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Part of the Solanaceae family, petunias possess a
wide range of flower colors and patterns. In this
study, we crossed two types of petunias i.e., the
single blackberry (as a female parent) and double
(male parent). Seeds obtained from this cross were
grown and the phenotypic characters of 85 plants
were analysed including the number of days of first
flower emergence, flower diameter, peduncle
length, number of flowers, number of branches,
plant height, pollen color, number of petals (single
or double flower), and petal color. Of particular
interest is that the double flower inherited the F1
generation and recorded 54.1%, the single flower
recorded 45.9%, and a wide range of flower colors
were light pink to dark purple. It was noted that
67.1% of the plants had light purple pollens and
32.9% showed yellow colors. Based on the
coefficient of variation (CV) and box plot analysis,
the flower diameters showed moderate variability
than other traits. Principal Component Analysis
(PCA) revealed distinct patterns and associations
among phenotypic traits. PC1 primarily reflected
several traits such as plant height, number of
flowers, flower diameter, and single or double
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petunias. However, PC2 was predominantly
influenced by pollen and petal color, stem length,
number of days of first flower emergence and
number of Dbranches. Besides, data clustering
analysis also identified distinct clusters based on
phenotypic traits in the petunia population, which
can be exploited for future breeding programs.

Keywords: Petunia hybrida, Cross breeding, Germplasm, Commercial cultivars.
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Introduction

Petunias belong to the Solanaceae family and are among the most annual
floricultural crops that originated in South America. It is believed that Petunia hybrida
was generated from an interspecific hybridization between two petunia wild parents,
Petunia axillaris and Petunia integrifolia (or its related species Petunia inflata) (29).
Petunia species differ significantly in terms of plant size and shape, as well as flower
color and morphology. Commercial petunia cultivars do not produce seeds without
insect or manual pollination due to heteromorphic self-incompatibility (23). Usually,
the female parts of double petunias are sterile, which mean that they have an inbreeding
depression. Petunia axillaris is native to South America and exhibit small, white, and
highly fragrant flowers pollinated by hawkmoths. On the other hand, Petunia
integrifolia, also originating from South America, display larger, non-scented funnel-
shaped flowers with a variety of colors, including shades of purple, red, and pink that
are pollinated by bees (14). There is, however, the possibility of manual cross-
pollination of natural petunia species. Breeders use interspecific hybridization to create
genotypes that combine novel characteristics from other species; it involves crossing
species as well as genus barriers. New phenotypes have been developed through
heterosis, some cultivated traits improved through cross-breeding between species (7),
and also used to overcome the self-incompatibility phenomenon (9 and 31). In the 19th
century, through the first interspecific crosses, Petunia hybrida or the garden petunia
was produced. In addition, European breeders crossed multiple accessions of the wild
parent species to produce the first hybrids (26). Commercial petunias have undergone
intense breeding since the first interspecific hybridizations resulted in modern varieties
of flower traits. Petunia types exhibit enormous variations due to the introgression of
mutant alleles from wild species and new mutations occurring during breeding
programmes (12).

Renowned for its vibrant and diverse array of flower colors and patterns, the petunia
has become a widely cultivated ornamental plant in gardens, parks, and hanging
baskets worldwide. Its captivating blooms and versatility in various growing conditions
make it a favorite choice among gardeners, horticulturists, and plant enthusiasts.
Today, cultivars of petunia are found in an astounding range of colors including whites,
yellows, pinks, mauves, reds, magentas, lavenders, and purples with one notable
exception of blue. During development, color can be easily quantified and monitored
in different tissues. Numerous studies show that flower color is important to pollinators
(33) and some have directly linked single genes to pollinator preference (15). The
floriculture industry values petunia as an ornamental plant with global commercial
value (1). There is a strong demand for this plant in the ornamental plant market,
ranking first in auctions and reaching an annual value of US$130 million (3). This is
due to seed demand in several countries, such as the Netherlands, Poland, and Germany
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which import 31.25 kg, 7.3 kg, and 4.16 kg per month, respectively (19). An intriguing
aspect of petunias is their floral morphology, specifically the occurrence of single and
double flowers. Several studies have identified key genetic and molecular factors
associated with single and double-flower formation in petunias. The double-flower trait
is often associated with mutations or alterations in floral organ identity genes, such as
the class B and class C genes. These genes regulate the development of petals and
stamens, and mutations in them can lead to the conversion of stamens into petals,
resulting in the formation of extra petals and a double flower appearance (27).

Research shows that mutations in genes like DEFICIENS (DEF) and GLOBOSA
(GLO) can lead to double flower formation by disrupting the balance between petal
and stamen development (34). The single and double flower traits in petunias have
significant implications for horticultural purposes. Double-flowered cultivars are often
favored for their ornamental value due to their showy and fuller appearance. They are
commonly used in floral displays and landscaping projects to add visual interest and
color. Single-flowered cultivars, on the other hand, might be preferred in certain
scenarios where a more natural or understated aesthetic is desired.

Currently, there are many commercial petunia cultivars available around the world
as a result of vigorous breeding works. Unfortunately, there have only been limited
attempts at petunia breeding in Irag (23). Double petunia seeds are extremely costly
and the flowers are very attractive. However, as the female part is sterile it is unable to
produce seeds. Therefore, this research is a preliminary attempt at improving petunia
breeding, specifically on developing double petunias. The findings of this study can
aid in the development of suitable ornamental germplasm for future breeding programs
and commercial exploitation either for the local or export markets.

Materials and Methods

Plant material: This research was conducted at the Horticulture Department, College
of Agricultural Engineering Sciences, University of Sulaimani, Iraq, from October
2022 to May 2023. Earlier, two cultivars of double petunias, one with a purplish pink
(male) color and the other a single purplish black (female) color, were grown. As the
double petunia was female sterile, it was used as the male parent, and therefore
reciprocal crosses were not possible. The two cultivars were compatible together and
their seeds were harvested and grown. A total of 85 F1 progenies plants were used in
this study and grown in a greenhouse at a temperature of 24/22°C at 16/8 hr day/night
cycles. The seeds were placed on the surface of peat moss contained in a small pot with
a transparent cover as petunia seeds require light for germination. After two weeks, the
seedlings were transferred to the seedling tray and then to the bigger pot after they had
reached the appropriate sizes.

Phenotypic traits measurement: Full-bloom flowers were chosen in this study for
phenotypic diversity analysis. Nine phenotypic traits were observed i.e., the number of
days of first flower emergence, flower diameter, peduncle length, number of flowers,
number of branches, plant height, pollen color, single or double flower, and petal color.
The phenotypic traits data were recorded after six months of growing the plants. Table
1 shows the standards for determining the respective specific phenotypic features.
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Table 1: Morphological diversity indexes and description of petunias.

Traits Phenotypic Traits Description
Number of days of first flower Number of days from seed planting until the opening of the
emergence first flower

Flower diameter

The two farthest points between the corolla were measured
using six flowers from each plant

Flower stem length (peduncle)

Measured from the end of the sepals to the beginning of
the stem

Number of flowers

Number of flowers for each plant

Number of branches

Number of branches for each plant

Plant height Measured from the farthest points of the branch to the
plant crown
Pollen color Light Purple =1, Yellow =2
Single or double flower Plant classified based on petal fringe
Petal color Purplish black =1; Purplish pink=2; Dark pink =3

Pink=4; Light orange=>5; Dirty pink=6
Light red=7; Rose pink=8; Dark purple=9
Pinkish white=10; Light purple=11
Dark pink and white=12; White and dark purple =13

Statistical analysis: Descriptive statistics analysis was derived using SPSS 22.0. The
genetic relationships among different petunia F1 progenies were analyzed through a
two-step cluster analysis using SPSS 22.0 which can handle mixed data types including
continuous, categorical, and binary variables making it versatile for various types of
datasets in phylogenetic studies. The cluster membership data generated by the two-
step cluster analysis was later used to create a dendrogram using hierarchical clustering.
The XLSTAT software package (version 2021, Addinsoft, Paris, France) was also used
for data analysis in this study. This powerful statistical software provides a wide range
of analytical tools and functions. In this study, two types of analysis were done using
XLSTAT: 1- Box Plot Analysis, and 2-Principal Component Analysis (PCA) (25).

Results and Discussion

Petunia flower variations: The crosses in this F1 progenies breeding program mainly
produced light purple and yellow pollen colors. The pollen color of the maternal parent
(blackberry) was purple whereas that of the paternal parent was yellow. Of the 85
progenies, 67.1% showed light purple pollen and the remaining 32.9% were yellow
(Figure 1A).

The proportion of single- to double-flowered plants varied slightly from 1:1. The F1
progenies produced after crossing consisted of 45.9% single flowers and 54.1% double
flowers (Figure 1B).
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Figure 1: (A) Segregation of pollen color in the F1 hybrid with 67.1% and 32.9%
inheriting purple and yellow colors, respectively. (B) Segregation of flower type
in the F1 hybrid with 54.1% and 45.9% single and double flowers, respectively.

For flower color, the variations were great, with 40% purplish black flowers, 9.4%
each of dark pink, dirty pink, light red, and dark purple flowers, 7.1% purplish-pink
flowers, 5.9% purplish white flowers, 3.5% pink flowers, 1.2% each of light orange,
rose pink, light purple, dark pink and white flowers, and white and dark purple flowers
(Figure 2).
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Figure 2: Segregation of flower colors in the F1 generation: 40% had purplish
black flowers 1; 9.4% dark pink flowers 2; 9.4% dirty pink flowers 3; 9.4% light
red flowers 4; 9.4% dark purple flowers 5; 7.1% purplish pink flowers 6; 5.9%
purplish white flowers 7; 3.5% pink flowers 8; 1.2% light orange flowers 9;
1.2% rose pink flowers 10; 1.2% light purple flowers 11; 1.2% dark pink and
white flowers 12; and 1.2% white and dark purple flowers 13. Bar=1cm.

The near-isogenic line (NIL) population used in this study consisted of blackberry
for single-flower and purplish pink for double-flower plants. These two cultivars were
indistinguishable until upon blooming. Of the two closed buds, the single-flower buds
opened earlier, with the absence of sepals to cover the internal organs (Figure 3).
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Figure 3: Morphological differences between single and double flowers of
petunia (A) Blackberry (2); (B) Purplish pink (&); (C) F1progeny (single
petunia); and (D) F1 progeny (double petunia). Bar = 1cm

In general, and in terms of ornamental value, there are two different types of petunia
I.e., single and double. Doubleness is considered a crucial trait in breeding petunias
because of its attractiveness and economic value as it has a bigger flower size and more
petals. Flower-doubleness inheritance eluded researchers for a long time. Double-
flowered plants were propagated by cuttings, from the time of the mutation in 1855
until the early 1930s. In addition, the double flower was crossed with a single flower
to produce single and double flowers. However, reciprocal crosses cannot be done as
the double flower is female sterile. For the first time, (22) attempted to understand the
genetics of doubleness in petunias. However, similar results as previously were
obtained regarding producing seeds due to a lack of pistil development. (8) reported
that the single factor (d) is recessive, and the double factor (D) is dominant since
crosses between single and double produce both single and double plants, whereas the
single self produces only single plants. These results were further confirmed as they
were observed in petunias. A single dominant gene, D, is allelic to single flowers, while
recessive gene d, controls the inheritance of floral doubleness. Since the females of the
double-flowered phenotype are typically sterile, they can only be used as the male
parent for seed production. In addition, only the homozygous genotype (DD) of double
petunia and female fertile single can be crossed to provide 100% double-flowered
hybrid seed for commercial uses (10 and 18).

Petunia colors have long been the subject of research (11). Nine genes were
identified in one genetic study, which were involved in the inheritance of flower colour
(20). Later, more detailed information about the anthocyanins of the different color
classes of petunia hybrids became available, confirming the turning from the
inheritance of flower colour to the inheritance of specific anthocyanins (16). The
diversity of anthocyanin structures is one of the key factors contributing to the
existence of flower color variation in petunias. In addition, the pH inside the vacuole,
the vacuolar lumen also largely affects flower color (32). Depending on both the
structural transformation and the pH shift of the solvent, anthocyanins exhibit a
reversible structural transformation in their chromophores. Flowers grown in different
media, have an acidic PH, and exhibit different colors. Very slight changes in pH are
known to affect flower color and dramatically affect their absorption spectra (11 and
13). The obtained results indicate that double petunias can be inherited to the next
generation, which is a crucial point as we are in the initial stage of petunia breeding in
Irag. In addition, all colors and patterns obtained from crossing these two parents are
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attractive indicating that they are suitable for use as stock for the continuous
hybridization of petunias.

Analysis of the genetic diversity of phenotypic traits in petunias: The genetic
diversity of the 85 petunia samples was examined in addition to their parents. The
phenotypic data (Table 2) illustrates the coefficient of variation (CV) of the quantitative
traits ranging from 0.07% to 78.78%, with the average CV at 30.98%. The CV is a
statistical measure for assessing the relative variability of quantitative traits within a
population. In this study, the CV was calculated for various quantitative traits in petunia
plants to examine the extent of phenotypic variation and determine traits with the
highest degree of variability.

The CV analysis revealed notable differences in the variability of quantitative traits
among the petunia population. Flower diameter exhibited a CV of 16.23%, indicating
a moderate level of variation within this trait. This suggests that genetic and
environmental factors contribute to the observed differences in flower diameter among
individual petunia plants (2). Other traits, such as number of days of first flower
emergence and plant height had CVs of 0.07% and 18.48.7%, respectively, indicating
relatively lower levels of variability compared to flower diameter.

Table 2: Genetic diversity analysis of quantitative characters in petunias.

N Minimum Maximum Mean SD Ccv
Trait Statistic ~ Statistic Statistic ~ Statistic Std. Statistic ~ Statistic
Error

Flower 85 4.90 11.00 8.2928 14599  1.34592 16.23
Diameter

Peduncle 85 2.00 14.50 3.5968 18259  1.68340 46.80
Length

Number of 85 2.00 156.00 33.0824 2.82675 26.06138  78.78
Flowers

Number of 85 3.00 11.00 6.1529 17027  1.56985 25.51
Branches

Plant Height 85 30.00 66.00 47.2529  .94712  8.73200 18.48
Number of

Days for First 85 116.00 149.00 133.3529 1.01249 9.33466 0.07
Flower
Emergence

Box plot analysis for phenotypic variation in petunias: The box plot analysis (Figure
4) revealed interesting patterns and characteristics of the phenotypic traits in petunia
plants. For flower diameter, the box plots showed a relatively symmetric distribution
with a median value of 8.5 cm. The interquartile range (IQR) indicated moderate
variation, with the lower and upper quartiles spanning 7.4 cm to 9.3 cm, respectively.
However, few outliers were identified, displaying unusually large or small flower
diameters. In contrast, the box plots for stem length displayed a negative skewed
distribution. The median value was 3.1 cm, while the IQR spanned 2.7 cm to 3.6 cm.
It also displayed the left-skewed distribution for the number of flowers and branches
with median values of 30 and 6.0, respectively. Notably, there were certain outliers
observed for this trait, with less variable distribution of stem length, number of flowers
and branches within the petunia population.
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In comparing the box plots of flower diameter and stem length, and number of
flowers and branches, it is evident that the former exhibits a wider range of variation
and a greater number of outliers, indicating a higher degree of phenotypic diversity
within this trait. This finding suggests that stem length, number of flowers and branches
may be influenced by multiple genetic and environmental factors, resulting in a broader
range of observed values. In contrast, the relatively narrow distribution of flower
diameter indicates a more consistent and genetically controlled trait. The presence of
outliers in the box plots warrants further examination. The outliers observed in the
number of flower traits may indicate the presence of rare or novel genetic variants that
significantly impact this trait (24). Alternatively, these outliers could be attributed to
measurement errors or environmental factors that influence flower development in
specific cases (28). Further investigations, such as genetic analyses or controlled
growth experiments will help elucidate the causes of these outliers (9).

The distribution and variations observed in the phenotypic traits of petunia plants
have biological implications. The wide range of flower number values suggests
potential adaptations to different pollinators or ecological conditions (4). Petunias with
more flowers may attract larger pollinators, compared to those with less flowers. Stem
length, on the other hand, may reflect adaptations related to light capture or water
regulation (5). It is important to note that this study focused on a specific set of
phenotypic traits and a limited sample size. Thus, the observed patterns and variations
may not fully represent the entire range of phenotypic diversity within the petunia
population. Future research could incorporate additional traits, expand the sample size,
or explore different petunia cultivars or species to gain a more comprehensive
understanding of phenotypic variations.
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Figure 4: Box plot of phenotypic variation in petunias: (a) flower diameter; (b)
stem length; (c) number of flowers; and (d) number of branches.

Principal component analysis (PCA) based on phenotypic traits: One purpose of this
study was to investigate the relationship between phenotypic traits in petunia F1
progenies using PCA. By analyzing a comprehensive dataset of various phenotypic
characteristics, we aimed to uncover underlying patterns, identify key variables driving
phenotypic variations, and gain insights into the biology of petunia plants. The PCA
(Figure 5) results revealed that the first two principal components (PCs) accounted for
a significant proportion of the total variance, collectively explaining 44.2% of the
variation observed in the phenotypic traits. PC1 explained 23.7% of the variance and
PC2 explained 20.5% (Table 3). These findings indicate that a substantial portion of
the phenotypic diversity in petunia progenies can be attributed to these PCs.

In interpreting the principal components, we observed that PC1 was predominantly
influenced by variables related to plant height, number of flowers, flower diameter and
single or double petunias. This suggests that these traits are closely interconnected and
may be controlled by shared genetic factors or common physiological mechanisms (6).
The strong association between types of single or double flowers and the number of
flowers aligns with previous studies highlighting the role of specific genetic loci in
determining petal number and flower morphology in petunia. These findings confirm

972



Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

the presence of a dominant gene D responsible for the double flowering trait in
petunias. Furthermore, the investigation of morphological developments in single and
double flower forms of petunias revealed that the shoot apices differed only at the
initiation point of petal and sepal primordia (18).

In contrast, PC2 primarily reflected other traits such as pollen and petal colors, stem
length, number of days of first flower emergence, and number of branches. These
characteristics likely represent adaptations related to the overall reproductive strategy
and ecological niche of the petunia plant (35). Pollen and petal colors and number of
branches may have evolved as adaptations in petunias to attract specific pollinator
species and increase the likelihood of successful cross-pollination. The correlation
between certain morphological traits in petunias and their attraction to pollinators
highlights the intricate relationship between genetic profiles and flower characteristics
(21). The distinct grouping of these traits in PC2 indicates their shared genetic basis or
coordinated response to environmental factors.

The patterns observed in the PC scores further support the existence of distinct
clusters among the phenotypic traits. For instance, plants with large flowers and thicker
stems tended to have fewer flowers and lower plant height. This suggests a coordinated
growth and development strategy in these individuals, potentially driven by shared
genetic or hormonal mechanisms. The findings of this study align with previous
research investigating petunia phenotypic traits, confirming the interrelationships and
associations among various morphological characteristics (30). However, it is
important to note that this study focused solely on phenotypic traits and did not explore
underlying genetic factors or gene expression patterns. Future studies could incorporate
genomic approaches, such as quantitative trait loci (QTL) mapping or transcriptomics,
to further elucidate the genetic basis of these phenotypic traits.

The knowledge gained from this PCA analysis has implications for plant breeding
and horticulture. By understanding the relationships and interdependencies among
different phenotypic traits, breeders can strategically select individuals with desired
combinations of traits for targeted improvement (17).

Table 3: Principal component analysis of phenotypic traits of petunia.

Trait PC1 PC2 PC3 PC4 PC5
Flower Diameter -0.456 -0.300 0.523 0.403 -0.186
Stem Length -0.078  -0.185 0.826 -0.304 0.054
Number of Flowers 0.836 0.101 -0.195 0.163 -0.071
Number of Branches -0.158 0.484 0.066 0.624  -0.467
Plant Height 0.781 -0.017 0337 -0.084 -0.090
Number of Days for First Flower Emergence 0.077 0.384 0.207 0492 0.748
Pollen Color -0.079 0.812 0.016 -0.252 -0.073
Single or Double Flower -0.754 0.135 -0.267 -0.167 0.118
Petal Color -0.011 0.804 0307 -0.271 -0.072
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Figure 5: Principal component analysis of phenotypic traits in petunias.

Classification based on data clustering analysis: Data clustering was performed to
find separate groups or clusters of petunia F1 progenies based on phenotypic features.
The analysis aimed to identify distinct clusters or groups of cultivars based on their
genetic similarities, providing insights into the evolutionary history and classification
of petunias. The two-step cluster analysis revealed three distinct clusters, labelled
Cluster 1, Cluster 2, and Cluster 3, when nine predictors (inputs) were used. However,
the cluster quality was only considered as fair. These three clusters were almost equally
distributed with a ratio size of 1:19 between the largest and smallest clusters. Of the
nine predictors, pollen color was the most important followed by flower type and
flower color (Figure 6), with those having input importance below 0.2 considered less

significant.
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Figure 6: Predictor importance based on the two-step clustering analysis.

Cluster 1 contained a group of closely related petunia progenies with high genetic
similarity to the male parent (Figure 7). These progenies share common genetic
markers and likely originated from a common ancestor. Cluster 2 consisted of a set of
petunia progenies displaying moderate genetic similarity, suggesting a broader range
of genetic variations and possibly represent a group of progenies with more complex
genetic relationships. Some progenies in this cluster might be the main outcome of
hybridization or introgression between male and female parents, resulting in a mix of
genetic characteristics. Cluster 3 comprised a group of slightly genetically-distinct
petunia progenies. These progenies exhibited genetic dissimilarity from those in
Clusters 1 and 2, indicating a separate evolutionary lineage or potentially representing
the species origin (wild). In this data, Cluster 3 is a set of petunia progenies that have
similarities with the female parent.

These clustering results align with previous studies that have explored petunia
phenotypic diversity. However, our findings provide additional insights into the
classification and characterization of specific trait profiles within the petunia
population. By understanding the distinct clusters and their associated phenotypic
traits, breeders and horticulturists can make informed decisions on cultivar selection,
targeted breeding programs, or landscape design. It should be noted that this data
clustering analysis has some limitations. This study focused solely on phenotypic traits
and did not explore genetic or molecular factors that may underlie the observed
phenotypic variations.
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Figure 7: Cluster analysis dendrogram of 85 petunia F1 progenies based on
phenotypic characteristics.

While acknowledging the importance of underlying genetics and molecular factors
associated with phenotypic variation, this study specifically focuses on the
morphological variations of petunias in Irag. The scope of this research is designed to
provide a comprehensive morphological assessment as a foundational step.

Future studies could benefit from integrating genetic and molecular analyses to
further elucidate the underlying mechanisms of the observed phenotypic variations.
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However, for this paper, we have chosen to concentrate on morphological
characteristics to establish a clear baseline for subsequent research in these areas.

Conclusions

This study analyzed the phenotypic characteristics of 85 petunia F1 progenies. We
found that the phenotypic traits of the progenies were quite different, and 48 F;
progenies were considered different types. CV analysis revealed differences in the
variability of quantitative traits in the petunia F1 progenies with a number of flowers
exhibiting the highest CV, indicating a high level of variation. The box plot analysis
provided insights into the distribution and variation of phenotypic traits in petunia
plants. The observed patterns and characteristics of flower diameter and stem length
highlight the diversity and genetic control of these traits within the petunia population.
The findings contribute to our understanding of petunia phenotypic variations and offer
valuable information for further investigations in regard to future petunia breeding.

Further, PCA analysis revealed distinct patterns and associations among phenotypic
traits in the petunia plants. Also, data clustering analysis identified distinct clusters
based on phenotypic traits in the petunia population. These findings advance our
understanding of petunia biology and offer valuable insights for breeding programs and
horticultural practices. Additionally, they contribute to our understanding of petunia
biology and provide a foundation for future investigations into the genetic mechanisms
controlling phenotypic variations. One limitation of this study is the reliance on a
specific set of phenotypic traits, which may not capture the entire complexity of petunia
morphology and physiology. Future research could consider incorporating additional
traits or exploring different growth stages to provide a more comprehensive analysis
of petunia phenotypic diversity.
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