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Secrets of the world’s most 
popular bedding plant unlocked
Boosted by next-generation sequencing technology, there is now an ever-growing list of fully sequenced 
plant genomes. Recent additions to this list are two presumed ancestors of Petunia hybrida, the most 
popular bedding plant worldwide. These genome sequences provide new information on a species at a 
key position in plant phylogeny, and support the use of petunia as a research model plant species.

Alexander R. van der Krol and Richard G. H. Immink

We all know petunias as colourful 
plants that brighten our gardens, 
balcony pots and public spaces. 

The genus Petunia belongs to the family 
Solanaceae, and petunia species find their 
natural habitat in the South Americas, 
ranging from Argentina to Uruguay and 
the low Andes. In the fashion of the early 
nineteenth century, many foreign plant 
species, including petunias, were imported 
into Europe to exhibit the exotic nature 
of plant life elsewhere in the world. There 
were, of course, no rules related to national 
genetic resources (now protected in the 
Nagoya Protocol), and so horticulturists 
were free to experiment with these exotic 
species. As a result, a whole range of novel 
ornamentals were generated — and one 
of the most successful crosses was that of 
the white-flowered and moth-pollinated 
Petunia axillaris with a species from the 
bee-pollinated Petunia integrifolia clade 
(which includes Petunia inflata) that 
has pigmented flowers. The offspring of 
these two petunia species have developed 
into the world’s most popular bedding 
plant, known as the common garden 
Petunia hybrida. Two centuries on, the 
continued commercial success of P. hybrida 
is due to its seemingly endless genetic 
potential for variations in flower colour and 
growth habit, its relative hardiness against 
light and temperature stresses, and its 
relative resistance against biotic stresses. The 
genetic basis for this phenotypic plasticity 
in P. hybrida has now been unlocked by 
the elucidation of the whole-genome 
sequences of inbred derivatives of its two 
wild parents, P. axillaris N and P. inflata S6, 
by an international consortium of research 
groups who all use petunia model species1. 
Petunia petals may be used to decorate 
our salads (if the flowers have been grown 
organically), but clearly petunia does not 

represent a staple food crop. So why would 
an ornamental plant be interesting as a 
model for plant research?

Impacts of pigmentation (1950s–1990s)
Before the age of molecular biology, 
genetic research of plants was especially 
well developed for pigmentation, because 
mutations altering this phenotypic feature 
are easy to score. For instance, it was the 
disruption of maize kernel pigmentation 
by mobile DNA elements that allowed 
for the discovery of transposons in the 
early 1930s — research for which Barbara 
McClintock was awarded the Nobel Prize in 
Physiology or Medicine in 1983. P. hybrida, 
with its pigmented petals, harboured the 
same research potential. Indeed, genetic 
research in petunia started in earnest in 
the 1950s with the description of different 

alleles affecting petal pigmentation. 
Moreover, the presence of clonal 
un-pigmented sectors in pigmented petunia 
petals revealed the presence of active 
transposons, similarly to maize. The petunia 
transposon system was characterized in 
the 1980s, and has subsequently been 
exploited to generate mutants for gene 
function elucidation. Around the same 
time, pigmentation was also studied in the 
ornamental plant Antirrhinum. However, 
petunia had one advantage over both maize 
and Antirrhinum: leaf cells of petunia 
are easily transformed by Agrobacterium 
and can be regenerated into whole plants. 
Therefore, at the onset of plant molecular 
biology and cloning of the first plant genes, 
it was possible to start gene function 
analysis by ectopic overexpression assays 
in petunia.
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When the gene for the key floral 
pigmentation enzyme chalcone synthase 
(CHS) was identified and cloned in the 
1990s, two different research groups on 
opposite sides of the world had the same 
idea: to test whether overexpression of CHS 
increases pigmentation and whether an 
antisense CHS gene can block pigmentation. 
Strangely enough, results from the two 
groups were initially not the same, even 
though they both used the same CHS 
gene and the same P. hybrida V26 for 
transformation. For the Amsterdam research 
group, the results were easy to explain: 
antisense CHS indeed blocked pigmentation, 
and the sense CHS gene did not increase 
pigmentation. However, the results of the 
group based in California were puzzling, 
as they found white flowers on both plants 
with an antisense and sense CHS transgene. 
The phenomenon of ectopic overexpression 
of a gene leading to suppression of both 
the endogenous gene and transgene was 
called co-suppression. The principle of gene 
silencing by an antisense RNA in plants 
had actually already been demonstrated, 
but only as a reduced band intensity on a 
Northern blot2. It was the visual impact 
of the altered petunia petal pigmentation 
that very much emphasized the potential of 
gene silencing as a technique to elucidate 
gene function. Later it was shown that both 
antisense and sense genes function through 
the production of double-stranded RNAs 
(dsRNAs) — the sense transgene due to 
insertion of inverted repeats of the transfer 
DNA (T-DNA) into the genome. These 
dsRNA strands can be cleaved by enzymes 

into smaller fragments, which are bound  
and provide sequence specificity to RNAses 
that cleave homologous messenger RNAs 
(mRNAs) present in the cell. We now know 
this as RNA interference (RNAi), different 
forms of which have since been discovered 
as additional layers in natural gene 
regulation. Moreover, RNAi has become a 
standard tool for targeted gene silencing 
in higher eukaryotes. The phenomenon of 
co-suppression in petunia is seen by many 
as the basis of the research leading to the 
elucidation of the mechanism of RNAi in 
Caenorhabditis elegans, for which the Nobel 
prize was awarded in 2006.

So what about those different results in 
Amsterdam and California? It turned out 
that gene silencing is in part dictated by 
environmental conditions. When petunia 
plants with sense CHS genes in (rainy) 
Amsterdam were given some extra light, 
many of them also turned white — just like 
the plants in sunny California3.

Petunia’s flower power (1990s–present)
Petunia researchers immediately took 
advantage of the novel gene silencing 
technology to study floral homeotic 
genes. Initial molecular genetic work in 
Arabidopsis and Antirrhinum by Coen and 
Meyerowitz4 resulted in a textbook ‘ABC’ 
model of flower development. However, 
investigations in Petunia hybrida proved 
to be essential for understanding variation 
in flower morphology and deviations of 
the underlying molecular mechanisms. 
For instance, the ABC model predicts the 
function of floral homeotic genes in two 

adjacent floral whorls, but in the petunia 
floral homeotic green petal (gp) mutant, 
only petals are affected. Moreover, based 
on analysis of the petunia FBP2 gene, the 
ABC model of flower development was later 
extended with an E-class that is essential for 
all four floral whorls. Probably even more 
striking were the observations in petunia 
related to the ‘A’ function, which specifies 
sepal and petal identity according to the 
ABC model. After meticulous research by 
Gerats5 and Vandenbussche6, the putative 
A-class homeotic function in petunia was 
reduced to a ‘cadastral’ function only, 
which restricts expression of C-class genes 
to the inner two floral whorls. In petunia, 
this cadastral function is executed by 
a microRNA called BLIND, instead of 
homologues of the Arabidopsis A-class 
genes7,8. Recent studies in other species 
suggest that this deviation of the model 
uncovered in petunia is the rule rather than 
the exception.

The different flower shapes, pigments 
and scents of wild petunia species relate 
to the different types of pollinators, 
which varies from bees and hawk moths 
to hummingbirds. This offers superb 
opportunities to study diverse pollination 
strategies compared with Arabidopsis 
(which self-pollinates). A large proportion 
of our global food source consists of seeds 
and fruits, for which yield depends on 
pollination. Because important pollinators 
are declining through climate change and 
pesticides9, insight into the ecology of plant–
pollinator interactions and understanding 
how plants adapt to different pollinators is 
essential to deal with this potential threat to 
our food security. In this respect, the petunia 
system has a lot to offer, as also demonstrated 
by the recent work of the Kuhlemeier lab, 
which provided molecular insight into the 
evolution of different pollination syndromes 
and plant speciation in petunia10.

Petunia branching out (2000–present)
Petunia is a good model in which to study 
the process of shoot branching. In P. hybrida 
V26, branching is day-length dependent, 
and various branching mutants had been 
studied by the end of the 1990s. Some of 
these DECREASED APICAL DOMINANCE 
(DAD) mutants encode biosynthesis genes 
for the plant hormone strigolactone, which 
is now recognized as a key signalling 
molecule in the control of branching. 
Perception of strigolactones was in part 
elucidated from the crystal structure of the 
α/β-fold hydrolase protein encoded by the 
petunia DAD2 gene11. The PhDAD2 protein 
was shown to bind and cleave strigolactone, 
subsequently allowing for an interaction 
with an SCF complex containing F-box 

Table 1 | An overview of Petunia research highlights.

Timeline Significant events
~200 million years ago - Petunia speciation into P. axillaris and P. inflata

~1830 - Import of Petunia species into Europe
- Petunia hybrida cultivars derived from crosses between P. axillaris  
and P. inflata

~1960 - Characterization of genetic loci involved in petal pigmentation
- Characterization of Petunia transposable elements and development of 
Petunia transposon mutagenesis

~1990 - First visible example of gene silencing using antisense or cosuppression of 
the key petal pigmentation gene chalcone synthase from Petunia
- Characterization of genes involved in Petunia vegetative and inflorescence 
meristem organization

~2000 - Characterization of the molecular mechanism of self-incompatibility in 
Petunia pollination
- First transgenic Petunia art by expressing a human gene in Petunia petal veins

~2010 - Characterization of the receptor and a transporter for strigolactones  
in Petunia
- Development of a P. hybrida cultivar with ‘black’ flowers

Present - Characterization of the molecular mechanism behind reproductive isolation 
of different Petunia species 
- Presentation of the full genome sequence of  P. axillaris and P. inflata
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protein PhMAX2A, which targets other 
proteins for degradation. While Arabidopsis 
and rice have a single MAX2 gene, petunia 
has two MAX2 orthologues, both of 
which can complement the Arabidopsis 
max2 mutant. The genomes of P. axillaris 
and P. inflata both contain two copies of 
PhMAX2, suggesting that this was already an 
early diversification in the MAX2 function, 
unique to petunia.

Another important discovery related 
to branching was the identification of 
an ABCG-type transporter (PhPDR1), 
which transports strigolactones across 
the plasma membrane12. High expression 
of PhPDR1 in so-called root passage 
cells links to interaction with arbuscular 
mycorrhizal fungi (AMF). Strigolactones 
secreted by passage cells stimulate 
AMF–root interaction, which is of particular 
importance for plants growing in soils with 
low nutrient availability. Understanding 
the reciprocal signalling between AMF and 
host plants is therefore relevant for potential 
crop improvement. In this respect, petunia 
surpasses Arabidopsis as a model species, as 
Arabidopsis is not a host for AMF.

More to a model
The examples above highlight only some of 
the petunia research that has contributed to 
our current understanding of plant biology 
(see Table 1), and illustrate the potential of 
petunia as a model species. As well as having 
a high-quality and well-annotated genome 
sequence, a model species is favoured by 
short generation times, limited greenhouse 
space requirements, easy transformation 
and regeneration, availability of mutants and 
simple mutagenesis protocols — all of which 
apply to petunia13. However, the fame and 
glory — or, indeed, demise — of a potential 
plant model species also depends strongly on 
its surrounding infrastructure. For petunia, 
a first step in this direction is made by public 
access to the genome and RNA sequence 
information via the Solanaceae genomics 
portal. Nevertheless, how much petunia 
transposon mutant lines will be under 
industrial control is currently unclear, but 
free and easy access to such resources is of 
utmost importance for a model species. And, 
regardless of how petunia will hold as a plant 
model species, it was heartening to see that 
the publication of the two ancestral petunia 

genomes1 was dedicated to Tom Gerats 
(now retired), who for many decades has 
stimulated the progression of petunia into a 
model system. Thanks to his tenacity, a long-
cherished wish of the petunia community 
has now been fulfilled. ❐
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