accessions of Prunus
simonii, Prunus domestica, Prunus americana,
P. salicina, Prunus rivularis, and Prunus cera-
sifera were included to elucidate rather convo-
luted relationships.

Materials and Methods

Location of taxa and phenotype data. A
comprehensive list of Burbank’s plum intro-
ductions is readily available (Howard 1945).
However, by going back into the primary
source material used by Howard to generate
this list, the names of six more plums that
were introduced by Burbank emerged (He-
drick 1911). Also missing from this list are
the taxa that were patented after Burbank’s
death by his widow Elizabeth in collaboration
with Stark Brothers. This target list was used
to hunt for specific cultivars through ARS
repository access, word of mouth, and local
California Rare Fruit Growers scion ex-
changes. Once a cultivar was located, old lit-
erature was searched for claims Burbank
made about their parentage as well as any
historical images that may accompany them
(Burbank et al. 1914; Brooks and Olmo
1952; Hedrick 1911; Howard 1945). Scions
of material found at exchanges or through
word-of-mouth were multigrafted onto ma-
ture trees with Prunus cerasifera ‘Myrobalan
29C’ as a universal rootstock at the Luther
Burbank Home & Gardens (LBHG) in Santa
Rosa, CA, USA. Historic maps were con-
sulted for cultivar names at Luther Burbank’s
Goldridge Experiment Farm (GR) in Sebasto-
pol, CA, USA. The GRIN Global Database and
map of the US Department of Agriculture

Agricultural Research Service National Clonal
Germplasm Repository’s (USDA-ARS-NCGR)
Wolfskill Experimental Orchard (WEO) plum
block were used for locating cultivars in their
collection.

Genomic characterization. Young leaf tis-
sue was collected from trees in the early
spring and stored in silica gel at room temper-
ature until sufficiently dry, then frozen at
–80 �C. The DNA extraction protocol fol-
lowed DNeasy Plant Kit from Qiagen (2006).
Whole genome sequencing was completed
using an ILLUMINA NextSEq. 500 with a
run of 328.6M spots, 28.6G bases, and 11.6Gb
downloads. Retrieved sequences were aligned
to P. salicina ‘Sanyueli’ (Liu et al. 2020). Sam-
ples with more than 90% missing data were
discarded. Approximately 50,000 single nucle-
otide polymorphisms (SNPs) were retrieved.
All genotypes were set to a minimum depth of
<5% missing, and then SNPs with >50%
missing were discarded using TASSEL5
(Bradbury et al. 2007). The final imputed data-
set contained 24,147 SNPs. Missing genotypes
were imputed using Beagle (Browning et al.
2018). Sequence data were deposited in the
Sequence Read Archive database at National
Center for Biotechnology Information as a
batch and can be accessed using the BioProject
Accession number PRJNA1032951.

Principal component analysis. PCA was
performed in TASSEL 5 using default param-
eters, and the resulting data were exported to
R for visualization using the R packages
“ggplot2” and “ggthemes” (Arnold 2021;
Wickham 2016). Admixture cluster data were
calculated using STRUCTURE for K values
of 2, 3, 4, 5, and 6 (Pritchard et al. 2009). Di-
agnostic plots which maximized L(K) and
minimized DIC (Ciofi et al. 2002; Evanno
et al. 2005; Gao et al. 2011; Hampton et al.
2004; Tonkin-Hill and Lee 2016; Vernesi
et al. 2003; Zeisset and Beebee 2001) were
used to select the optimal value of K 5 4.
These thresholds show the maximum statisti-
cally relevant value of K, where the benefit of
splitting the population into smaller pieces is no
longer beneficial. These data were added to the
PCA plot to visualize the relationships among
Burbank’s Prunus cultivars.

Heatmap. An identity-by-state (IBS) matrix
(Endelman and Jannink 2012) was generated
with the Kinship analysis function using default

parameters in TASSEL 5. The IBS matrix was
exported to R and was visualized using the
function pheatmap from the R package
“pheatmap” (Kolde 2019). Because these
most of these taxa come from a population
of related individuals, IBS is synonymous
with IBD. However, six wild ancestors
were included in this study to help tease
apart genetic relationships. In their case,
IBD was calculated from IBS following Ber-
nardo et al. (1996).

Phylogenetic trees. Phylogenetic relation-
ships were visualized as unrooted trees using
the Archaeopterix package within TASSEL 5
based on IBD values (Bradbury et al. 2007).
Pie charts were added to one of these trees to
display admixture.

Results

The phenotypic diversity in this popula-
tion incorporated various combinations from
yellow, red, purple, or blue for the exocarp
(Fig. 1); yellow, green, or red mesocarp; and
free or clingstone endocarps.

A kinship matrix based on IBD values of
all taxa revealed degree of genetic similarity
between the taxa (Fig. 2). Colors in this ma-
trix correlated to the impact from shared IBS.
Warm colors (yellow, orange, and red) showed
genotypes that were more alike. The intensity
of this color palate showed the genotypes that
share more rare alleles. Cool colors (whites and
blues) showed genotypes that were more likely
to have opposing alleles, indicating that their
genotypes were less alike. Somatic ploidy levels
for Prunus in this study include diploid species
(2n5 2x516) (P. americana, P. cerasifera, P.
rivularis, P. salicina, and P. simonii) and a hexa-
ploid nm.species (2n 5 6x 5 48) P. domestica
(Das et al. 2011; Glowaka et al. 2021).

Principal components (PCs) for the first five
components are reported for each of the taxa
(Supplemental Appendix 2). PCs 1 and 2, which
account for 32.65% of the cumulative proportion
(Table 1), were plotted against each other
(Fig. 3). Ellipses representing admixture
clusters were added to further visualize the
relatedness of each taxon.

A phylogenetic tree was generated using
Archaeopteryx (Han and Zmasek 2009), a
tree-visualization package nestled in TASSEL 5
(Bradbury et al. 2007; Glaubitz et al. 2014).

Fig. 1. Exocarp diversity in some of Burbank’s plum (Prunus sp.) introductions grown at the Wolfskill
Experimental Orchard in Winters, CA, USA, or the Luther Burbank Home & Gardens (LBHG) in
Santa Rosa, CA, USA. Each fruit is labeled with their cultivar name and accession number where
applicable below them. DPRU 5 Davis Prunus.
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Pie charts representing the admixture of each
genomic cluster for K 5 4 were added to
branches to illustrate the proportions of the

genome shared among the taxa represented
(Fig. 4). Clusters did not strictly adhere to
species but instead refer to breeding popula-
tion groups in general.

Another unrooted dendrogram with branch
lengths representing genetic distance was gen-
erated using Archaeopteryx (Han and Zmasek
2009), a tree-visualization package nestled in
TASSEL 5 (Bradbury et al. 2007; Glaubitz
et al. 2014) revealing the similarity and diver-
gence among taxa (Fig. 5).

Discussion

The combination of IBD kinship (Fig. 2),
PCA (Fig. 3), phylogenetic admixture (Fig. 4),

and genetic distance (Fig. 5) paints a congruent
picture of relatedness among Burbank-introduced
taxa. Although these analyses are not direct in-
dications of parent–offspring relationships in a
strict pedigree sense, they do provide insight
into the numbers of rare alleles shared among
this breeding population and the proportions
by which each taxa is connected in its relative
breeding clusters. Paradoxically, these clusters
did not directly correlate to individual species.
Clusters 1 and 3 appear to be iterations of both
P. salicina and P. simonii. Cluster 2 corre-
sponds to the European plums P. cerasifera
and P. domestica. Cluster 4 corresponds to the
American plums P. americana and P. rivularis.

Fig. 2. A kinship heat map of 53 Prunus taxa introduced by Luther Burbank shows their degree of genetic similarity based on identity by state calculated in
TASSEL 5. Ploidy of the taxa are indicated as gold (diploid, 2n) or maroon (hexaploid, 6n).

Table 1. Variation explained by the first five princi-
pal components (PCs) with proportion of total and
cumulative total for 53 Prunus taxa of a Burbank
breeding population generated using TASSEL 5.

PC Proportion of total (%)
Cumulative

proportion (%)
1 20.47 20.47
2 12.18 32.65
3 9.50 42.15
4 4.68 46.83
5 3.64 50.47
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Including more wild types of both P. salicina
and P. simonii is suggested to elucidate further
the importance of these species in the Burbank
Prunus breeding population.

The highest number of rare alleles are
shared between ‘Late Goose’ (DPRU.546)
(WEO) and Unknown 7 (GR) (Figs. 2, 4, and 5).
This is also reflected in the purple ellipse on
the PC plot (Fig. 3), covering the widest data
range. ‘Late Goose’ (DPRU.546) is one of
the wild relatives (P. rivularis Scheele) from
the Wolfskill Experimental Orchard that was
included to help tease apart the tangled geno-
types in this study, whereas Unknown 7 is an
older tree that either was planted by Luther
Burbank or is a seedling of a tree he planted,
located at the Goldridge Burbank Experiment
Farm. This is not a confirmation of the iden-
tity of Unknown 7 but does show a strong
connection between the two and a strong in-
dication that Unknown 7 from Goldridge is a
cultivar of P. rivularis.

Sister to the previous monophyletic group is
‘Chalco’ (DPRU.431) (WEO), which is listed
as Prunus spp. in the USDA-ARS-NCGR
GRIN Global database (Figs. 2, 4, and 5).
‘Chalco’ was bred and introduced by Burbank
in 1898. He reported it to be a ‘Simon’ ×
‘Burbank’ hybrid with perhaps some P.
americana in its 12-year breeding history
(Hedrick 1911), which is supported by the
admixture analysis, containing about equal
thirds of P. simonii, P. salicina, and a North
American plum, represented in this study by
‘Anderson’s Early Red’ (DPRU.843) (WEO)
(Figs. 3 and 4).

P. rivularis ‘Late Goose’ (DPRU.546)
(WEO) and Unknown 7 comprise mostly
Cluster 4 in the admixture analysis (Figs. 3
and 4). Phenotypically, these taxa have nearly
disease-free trees, small fruits with a yellow
mesocarp, and a freestone endocarp. Interest-
ingly, the exocarps of these fruits at maturity
are quite different; ‘Chalco’ (DPRU.431) is
black, ‘Anderson’s Early Red’ (DPRU.843)
is red, and ‘Late Goose’ (DPRU.546) is

yellow. In USDA hardiness zone 9b, these
fruits ripen in early to mid-June. The fruits
are highly perishable but also quite prolific.
The commercial value of these cultivars may
be restricted to using them as rootstock (Volk
2019).

Another group with shared rare alleles is
found in the taxa ‘Brookgold’ (DPRU.1736)
and ‘Perfection’ (DPRU.1720), both from the
Wolfskill collection (Figs. 2, 4, and 5). These
two taxa have an admixture comprised entirely
of Cluster 1 (Figs. 3 and 4). ‘Perfection’, once a
synonym for ‘Wickson’, was arguably one
of Burbank’s best plum introductions (Karp
2015). However, both the phenotype and geno-
type for this ‘Perfection’ (DPRU.1720) ac-
cession are vastly different from ‘Wickson’
(DPRU.2135). ‘Wickson’ is a large, pointy-
bottom P. salicina type (Fig. 1). ‘Perfection’
(DPRU.1720) from the Wolfskill is instead a
small, rounded phenotype of a P. salicina.
‘Brookgold’ (DPRU.1736) is a P. salicina
as well, which is supported by the genomic
data from this study, including the IBD heat-
map, PCA plot, and phylogenetic admixture
dendrogram. It is possible that the ‘Perfec-
tion’ (DPRU.1720) is mistakenly sampled or
propagated rootstock instead of the Perfec-
tion cultivar Burbank bred more than a cen-
tury ago.

This pair of taxa is sister to ‘Anderson’s
Early Red’ (DPRU.843), the P. americana
representative (Figs. 2, 4, and 5). ‘Anderson’s
Early Red’ (DPRU.843) has an admixture
comprising approximately three-quarters of
Cluster 1 and one quarter of Cluster 3 (Figs. 3
and 4). Both appear to have more disease resis-
tance, smaller fruit size, and high perishability,
making them limited in their degree of useful-
ness for a fruit consumption breeding program.
It is worth noting that diploid P. cerasifera
is reported as one of the progenitors of the
hexaploid species P. domestica (Zhebentyayeva
et al. 2019). As such, P. cerasifera works
well as a universally compatible plum root-
stock to both diploid and hexaploid taxa

despite limitations with its own fruit eat-
ing qualities.

The largest cluster of taxa with shared
rare alleles contains a combination of hexa-
ploid and diploid taxa (Figs. 2, 4, and 5). The
hexaploid P. domestica taxa in this group in-
clude ‘Grand Prize’ (DPRU.1572), ‘French’
(DPRU.436), and ‘Top of the Hill’ (GR). The
diploid taxa in this group are ‘Simon’
(DPRU.545) (WEO) (P. simonii), ‘El Do-
rado’ (DPRU.2122) (WEO) (P. simonii ×
OP), ‘Vesuvius’ (DPRU.2108) (WEO) (P.
cerasifera), ‘Burbank’ plumcot (historically
reported as P. salicina × P. armeniaca, Gold-
ridge accession) and Pcot Edibles (LBHG ac-
cession). These taxa all have a primary
admixture of Cluster 2 (Figs. 3 and 4). The
phenotype of Pcot Edibles appears visually
as an intermediate between a P. domestica
with its dark blue exterior and greenish yel-
low mesocarp, and P. simonii with its fruit
texture and small, round, freestone endo-
carp. More work is needed to see the corre-
lation between the genotype and phenotype
in this group.

The only other taxa to have Cluster 2
present in its admixture is ‘Sans Noyau’
(DPRU.2419) (WEO) which appears on the
opposite side of the unrooted circular dendro-
gram (Figs. 2–5). ‘Sans Noyau’ (DPRU.2419)
and ‘Original Stoneless’ (DPRU.2302) (WEO)
are both intriguing cultivars because their endo-
carp is reduced to a small, lignified remnant of
the funiculus. Burbank’s breeding goal was to
make these like almond-stuffed prunes, but
he was unable to accomplish that goal in his
lifetime. A century later, researchers are still
attempting to achieve true stonelessness in
hexaploid plums, now with modern molecular
techniques to assist them (Callahan et al. 2015;
Galimba et al. 2020).

‘Shiro’ from Goldridge and ‘Great Yellow’
from LBHG share a considerable number of
rare alleles (Figs. 2, 4, and 5). The ‘Shiro’
(DPRU.2132) accession from Wolfskill
showed a paraphyletic relationship with these
sister taxa. The ‘Great Yellow’ (DPRU.2105)
Wolfskill accession was located much more
distantly on the dendrogram, appearing geneti-
cally to be much more like the plumcot ‘Apex’
(DPRU.1170) (WEO), introduced by Burbank
in 1911. ‘Shiro’ is a plum Burbank bred and
introduced in 1899 (Supplemental Appendix 1)
that is still readily available today through vari-
ous tree nurseries. ‘Great Yellow’ is a Burbank
plum that was bred by him but was introduced
and patented posthumously by Stark Brothers
in 1931 (US plant patent 13, Supplemental
Appendix 1). Given the decades-long distance
between their introductions, one would pre-
sume their genotypes to be more distinct than
indicated by the clade of Goldridge ‘Shiro’
and LBHG ‘Great Yellow’. It may be that
‘Great Yellow’ from LBHG was a mislabeled
accession of ‘Shiro’ when offered at a Califor-
nia Rare Fruit Growers scion exchange.

‘Botanky’ (DPRU.372) (WEO) and P. si-
monii (DPRU 2430) (WEO) share some rare
alleles (Figs. 2, 4, and 5). Burbank had three
introductions named with different iterations
of the word “Botan.” For this reason, the accession

Fig. 3. Principal component (PC)1 and PC2 eigenvalues plotted for 53 Burbank-introduced Prunus taxa
with admixture cluster groups (K 5 4) highlighted by ellipses.
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‘Botanky’ (DPRU.372) was included in this study.
These were direct introductions after Burbank
received seed from a bulb broker in Japan, with
artificial selection from the seed population
done as a simple phenotyping followed by
immediate cultivar release without additional
breeding. In the USDA-ARS-NCGR Wolf-
skill plum block map, ‘Botanky’ (DPRU.372)
is listed as Prunus spp., possibly P. salicina.
P. simonii (DPRU 2430) is listed as a wild-
collected accession.

These two taxa are nested within a clade
that contains rare allele signatures for ‘Sat-
suma’ (DPRU.438) (WEO), two accessions
of ‘Mammoth Cardinal’ (WEO-DPRU.2127
and LBHG), ‘Apex’ (Goldridge), and ‘Formosa’
(LBHG) (Figs. 2, 4, and 5). ‘Mammoth

Cardinal’ was patented and introduced by
Stark Brothers in 1934, 8 years after Burbank’s
death (US plant patent 16). ‘Mammoth
Cardinal’ is characterized by its red exocarp,
yellow mesocarp, and small, freestone endo-
carp, indicating visually that it might have a
P. simonii ancestry (Fig. 1). ‘Formosa’ was
bred by Burbank and then introduced in 1907.
It resembles ‘Mammoth Cardinal’ but has a
thicker bloom on its skin (Fig. 1). ‘Apex’ was
touted as an early plumcot introduction, being
bred by Burbank and introduced in 1911.
‘Apex’ is highly prolific, freestone, and early
ripening. It has a complex flavor profile which
may be attributed to either P. simonii or
P. armeniaca.

All these taxa are sister to ‘Abundance’
(DPRU.919) (WEO) (Figs. 2, 4, and 5).
‘Abundance’ and ‘Satsuma’ were both direct
introductions of Burbank’s, and all have an ad-
mixture comprising almost entirely Cluster 3
(Figs. 3 and 4). ‘Abundance’ was first re-
leased under the name ‘Botan’ in 1888 and
is sometimes confused with the ‘Abun-
dance’ plumcot Burbank released many
years later. ‘Abundance’ seems have an
important genotype for increasing yield,
producing bountiful crops, although the
fruit is highly perishable and thus not ideal
for commercial settings. ‘Satsuma’ was a
directly introduction in 1886. The pheno-
typic influence of this taxon is visible in
the red flesh of many of his other plums.

Fig. 4. A circular dendrogram representing the unrooted relationships among 53 Burbank Prunus taxa based on identity by descent calculations, combined
with admixture pie charts from cluster analysis.
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Again, it is important to note that the di-
rect introductions were the result of grow-
ing a seed until it could be phenotyped and
distributed, and not the products of Bur-
bank’s breeding experiments, although he
is credited with their introduction as the

person who artificially selected from the
seedling population and then marketed
them.

A paraphyletic group that has similar taxa
present appears to have shared rare alleles
from a genomic background containing both

P. salicina and P. simonii (Figs. 2, 4, and 5).
The first contains ‘Elephant Heart’ (Goldridge),
‘El Dorado’ (Goldridge), and ‘Improved
Satsuma’ (LBHG) as a monophyletic group.
The second monophyletic group contains
‘Elephant Heart’ (DPRU.2123) (WEO) and
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Fig. 5. An unrooted dendrogram of 53 Prunus taxa introduced or used in breeding experiments by Luther Burbank based on identity by descent values with
branch lengths indicating genetic distance.
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two accessions of ‘El Dorado’ (LBHG) that
were collected at different scion exchanges.
This indicates the two LBHG ‘El Dorado’
accessions are likely the same. In general,
they differ drastically from ‘Elephant Heart’
in phenotype. ‘El Dorado’ is a freestone,
rounded plum with black exocarp (skin) and
golden mesocarp (Fig. 1). The skin has quite
a bit of waxy bloom. ‘Elephant Heart’ is a
pointy-bottomed plum with a thickly waxy,
purplish exocarp and a red mesocarp (Fig. 1).
‘El Dorado’ was introduced by Burbank in
1904 and continues to be a readily available
cultivar through scion exchanges and heir-
loom fruit tree nurseries. It can be picked
firm and ripened off-tree, making it ideal for
commercial production. ‘Elephant Heart’ was
introduced by Stark Brothers in 1929, 3 years
after Luther Burbank died. Phenotypically it
has a strong resemblance to ‘Satsuma’ but is
considerably larger.

Conclusions

As a prominent horticultural artist who
was derelict in his notetaking, Luther Bur-
bank left many mysteries to solve. Nearly a
century later, genotyping by sequencing pro-
vides us with a looking glass to view the re-
latedness of his introductions, making his
haphazard style of breeding more accessi-
ble to those who prefer a more comprehen-
sible approach. In some cases, these data
support his claims of parentage; in others
they refute his claims or leave more ques-
tions to be answered. Although this re-
search is not a definitive pedigree map of
Burbank’s Prunus introductions, it is a
valuable baseline to build from. Future
work should include a broader panel of
P. salicina and P. simonii to define their
genetic differences, which could further
parse out the prevalence of species com-
position in this breeding population.

Identity by descent, PCA, and phyloge-
netic admixture are powerful tools that pro-
vide a roadmap for researchers deciphering
inherited breeding populations, establishing a
genomic baseline, guiding artificial selection
decisions, or, for curators of collections, pri-
oritizing the conservation of rare and useful
alleles in spaces that are accessible to the
broader scientific community.
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