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An express route 
to perfection 
Ornamental plant breeders have the tools at their 
disposal to expedite breeding for specific traits
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By Ryan Contreras and  
Tim Rinehart

Norman Borlaug, father of the 
Green Revolution and recipient of the 
1970 Nobel Prize, once was asked, 
“How do you become a successful 
wheat breeder?” 
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Figure 1 — Researchers are learning to manipulate plant DNA in order to produce desired plant 
characteristics. For instance, the flowers of the tetraploid version of Rhododendron ‘Fragrant Affinity’ 
(left) are much larger than the flowers of the diploid version (right).  

“Well, you go to the field,” he 
replied. “You go to the field, you go to 
the field again, and then you go to the 
field. When the wheat plants start to talk 
to you, you know you have made it.” 

Dr. Borlaug’s quote emphasizes 
the importance of direct observation of 
field performance in wheat breeding. 
The same is true for breeding ornamen-
tals. When deciding whether or not to 
release a new cultivar, nothing takes 
the place of observing a plant’s perfor-
mance in multiple environments over 
several years. 

This is particularly true for long-
lived woody perennials. It makes breed-
ing these types of plants challenging 
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due to the extended timeline. However, 
modern plant breeders have tools at 
their disposal to make breeding more 
streamlined and efficient.

Flow cytometry
Researchers and breeders have been 

manipulating chromosome numbers 
in plants for decades, generally using 
chemicals to double the number of chro-
mosomes and make polyploid plants. 

Confirming polyploidy used to 
require measuring epidermal cells on 
leaves, measuring pollen size, count-
ing chromosomes of anthers or root 
cells with a microscope, and meticu-
lous observations of plant morphology. 
These methods are time-consuming and 
labor-intensive. 

Flow cytometers are high-through-
put instruments used to count cells. 
Plant breeders stain the DNA in plant 
cells and use flow cytometry methods 
to measure how much stain was incor-
porated in each cell. Sample prepara-
tion is simple, and it only takes a few 
minutes to measure the DNA content in 
thousands of cells from a single plant. 

Plants of the same genetic back-
ground that show more DNA are 
expected to have a proportional 
increase in chromosome number. These 
are identified as polyploids. Flow 
cytometry is accurate and easily repli-

cated, which makes the identification of 
polyploids among potential parents and 
offspring efficient and cost effective. 

So why do we care how much 
DNA a plant has? Doubling chromo-
somes can facilitate crosses that would 
not otherwise be possible. It can restore 
fertility in wide hybrids, create sterile 
plants, or alter the overall form, size, 
and architecture of a plant. 

Many researchers are using ploidy 
manipulation to develop sterile forms of 
nursery crops. Creating triploid plants 
that are sterile is well established in 
fruit crops, such as seedless watermel-
ons and bananas. 

The technique has been applied 
in ornamentals as well. Perhaps the 
best known of these are the rose-of-
Sharon cultivars developed by Don 
Egolf and released by the U.S. National 
Arboretum. These four cultivars remain 
available in the trade: ‘Aphrodite’, 
‘Diana’, ‘Helene’, and ‘Minerva’. 

Tom Ranney, plant breeder at 
North Carolina State University, recently 
released the Expressionistic™ Tutsans 
(Hypericum androsaemum), which are 
a triploid series of cultivars that have 
been shown to be seedless and thus 
non-invasive. 

A number of programs are 
attempting to utilize triploidy, includ-
ing Oregon State University. They are 

attempting to develop sterile forms 
of Norway maple (Acer platanoides), 
amur maple (Acer ginnala), trident 
maple (Acer buergerianum), common 
cherrylaurel (Prunus laurocerasus), 
and Portugese cherrylaurel (Prunus 
lusitanica), among other species.

Polyploid plants often exhibit 
altered morphology. The process of 
inducing polyploidy has the potential 
for developing unique forms for orna-
mental breeding. 

The flowers of tetraploids are often 
much larger than diploids. An example 
can be seen in Figure 1 (Page 47), 
which shows a tetraploid (left) form of 
Rhododendron ‘Fragrant Affinity’ with 
flowers roughly twice the size of the 
diploid (right). 

Doubling the chromosomes of 
some plants results in altered leaf mor-
phology, including thicker leaves due to 
larger cell size. In many conifers, par-
ticularly pines and other species with 
needle-like leaves, leaves of polyploidy 
plants are ofte n thicker and twisted. 

Figure 3 (next page) shows two 
tetraploid leaves (left) and two normal 
diploid leaves (right) of Japanese-cedar 
(Cryptomeria japonica). The overall 
architecture of polyploids may also be 
altered when compared to diploids.  

Polyploids of Hibiscus acetosella 
‘Panama Red’ have internodes that were 
roughly half as long, smaller leaves, 
and one-third the canopy volume; all of 
which resulted in plants that were more 
compact and denser, as seen in Figure 2. 

The effects of polyploidy are not 
always predictable. Nonetheless, increas-
ing chromosome numbers remains an 
effective tool for modern plant breeders, 
especially since flow cytometry methods 
can rapidly verify polyploidy plants.

Molecular genetics
Plants inherit traits the same way 

Gregor Mendel observed in his famous 
experiments with peas in the 1800s. 
Breeders select parents with one or 
more desirable traits and then look for 
superior combinations of these traits in 
their offspring. 
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Figure 2 — Doubling the chromosomes of plants can result in desirable characteristics. Breeders used 
polyploidy to give this Hibiscus plant smaller leaves and a tighter form.
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Seedlings must be rigorously 
evaluated for the desirable traits, and 
screened for negative traits that will 
also segregate among the progeny. 

As the number of traits to evalu-
ate increases, specific combinations of 
traits becomes increasingly rare and 
large numbers of seedlings must be 
screened. This is labor-intensive and 
time-consuming, especially if the traits 
are only expressed in adulthood, such 
as flower color in ornamental trees that 
have a long juvenility period. 

Some traits are masked by other, 
dominant genetic effects, and other 
traits can be destructive to observe, 
such as drought tolerance or disease 
resistance. 

Biotechnology offers the potential 
to associate important traits with bits 
of DNA, called markers. Breeders can 
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indirectly select for traits by screening 
seedlings for the markers that are posi-
tively associated with the traits they 
desire. Seedlings lacking the appro-
priate markers or containing markers 
associated with negative traits can be 
discarded immediately. 

Breeders using this strategy, called 
marker assisted selection (MAS), can 
make more crosses with the same 
resources and only keep progeny that 
are most likely to have desirable com-
binations of traits. These same markers 
can be used to DNA fingerprint culti-
vars, identify parents and hybrids, and 
unambiguously resolve breeding and 
plant patent issues (Figures 2 and 3).

Developing molecular markers is 
expensive, but costs have gone down 
considerably over the last decade. The 

Rya
n

 C
o

n
TReRa

s

Figure 3 — This image shows a difference between 
tetraploid leaves (left) and diploid leaves (right) 
of a Japanese cedar (Cryptomeria japonica). The 
leaves on the left are thicker and more twisted.
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same is true for the costs of high-
throughput DNA sequencing, where 
recent advances allow the genes and 
genomes of any crop to be analyzed. 
Sequencing all of the genes expressed 
in a plant under a variety of condi-
tions generates an enormous collec-
tion of markers tied directly to genes 
and traits. 

Because there are vast databases of 
DNA sequence data that is already asso-
ciated with genes and traits in plants, 
breeders can predict the effects of 
genes and markers in a wide range of 
ornamental genera. Even though breed-
ing is significantly accelerated, selecting 
for genes and markers in a particular 
ornamental crop still requires crossing 
parents and screening progeny. 

Conclusion
In the early 1900’s, plantsman 

Luther Burbank said, “Plant breeding, 
to be successful, must be conducted 
like architecture. Definite plans must 
be carefully laid for the proposed cre-
ation; suitable materials selected with 
judgment, and these must be securely 
placed in their proper order and posi-
tion. No occupation requires more 
accuracy, foresight and skill than does 
scientific plant or animal breeding.” 

Even if Luther Burbank was prone 
to exaggeration, as some breeders 
are, he recognized that plant breed-
ing is not just an art, or a pursuit that 
lies solely in the realm of serendip-
ity, chance, or luck. With the tools 
and technology that ornamental plant 
breeders have at their disposal, his 
sentiment is truer today than ever. 

Ryan Contreras is an assistant professor 
and ornamental plant breeder at Oregon 
State Unviersity in the Department of 
Horticulture. He can be reached at  
contrery@hort.oregonstate.edu or 541-
737-5462. Tim Rinehart is a research 
plant molecular geneticist with the 
USDA-ARS at the Southern Horticultural 
Laboratory in Poplarville, Miss. He can 
be reached at tim.rinehart@ars.usda.gov 
or 601-403-8766.
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