:' frontiers | Frontiers in Genetics

‘ @ Check for updates

OPEN ACCESS

Yongjie Wu,
Sichuan University, China

Jialiang Li,

Sichuan University, China

Dezhi Zhang,

Institute of Zoology (CAS), China

Yong-Peng Ma,
mayongpeng@mail.kib.ac.cn

This article was submitted to
Evolutionary and Population Genetics,
a section of the journal

Frontiers in Genetics

17 September 2022
26 October 2022
09 November 2022

Tian X-L and Ma Y-P (2022),
Horticultural applications of natural
hybrids as an accelerating way for
breeding woody ornamental plants.
Front. Genet. 13:1047100.

doi: 10.3389/fgene.2022.1047100

© 2022 Tian and Ma. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Genetics

Opinion
09 November 2022
10.3389/fgene.2022.1047100

Horticultural applications of
natural hybrids as an accelerating
way for breeding woody
ornamental plants

Xiao-Ling Tian® and Yong-Peng Ma?*

'Guiyang Institute of Humanities and Technology, Guiyang, China, 2Yunnan Key Laboratory for
Integrative Conservation of Plant Species With Extremely Small Populations, Kunming Institute of
Botany, Chinese Academy of Sciences, Kunming, China

KEYWORDS

hybrid swarm, natural hybrids, woody ornamental plants, rhododendron (Ericaceae),
SNP data

China has abundant woody ornamental plant resources comprising a large diversity of
families, genera, and species in the wild. There is also a great demand for woody
ornamental plants on the Chinese market. It has been estimated that China has the
largest production area worldwide (740,954 ha) for the production of woody ornamentals,
with a value of 8051 million EUR (AIPH, 2015). Despite Chinese traditional woody
cultivars (e.g., roses, Osmanthus, and Camellias), imported woody ornamental plants have
become dominant on the Chinese horticulture market. It should be noted that, in this
study, we exclude any woody ornamental plants found on the market without accurate
ancestral and/or breeding information, such as many azaleas on the Chinese market
(Chang et al.,, 2020). In contrast to the large diversity of wild resources, horticultural
applications of woody ornamental plants remain insufficient, due to long vegetative
cycles, making breeding challenging. Moreover, the unavailability of whole-genome
information and the difficulties in establishing genetic transformation systems for
most woody ornamental plants mean that potential applications of genome editing in
these plants have also been limited at present (Van Laere et al., 2018).

Most existing frameworks for breeding of woody ornamental plants have focused on
creation of new morphological variations, like classical/traditional cross breeding and
artificial polyploidization (Van Huylenbroeck and Van Laere, 2008). Currently, there are
few options to accelerate the breeding process, particularly for woody plants with long
vegetative cycles. We therefore raise natural hybrids as valuable candidates for solving the
problem and facilitating selection of new cultivars.

It is well recognized that natural hybridization occurs frequently in >25% of known plant
species (Mallet, 2005) and plays important roles in several aspects of evolution, including the
origins of new ecotypes or species, the origin and transfer of genetic adaptations, and the
reinforcement or breakdown of reproductive barriers (Rieseberg and Carney, 1998). Due to the
characteristics of different genetic combinations from parental species in natural hybrids, various
phenotypes for horticultural usage can be created, including different leaf types, flower shapes,
colors, and scents. However, this great potential of natural hybrids to act as a source for the
breeding of new cultivars has been often ignored, probably owing to the big gap in focus between
plant taxonomists and horticulturalists worldwide.
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FIGURE 1

Framework with a step-by-step approach for the rapid production of new cultivars from natural hybrids, using case studies from alpine

rhododendrons.

Whether these natural hybrids are a stable, long-term
phenomenon or a relatively recent occurrence, certain hybrid
genotypes will have been selected out because of genetic
other (eg, the BDM
incompatibility model, Coyne and Orr, 2004). Thus, those
natural hybrids with poor adaptability are effectively removed by

incompatibilities  and reasons

nature and the remaining hybrids that we find growing in the field
may be adapted to the local environment. With respect to this
aspect, using natural hybrids for the breeding of new cultivars is not
only time saving but may also result in fitter and more locally
adapted cultivars than those created by traditional open or
controlled cross-pollinations, which can often produce unfit
hybrids due to hybrid sterility and/or inviability.

Here, we develop a framework with a step-by-step approach
for the rapid production of new cultivars from natural hybrids
(Figure 1). We use case studies from alpine rhododendrons,
which have a much higher horticultural value than those of
azaleas (e.g., larger leaves, improved floral shapes, scents, and
various colors), but which take a longer time than azaleas to
flower (some azaleas can flower from seedlings within 2 years). 1)
Confirmation of natural hybrids by integrating morphological
and genetic evidence. For early generation hybrids, intermediate
morphological characteristics are often displayed (Ma et al,
2010a,b; Ma et al., 2014), and we have demonstrated that
most natural hybrids between Rhododendron delavayi and R.
irroratum in the Baili Scenic Reserve (in the western Guizhou
province) seem to have been detectable with adequate
morphological data alone (detailed statistical analysis of
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morphological data can be found in Marczewski et al., 2016).
Further confirmation of hybrids can be carried out using genetic
data (e.g., ISSR, AFLP, SSR, and SNPs). For example, principal
component analysis (PCA) implemented in GenAlEx 6.0
(Peakall and Smouse, 2006) and structural analysis of genetic
data can reveal genetic relationships between hybrids and parents
(Hubisz et al.,, 2009), and the genetic compositions of hybrids
from parental species, whereas NewHybrids (Anderson and
Thompson, 2002), together with data simulations, can clarify
six genotypes (two parents, F;, F,, and two backcrosses to F;) to
which natural hybrids may belong (Ma et al., 2014, 2019). If
sufficient molecular markers (e.g., SNP data) can be obtained, up
to 45 natural hybrid genotypes can be assessed (Milne and
Abbott, 2008). 2) Characteristic evaluation and introduction
of natural hybrids into botanical gardens or nurseries.
Through this step, natural hybrids with good ornamental
the
horticultural success of these natural hybrids also depends on

value and adaptations can be targeted. However,
their survival and easy vegetative propagation in alternate
habitats. Some work with regards to the introduction, and
domestication of these natural hybrids into a horticultural
be

propagation to obtain uniformity and stability in the

environment needs to performed. 3) Vegetative
horticultural characteristics of natural hybrids. In general,
stability in horticultural characteristics can be achieved
through rooting and grafting; although if these methods are
unsuccessful, tissue culture can be employed to fix the
characteristics. 4) New cultivar

ornamental application
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following guidelines of the DUS (distinctness, uniformity, and
stability) test and subsequent commercial demonstrations.
Although in the genomic era, integration of the genomic
(eg. GWAS
ornamental woods with availability of whole-genome information

technologies associated  trait  selection) for
will enhance selection efficiency, we are confident that our
framework can provide a reference and be beneficial to
colleagues, particularly those working toward breeding new
cultivars of most woody ornamental plants without whole-
genome information and establishment of genetic transformation
systems. Several new cultivars of Chinese indigenous plants
generated according to our proposed framework will be emerging
in the near future, and we hope that some of them will be
commercially competitive against the imported cultivars on the
Chinese flower market even before the successful application of

genome editing in woody ornamental plants in China.

Author contributions

X-LT and Y-PM conceived and wrote the manuscript.

Funding

This opinion was supported by the National Natural
Science Foundation of China (No. 31901237) and the Key

References

Aiph (2015). International statistics flowers and plants 2015. UK: Reading.

Anderson, E. C., and Thompson, E. A. (2002). A model-based method for
identifying species hybrids using multilocus genetic data. Genetics 160,
1217-1229. doi:10.1093/genetics/160.3.1217

Chang, Y., Tian, X., Zhang, C., and Ma, Y. (2020). Problems and thoughts on the
classification of Rhododendron cultivars in China. Word For. Res. 33, 60-65.

Coyne, J. A, and Orr, H. A. (2004). Speciation. Sunderland, MA: Sinauer
Associates.

Hubisz, M. J., Falush, D., Stephens, M., and Pritchard, J. K. (2009). Inferring weak
population structure with the assistance of sample group information. Mol. Ecol.
Resour. 9, 1322-1332. doi:10.1111/j.1755-0998.2009.02591.x

Ma, Y., Marczewski, T., Xue, D., Wu, Z., Liao, R, Sun, W, et al. (2019).
Conservation implications of asymmetric introgression and reproductive
barriers in a rare primrose species. BMC Plant Biol. 19, 286. doi:10.1186/
$12870-019-1881-0

Ma, Y., Milne, R. I, Zhang, C., and Yang, J. B. (2010a). Unusual patterns of
hybridization involving a narrow endemic Rhododendron species in Yunnan
(Ericaceae), China. Am. J. Bot. 97, 1749-1757. doi:10.3732/ajb.1000018

Ma, Y., Zhang, C.,, Zhang, J., and Yang, J. (2010b). Natural hybridization between
Rhododendron delavayi and R. cyanocarpum (Ericaceae), from morphological,

molecular and reproductive evidence. J. Integr. Plant Biol. 52, 844-851. doi:10.
1111/j.1744-7909.2010.00970.x

Frontiers in Genetics

03

10.3389/fgene.2022.1047100

Basic Research Program of Yunnan Province, China

(N0.202101BC070003).

Acknowledgments

The authors would like to thank Dr. Marczewski Jane for her
help with English modification of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer DZ declared a shared affiliation with the author

YM to the handling editor at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Ma, Y., Xie, W, Tian, X., Sun, W., Wu, Z., and Milne, R. 1. (2014). Unidirectional
hybridization and reproductive barriers between two heterostylous primrose species
in NW Yunnan, China. Ann. Bot. 113, 753-761.

Mallet, J. (2005). Hybridization as an invasion of the genome. Trends Ecol. Evol.
20, 229-237. doi:10.1016/j.tree.2005.02.010

Marczewski, T., Ma, Y., Zhang, X., Sun, W., and Marczewski, A. J. (2016). Why is
population information crucial for taxonomy? A case study employing a hybrid
swarm and related described varieties. AOB Plants 8. doi:10.1093/aobpla/plw070

Milne, R. I, and Abbott, R. J. (2008). Reproductive isolation among two interfertile
Rhododendron species: Low frequency of post-F1 hybrid genotypes in alpine hybrid
zones. Mol. Ecol. 17, 1108-1121. doi:10.1111/j.1365-294X.2007.03643 x

Peakall, R., and Smouse, P. E. (2006). Genalex 6: Genetic analysis in excel.
Population genetic software for teaching and research. Mol. Ecol. Notes 6, 288-295.
doi:10.1111/j.1471-8286.2005.01155.x

Rieseberg, L. H., and Carney, S. E. (1998). Plant hybridization. New Phytol. 140,
599-624. doi:10.1046/j.1469-8137.1998.00315.x

Van Huylenbroeck, J., and Van Laere, K. (2008). Breeding strategies for woody
ornamentals. Int. Symposium Woody Ornamentals Temp. Zone 885, 391-401.

Van Laere, K., Hokanson, S. C., Contreras, R., and Van Huylenbroeck, J. (2018).
“Woody ornamentals of the temperate zone,”. Editor J. Van Huylenbroeck,
Ornamental crops, handbook of plant breeding, 11. doi:10.1007/978-3-319-
90698-0_29

frontiersin.org


https://doi.org/10.1093/genetics/160.3.1217
https://doi.org/10.1111/j.1755-0998.2009.02591.x
https://doi.org/10.1186/s12870-019-1881-0
https://doi.org/10.1186/s12870-019-1881-0
https://doi.org/10.3732/ajb.1000018
https://doi.org/10.1111/j.1744-7909.2010.00970.x
https://doi.org/10.1111/j.1744-7909.2010.00970.x
https://doi.org/10.1016/j.tree.2005.02.010
https://doi.org/10.1093/aobpla/plw070
https://doi.org/10.1111/j.1365-294X.2007.03643.x
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://doi.org/10.1046/j.1469-8137.1998.00315.x
https://doi.org/10.1007/978-3-319-90698-0_29
https://doi.org/10.1007/978-3-319-90698-0_29
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1047100

	Horticultural applications of natural hybrids as an accelerating way for breeding woody ornamental plants
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


