2020 International Camellia Congress, Goto, Japan

Compositional analysis of floral scent of 11 ornamental
Camellia cultivars
Zhengqi Fan1, 2, Jiyuan Li1, 2, Xinlei Li1, 2, Hengfu Yin1,2, Weixing Liu1,2
1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang, Zhejiang,
China, 311400; 2 Key Laboratory of Forest genetics and breeding, Research Institute of
Subtropical Forestry, Chinese Academy of Forestry, Fuyang, Zhejiang, China, 311400
Abstract
Floral scent is an important trait of ornamental plants, with substantial economic values.
Recent progress in identifying chemical structures of floral scent compounds and
biosynthesis pathways has improved our understanding of the mechanism behind the floral
volatile production. However the diversity of floral scent compositions in Camellia cultivars
remains to be elucidated. Genus Camellia contains a large number of species and varieties,
but varieties with strong floral scent are very rare, which always are recognized as famous
varieties. In this study, we have collected 11 cultivars to investigate the scent compositions.
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Introduction
Floral scent is a mixture of chemical compounds emitted by plant tissues which plays crucial
roles in flower-animal communications. The balance between attracting pollinators and
destructive animals has perplexed the process of scent evolution. Also, floral scent is
believed to play an important role in the development of reproductive isolation between
interspecific populations. The trait of floral scent is complex because of its dynamic nature.
Not only the amount of compounds but also the presence or absence of an individual
chemical could vary extensively among species, tissue types, environmental conditions or
timing.
The floral scent comprises of thousands of compounds which come from plant primary
and secondary metabolic pathways. The biosynthesis pathways of terpenoid,
phenylpropanoid, and fatty acid ester are involved in floral scent synthesis, which provide
essential substrates for the enzymes catalyzing the final steps of scent products. The
members of terpene synthase gene (TPS) family have been characterized in several species,
which catalyze the formation of diverse monoterpenes. The sequence variations of TPS
were found to be related to the specificity of catalytic reactions, which suggested that the
convergent evolution of key enzymatic steps were responsible for the formation of diverse
distal volatiles.
Improvements in identification and quantification of volatiles and functional analyses of
biosynthetic enzymes in different species would broaden our knowledge and provide
insights into the molecular mechanism underlying plant secondary metabolism. This could
eventually facilitate genetic breeding for floral scent.
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To detect floral volatiles, the method of solid phase microextration (SPME) from the
static headspace (HS) of flower sample is very simple and sensitive for collecting the
volatiles, which could then be subsequently analyzed by the GC-MS system. The genus
Camellia, which belongs to Theaceae, contains several famous ornamental flowering species
such as Camellia japonica and Camellia nitidissima as well as some economic crops like
Camellia sinensis and Camellia oleifera. Although there are still controversies among the
taxonomy of genus Camellia, the section of theopsis is distinctive in terms of small flowers
and strong floral scent in several species.
In this study, we collected 11 cultivars from the genus Camellia with different degrees
of aromatic effects and analyzed the floral scent compositions by SPME-GC-MS analysis. In
total, we have identified 269 volatile chemicals including open-chain and alicyclic
hydrocarbons and derivatives, benzenoids and phenyl propanoids and terpenes. The
relative quantification of compounds was achieved by normalizing the abundance to
internal standards. Cluster analysis was performed about different species by comparing
contents of detected compounds, and the relationships between clusters and aromatic
effects were also analyzed. Further, we used Principal Component Analysis (PCA) method to
profile the variations of compounds of different species.
C.japonica ‘Kramer’s Supreme’ was selected for detailed analysis of organ types and
developmental stages, because of its high volatile contents and significance to other
cultivars. We showed that stamens produced similar volatiles to petals, and the emission of
floral volatiles reached the maximum at the stage of complete opening. Among cultivars
with strong and moderate scent effects, monoterpenes and benzenoids were frequently
identified with higher levels, indicating important contributions of these compounds to the
floral bouquets. Our work has not only provided the baseline information of floral scent
compositions across species within genus Camellia, but also suggested the underlying
biosynthesis pathways toward genetic modification in future.
Materials and Methods
Plant material
The 11 cultivars in genus Camellia used in this study were collected from the Research
Institute of Subtropical Forestry, Chinese Academy of Forestry, in Zhejiang, China. These
cultivars mostly blossom during March to April, and all samples have been collected twice.
Volatile collection
The branches with opening flowers or buds were cut and cultured in water (25 °C,
12h/12h photoperiod) before volatile sampling. One flower from each sample was put into a
200 mL thread screw vial with silica pad. Floral samples of ‘Kramer’s Supreme’ were divided
into three stages according to the developmental process, and stamens and petals were also
isolated from whole flowers. 1µg decanoic acid, ethyl ester (Cat. NO 148970 99% purity,
Sigma) as an internal standard was added into sample vial after the flowers were weighed.
The volatile collection method was based on solid-phase microextraction (SPME)
technique. The extraction fiber with 50/30µm DVB/CAR on PDMS (Cat. NO 57912-U, Supelco,
Sigma-Aldrich) was inserted into the sample vial for 40 min at 25 ℃, following was
introduced into an injector port for chromatographic analysis.
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GC/MS analyses were performed on Agilent 6890N-5975B with a fused capillary column,
30 m×0.25 mm×0.25 µm df (HP-5MS; 5% diphenyl, 95% dimethyl polydimethylsiloxane,
Agilent Technologies). A vaporization injector port was desorbed for 5 min and sampled in
260 ℃. The oven temperature was held for 2 min for 50 ℃, then increased by 5℃·min-1 to
210 ℃ and held for 1 min, followed by 10 ℃·min-1 to 250 ℃ and held for 5 min. Electron
ionization mass spectra in the range 40-400 Da were taken at 70 eV. The quadrupole, source,
and transfer line temperature were maintained at 150, 230 and 280 ℃, with a scanning
speed of 1 scan·s-1 from 30 to 550 amu.0
Data analysis
All data were recorded with an MS ChemStation (G1701DA D.03.00.552; Agilent
Technologies). Components were identified using the NIST 05 mass spectral database.
Identification of compounds was also confirmed by comparison of mass spectra and
retention times with the published database. The semi-quantification data of individual
components was confirmed by normalized peak area of each compound with one of the
internal standard (benzoic acid ethyl ester). PCA analysis was performed by Matlab software
(2009 MathWorks). Each chemical was categorized into different groups (Table2), and
normalized between different species by linear normalization.
Results
1. Phylogenetic analysis of species of Camellia Sect. Theopsis
To investigate the diversity of floral volatiles in genus Camellia, we collected 11
cultivars which contains several species with strong and delightful scent bouquets (Table 1).
Also the aroma effects from flowers of different cultivars were evaluated, and ‘Kramer’s
Supreme’, ‘Mr. John Wang’s No. 1’, ‘Fragrant Pink Improved’ and ‘Ken’s seedling P67(2)’
showed stronger scent effects, whereas several cultivars showed only very weak or no scent
smells (Table 1). Summary of total content and number of chemicals indicated that scent
effects were highly related to volatiles identified in this study.
Tables 1. A summary of chemicals identified in this work with the aromatic feel of each cultivars
Name
‘Kramer’s Supreme’
‘Scented Sun’
‘High Fragrance’

Number of
components
85
33
58

Components content
(ug/mg)
(ug/flower)
0.63307
17.50
0.11834
1.18
0.73988
6.16

heavy
no smell
heavy

‘Mr. John Wang’s No. 1’

72

2.60167

10.85

heavy

‘Scentsation’
‘Fragrant Pink Improved’

67
82

0.75039
3.48377

5.84
17.91

weak
heavy

‘Virginia Robinson’
‘Dr. Robert K. Cutter’
‘Mariann’
‘Sultana Emmett Pfingstl’
‘Ken’s seedling P67(2)’

60
76
52
65
71

1.16702
0.80691
0.20747
0.69190
2.37279

6.26
9.73
2.59
8.75
18.67

moderate
moderate
no smell
weak
heavy

2. HS-SPME and GC analysis of floral volatiles
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We analyzed the volatiles by HS-SPME coupled with GC-MS method, and a total of 269
different volatile components were found in the 11 Camellia cultivars. Most of these
compounds belonged to terpenes, benzenoids and phenyl propanoids (Table 2). There were
remarkable differences of composition and content among these cultivars. In ‘Kramer’s
Supreme’, ‘Mr. John Wang’s No. 1’, ‘Fragrant Pink Improved’ and ‘Ken’s seedling P67(2)’
relatively higher contents of volatile compounds were identified, which was consistent with
the aromatic feeling of Table 1. In contrast, several cultivars, such as ‘Scented Sun’ and
‘Mariann’ etc., had faint or no scent feelings, corresponding with their low volatiles
contents. Open-chain and alicyclic hydrocarbons and their derivative were frequently
identified in most cultivars, which suggested other metabolic pathways were involved in the
synthesis of floral volatiles.
Table 2. Volatile compounds in different Camellia cultivars (ug/mg)
Terpenes

Open-chain and alicyclic
hydrocarbon and derivative

Benzenoids and phenyl
propanoids

‘Kramer’s Supreme’
‘Scented Sun’
‘High Fragrance’

193.08
4.75
2.73

266.74
64.20
368.57

173.25
49.38
384.87

‘Mr. John Wang’s No. 1’

5.75

1289.90

1306.02

‘Scentsation’
‘Fragrant Pink Improved’

156.06
1008.09

247.19
794.89

316.26
2191.29

‘Virginia Robinson’
‘Dr. Robert K. Cutter’
‘Mariann’
‘Sultana Emmett Pfingstl’
‘Ken’s seedling P67(2)’

173.82
9.33
35.85
1.10
268.00

413.57
446.85
77.72
338.39
758.29

579.63
350.74
93.90
352.42
1259.05

3. Comparison of scent compositions among different cultivars
The floral scent compositions were grouped based on their chemical types, and total
contents of each group were listed (Table 2). To characterize the relationships among these
cultivars, content analysis of volatile compounds was performed by similarities of chemicals
(Fig 1). It showed that cultivars with strong and moderate aromatic feels appeared to have
higher content. As examples, ‘Mr. John Wang’s No. 1’, ‘Fragrant Pink Improved’ and
‘Ken’s seedling P67(2)’ were in agreement with our expectation. ‘Kramer’s Supreme’, a
heavy-feel cultivar, appeared low level, due to its big flower with heavy weight . ‘Fragrant
Pink Improved’ had subtle changes of terpenes levels, indicating an underlying difference of
biosynthetic pathway. We found most cultivars contained high levels of hydrocarbons and
their derivative but only several ones displayed a heavy smell.
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Fig. 1 Contents of volatile compounds in different cultivars. Purple dot indicated species with heavy scent, and
blue dots indicated species with moderate scents. Yellow, green and purple column were corresponding to
open-chain and alicyclic hydrocarbons and derivative, benzenoids and phenyl propanoids and Terpenes.

4. PCA analysis of volatiles
Floral scent is generally considered as a very complex trait. To investigate the volatiles
pattern associated with scent feels, we used principal component analysis (PCA) to analyze
all compounds of the 11 cultivars (Fig 2). Among cultivars with strong aroma feels, ‘Kramer’s
Supreme’, ‘Mr. John Wang’s No. 1’, and ‘Fragrant Pink Improved’ were significantly
different from other species according to PCA analysis; whereas other species did not show
major differences. The clustering of other cultivars in the center suggested the need for
much more detailed characterization.
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Fig. 2 PCA analysis of
compositional variations within
different cultivars. A three
dimensional plotting containing
Principal component 1, 2, 3 on x,
y, z axis was shown. Each colour
dot indicated a different cultivar.

5. Organ specific analysis of floral scents in ‘Kramer’s Supreme’
Due to its higher levels of scent compounds and aroma effects, ‘Kramer’s Supreme’
was selected to study the differences between floral organ types. Mature petals and
stamens were collected for the analysis. In total, we detected 79 scent components in petals
and 21 components in stamens (Table 3). Most of the volatiles belonged to monoterpenes,
together with some benzenoid compounds (Table 2).
More volatile compounds were identified from petals samples and the abundances of
volatiles were also higher comparing to stamen (Table 2). We also found that the ratios of
types of compounds varied between petal and stamen. linalool (63.97%), cis-linalool oxide
(12.28%), and methyl salicylate (7.53%) dominated the headspace of the petals, whereas in
the stamens, the main compounds were linalool (15.12%), cis-linalool oxide (7.37%) and
methyl salicylate (9.74%) .
Table 3. Comparison of floral scent compositions in stamen and petal in ‘Kramer’s Supreme’
Tissues

Stamens

Petals

Total number of components

21

79

Total abundance (ug/mg)

3867.94

884.16

compounds
Linalool

Abundance
(ug/mg)
2514.83

Compositio
n (%)
63.97

Abundance
(ug/mg)
133.70

Compositio
n (%)
15.12

cis-Linalool oxide

482.80

12.28

6.49

7.35

Methyl salicylate

295.98

7.53

86.16

9.74

Benzoic acid, methyl ester

122.02

3.10

29.99

3.39
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Benzaldehyde

136.52

3.47

0.00

0.00

Epoxylinalool(2H-Pyran-3-ol, 6ethenyltetrahydro-2,2,6-trimethyl-)

126.87

3.23

0.00

0.00

Tetradecane

0.00

0.00

77.98

8.82

Styrene

0.00

0.00

36.02

4.07

Dodecane

0.00

0.00

37.45

3.74

Phenol, 2,6-bis(1,1-dimethylethyl)-

0.00

0.00

27.67

3.12

6. Characterization of volatiles levels at different developmental stages in ‘Kramer’s
Supreme’
Further, we characterized the scent accumulation pattern along three different
developmental stages in ‘Kramer’s Supreme’. A total of 107 compounds were found
throughout these developmental stages. Differences in the amount and the existence of the
volatile compounds were identified. The number of compounds varied from 53 at earlyopen stage to 89 at complete opening stage. Eight most abundant compounds, including
Linalool, cis-linalool oxide, methyl salicylate, tetradecane, 2,6-bis(1,1-dimethylethyl)-phenol,
tridecane, butylated hydroxytoluene, pentadecane, and styrene were selected to trace the
emission pattern of volatiles during floral development. Linalool, as the most important
compound, showed a sharp decline at half-opening stage. And other compounds showed
similar accumulation patters (Fig. 3). The synergistic pattern of these volatiles suggested
that the emission pattern of floral volatiles could be related to the pollination activity.

Fig. 3 Volatile analysis of different
developmental stages in ‘Kramer’s
Supreme’. Three stages including early
opening, half opening and complete
opening were characterized. Emission
patterns of nine most abundant
compounds were plotted.

Discussion
The HS-SPME-GCMS method has been widely used to analyze volatiles for many
purposes. A floral scent mixture can easily contain dozens of chemicals. In our study, we
have identified 269 species of compounds which were potentially emitted by 11 Camellia
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cultivars. The remarkable differences in the number of compounds and also the amounts
of individual compounds were revealed, regardless of the close relationships of the cultivars
(Table 1).
We showed that the floral scent feels were correlated with the complexity and amount
of volatile compounds (Table 1). Species with ‘heavy’ or ‘moderate’ scent feels produced
more volatiles compounds, but not necessarily more types of chemicals (Table 1). In
‘Sultana Emmett Pfingstl’, 65 compounds were identified; however this cultivar had weak
scent smells. And in ‘High Fragrance’, there were only 58 compounds, with low level of
content; however it was recognized with heavy smell (Fig 1).
It is recognized that floral scent could be highly selected by pollinator choices during
floral evolution. The great variations of floral volatiles were likely the results of co-evolution
of their pollinators. The considerable changes of volatiles between these cultivars suggested
that the manual selection of floral traits had noteworthy impacts of scent biosynthesis.
The analysis of petal and stamen in ‘Kramer’s Supreme’ indicated the petal was more
dominant than stamen in emitting volatiles in this cultivar (Table 2). In consideration of the
abundant amount of floral volatiles in ‘Kramer’s Supreme’, it would be informative to
investigate whether there were specialized structures in stamen or petal. Additionally, a
series of samples of different developmental stages in ‘Kramer’s Supreme’ revealed an
emission pattern of scent volatiles in which most compounds gradually reached their
maximums during the complete-opening stage of flowers (Fig 3). Taking these together, the
interspecific variations as well as temporal and spatial patterns of volatile emission have
reinforced the idea that scent trait is highly selected during evolution, particularly by
pollination choice.
Scent with some specific volatiles is often a unique feature of flowers. For instance, the
Puccinia rus fungi could emit scent-like chemicals to mimic a flower in order to attract
insects. However, the characteristic compounds from floral scents are difficult to evaluate
due to the limitations of measuring techniques. The number of volatile compounds from
this study varied from 33 (‘Scented Sun’) to 85 (‘Kramer’s Supreme’) (Table 1). Also the
content of each compound varied significantly. These data indicated that scent compounds
of these cultivars that could be recognized by human beings might consist certain types of
volatiles.
Floral scent is a very complex trait. The convergent evolution of biosynthesis enzymes
could occur to generate diverse volatile compounds by changes of biochemical functions,
which might explain the great differences of floral volatiles.
Biochemical characterizations of salicylic acid methyltransferase and benzenoid
carboxyl methyltransferases in several flowering plant species have revealed broad
specificities of substrates, indicating high-degree of adaptations in response to changing
surroundings. Comparative analysis of floral volatiles, on the other hand, might be
informative to understand the modifications of biosynthesis pathways. In this study, we
found that terpenoids were essentially important for scent development and often
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dominant in floral bouquets, but possibly, other compounds with very low levels or even
neglected here contributed to the scent mixture.
The PCA results depicted the contributions of chemicals in detail and provided insights
on relationships of compounds with high and low levels. All cultivars did not show much
difference in the main component, indicating the driving force of scent evolution was
related to pollination, which was irrelevant to human feeling. Analysis of other components
suggested that compounds with lower contributions were more related to the interspecific
differences. Future direction to scent engineering in Camellia would be characterizations of
biosynthesis pathways to identify key regulators involved in the scent development.
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