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Editorial on the Research Topic

From Functional Genomics to Biotechnology in Ornamental Plants

“Among roses there are many differences, in the number of petals, in roughness, in beauty of color, and in

sweetness of scent. Most have five petals, but some have twelve or twenty, and some a great many more

than these; for there are some, they say, which are even called ‘hundred-petalled.”’

(Theophrastus, ca. 350 B.C.)

Ancient civilizations around the world already selected, cultivated and exchanged plants because
of their distinctive or unusual flowers. This interest motivated, for instance, the domestication
of Dahlia species by the Aztecs (Treviño de Castro et al., 2007) as well as the breeding of
peonies in Imperial China and tulips in the Ottoman Empire (Kingsbury, 2009). Ornamental
plant breeding experienced significant advances during the seventeenth and eighteenth centuries
after the mechanisms of plant reproduction and hybridization were understood and commercial
routes exchanged plants and their products around the globe. Scientific advances and international
floriculture trade also drive the most recent breakthrough in ornamental plant sciences: The
complete sequencing of the genomes of Rosa chinensis, Aquilegia coerulea, Petunia as well as
Phalaenopsis and several other orchids (Cai et al., 2015; Bombarely et al., 2016; Chao et al., 2018;
Filiault et al., 2018; Raymond et al., 2018), facilitate both basic scientific research and motivate
the development of a biotechnological tool-kit for functional genomics. In this Research Topic, we
present a primer into the changing face of this area and its new applications to floriculture in the
twenty-first century.

FLOWER MORPHOLOGY, COLOR AND SCENT

Most of the 13 Original Research Articles in this Research Topic test hypotheses on the role of
specific genes in flower organ development and organization or in the synthesis of flower scent and
perianth color. Because genetic transformation is not feasible in most ornamental species, the three
studies dealing with flower development tap on a diverse repertoire of morphological mutants. This
strategy is not only helpful for developing biotechnological approaches in plant breeding, but it also
offers fascinating insights into plant developmental biology and phylogeny.
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In their article, Mitoma and Kanno analyzed the
developmental genetics of Habenaria radiata “Ryokusei”
(Orchidaceae), a mutant bearing greenish flowers and greenish
sepaloid organs in place of the reproductive organs. Comparison
of the patterns of expression of class C and class E MADS-
box genes between flowers of H. radiata wild-type and the
mutant suggest the suppressed expression of HrSEP-1 might
cause the unusual flower morphology. Further analyses of the
mutant revealed a retrotransposon insertion on the first exon
of HrSEP-1, which possibly explains its phenotype and suggests
an essential role of this gene in the development of petals and
labellum. Similarly to the study of Mitoma and Kanno; Cheon
et al. associated the sepal-like petal phenotype of old ornamental
azalea cultivars (Rhododendron, Ericaceae), to the insertion of an
LTR-retrotransposon in a class B MADS-box gene. The authors
found out that this insertion abolished the wild-type mRNA
sequences of the AP3/DEF homologs, thus conferring these
evergreen azaleas their sepaloid phenotype.

African violet (Saintpaulia ionantha) is characterized by
bilateral flower symmetry. Hsu et al. investigated the molecular
developmental genetics of perianth symmetry in this species
by comparing the patterns of expression of SiCYC1A and
SiCYC1B, orthologs of the transcription factor CYCLOIDEA
(CYC), in the wild-type and each of two peloric forms with
dorsalized actinomorphy (DA) or ventralized actinomorphy
(VA). The authors showed heterotopic expression shifts of
SiCYC1A/1B correlated with DA, whereas reduced expression
of SiCYC1A/1B is associated with VA. The authors suggest the
expression shifts might be caused by the activity of upstream
trans-acting factors or epigenetic regulatory mechanisms,
similar to those acting on CYC in the peloric mutant of
Linaria vulgaris (Cubas et al., 1999).

Scent is a key determinant of the commercial value of
pot and cut ornamental flowers. In this Research Topic,
two contributions investigate the genes encoding enzymes
mediating the synthesis of terpenes, volatile organic compounds
that contribute to floral fragrance and herbivore inhibition.
Chuang et al. compared the promoter fragments of geranyl
diphosphate synthase (GDPS), a key enzyme for monoterpene
biosynthesis, in 12 Phalaenopsis species or hybrids, to identify
the genetic regulatory mechanisms behind floral scent. The
authors concluded that in scented orchids the integrity of
a dual repeat motif in the GDPS promoter is crucial for its
activity. These findings are essential for the development of
molecular markers needed to accelerate breeding of scented
orchids and to study the genetic basis of scent-mediated
orchid-pollinator co-evolution. In lily (Lilium “Siberia”), Zhang
et al. investigated the contribution of rate-delimiting enzymes
1-deoxy-D-xylulose-5-phosphate synthase (LiDXS) and 1-
deoxy-D-xylulose-5-phosphate reductoisomerase (LiDXR), to
the synthesis of terpenes via the MEP pathway. The authors
demonstrated via transgenic overexpression of these enzymes in
tobacco flowers that they participate in the synthesis of mono-
and diterpenes.

Besides their role in the composition of flower scent, naturally
occurring terpenes and their derivatives have important
pharmaceutical applications. Specifically, terpenoid indole

alkaloids (TIAs), like vindoline are substrates for synthesis of
drugs used in chemotherapy. Employing an approach based on
RNA-seq, Liu et al. identified a novel AP2/ERF transcription
factor gene (CR1) from Catharanthus roseus (rose periwinkle,
Apocynaceae), which is involved in the regulation of TIAs
synthesis. Functional gene analysis of CR1 via virus-induced
gene silencing (VIGS) demonstrated its downregulation
increases the accumulation of vindoline and serpentine. The
authors propose this finding could be applied to increase
TIAs production.

Ornamentals with unusual flower colors have been selected
and bred for centuries. However, the genetics of each species
limits the palette of possible shades that can be obtained
by hybridization and mutagenesis. The transfer of genes of
interest between different species through genetic engineering
(GE), already enabled the production of transgenic blue
roses and carnations (Tanaka et al., 2010). Before any GE
ornamental variety is commercialized, it must meet regulatory
requirements involving molecular characterization and risk
assessment (Chandler and Brugliera, 2011). In this number,
Haselmair-Gosch et al. present detailed genetic, transcriptomic
and biochemical analyses of orange flowering GE Petunias
carrying a maize dihydroflavonol 4-reductase gene (A1). These
cultivars had to be recalled after it was discovered they originated
from transgenic parental lines. The study points out at one
possible source of the transgenic construct as well as the fact
that the A1 gene involved encodes a lowly expressed enzyme
with a low substrate acceptance. Thus, the unusual orange color
results from the formation of pelargonidin in the context of
a flavonol synthase and B-ring hydroxylation enzymes with
strongly reduced activities.

EPIGENETIC FACTORS BEHIND

PLANT MORPHOLOGY

Understanding the contribution of epigenetic factors to plant
phenotypic variance is essential to optimize molecular breeding
and cultivation strategies and assess the impact of climate
change in plant health and productivity. Ma et al. investigate
the relationships between epigenetic and genetic variances,
environmental factors and leaf dimensions of Prunus mume
(ornamental prune, Rosaceae). Statistical analyses of genetic
and epigenetic markers showed that epigenetic diversity was
higher than genetic diversity and the increase or decrease
of DNA methylation level might affect the expression of
genes that determine leaf development and metabolism. The
markers characterized facilitate considering epigenetic factors in
molecular plant breeding.

REGULATION OF PLANT PHYSIOLOGY

Phalaenopsis was the first CAM species with a completely
sequenced genome. In their contribution, Ping et al. investigated
the genetic causes behind the different types of photosynthesis
along the development of Phalaenopsis aphrodite (moth
orchid). During tissue culture, the young seedling performs C3
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photosynthesis and when leaves mature switches to CAM. The
authors found that the gene encoding phosphoenolpyruvate
carboxylase kinase (PPCK), is associated with the distinct
performance of CAM photosynthesis during seedling ontogeny.
This knowledge is relevant to optimize the micropropagation of
this genus.

In this issue, two contributions focus on the molecular
physiology of orchid seed germination. Mycorrhizal symbiosis
is essential for the germination of orchid seeds, including those
of Dendrobium officinale. Li et al. revealed the role of cell
wall structural hydroxyproline-rich glycoproteins (HRGPs). The
authors showed HRGPs are highly upregulated in symbiotically
germinated protocorms of D. officinale and inhibition of
their biosynthesis resulted in uncontrolled hyphae growth in
protocorms, suggesting a relevant role in the regulation of
symbiotic fungal colonization and compartmentalization.

Abscisic acid (ABA) has been shown to regulate stress
responses, seed dormancy, and seed germination. Lee et al.
characterized the expression of PtNCED1 (9-cis-epoxycarotenoid
dioxygenase), a candidate regulator of ABA biosynthesis, in
orchid Phaius tankervilliae. This study revealed a relationship
between PtNCED1 expression and biosynthesis of ABA in
developing orchid seeds, thus suggesting a link with the
rate of germination and the content of ABA in seeds. This
association is useful to further investigate the role of PtNCED1
in seed dormancy.

APPROACHES TO

GENETIC TRANSFORMATION

In this Research Topic, two studies describe techniques of
genetic transformation which open up new possibilities for

functional genomic analyses of Cyclamen (Primulaceae) and
Phalaenopsis in planta or in cellular culture. Specifically,
Ratjens et al. employed embryogenic callus cultures for
Agrobacterium-mediated transformation of Cyclamen persicum
and achieved transformation rates of up to 43%. Besides,
the study generated fluorophore-based marker lines useful to
follow the localization of auxin and reactive oxygen species
concentrations during somatic embryogenesis. In order to gain
an insight into genetic regulation in Orchidaceae, Lin et al.
developed and tested a method of transient gene expression
based on protoplast from Phalaenopsis aphrodite flowers. The
feasibility of this approach was demonstrated by testing multiple
hypotheses on gene regulation, protein-protein interactions,
and subcellular localization.
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