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Abstract

Ptilostemon casabonae (L.) Greuter is a Mediterranean endemism traditionally used for its health-
giving properties. Little is known about this species, therefore this study provides additional
information about the phytochemical and biomolecular patterns of this plant, to have a combined
fingerprint as a taxonomic tool. Several P. casabonae specimens were therefore collected from three
different sites, two from Sardinia (Italy) and one from Corsica and the hydroalcoholic extracts of their
aerial parts were investigated through HPLC-PDA-MS/MS analysis to study the phenolic
composition. Quercetin, luteolin, kaempferol, apigenin and diosmetin O-glycosides, and
caffeoylquinic acid derivatives were found as main components. Samples from the three sites showed
similar phenolic profiles, although statistical analyses highlighted some quantitative differences for
several compounds.

The biomolecular analysis included amplification and sequencing of ITS, 5S5-rRNA-NTS and psbA
regions. No difference was found in the nucleotides among the P. casabonae samples from different
geographical origins; however, a comparison with other Ptilostemon species sequences from
Genbank, revealed an inter-species variability of ITS and psbA regions.

The combination of the results of the phytochemical and biomolecular studies provide information

on P. casabonae useful to depict this little-known plant, which can also be applied for future
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investigations and to obtain a fingerprint of it. Moreover, the stability of the phenolic profile within
the species affords to identify a set of specialised metabolites useful for its chemotaxonomic
characterization. At the same time, the stability of the biomolecular profile of P. casabonae, and the
identification of sequences specific for this species, enables to identify useful biomolecular markers

to distinguish it unequivocally.

Keywords: Ptilostemon casabonae (L.) Greuter, Compositae, HPLC-PDS-MS/MS, PCR,
sequencing, polyphenols, ITS sequence, psbA sequence, 5S-rRNA-NTS sequence
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1. Introduction

Ptilostemon casabonae (L.) Greuter. (Compositae) (www.theplantlist.org) belongs to the genus

Ptilostemon Cass., which is part of the larger informal “Cynara group”, included in the Carduinae
subtribe (Cardueae tribe) (Susanna et al., 2006; Susanna and Garcia-Jacas, 2009; Vilatersana et al.,
2010; Barres et al., 2013). The Ptilostemon genus is distributed throughout the Mediterranean area,
from Crimea and Turkey to the Iberian Peninsula and Morocco. The genus includes 15 species, among
them Ptilostemon casabonae (L.) Greuter, a central Mediterranean endemism mainly localized in
Sardinia (Italy), Corsica and the Hyeres islands (France). The limited geographic distribution of P.
casabonae is peculiar, since usually “thistles” are widespread colonizing weeds (Médail and
Verlaque, 1997; Vilatersana et al., 2010; Marengo et al., 2015). P. casabonae is a monocarpic
perennial spiny herb with sparsely arachnoid-hairy to glabrescent stem and lanceolate to linear-
lanceolate leaves, entire or very slightly sinuate (Tutin et al., 1968; Marengo et al., 2015). It is largely
spread in Sardinia and Corsica, where it grows spontaneously, preferring dry and open habitats, with
riverbed gravel, screes or mining dumps as secondary habitats (Tutin et al., 1968; Ferrauto et al.,
2016). P. casabonae is the only species of the Ptilostemon genus growing in Sardinia and Corsica
(Pignatti, 1982). The aerial parts of this species are traditionally used in Sardinia as intestinal
antispasmodic. Additionally, the boiled sprouts and immature flower heads are considered edible
(Atzei, 2003).

To the best of the authors’ knowledge, no phytochemical studies on P. casabonae have to date been
reported. The literature gives acetylenes, triterpenes, sesquiterpenes and lignans as the main chemical
constituents of the Ptilostemon species, but no information is available concerning the flavonoid and
phenolic acid composition (Bohlmann et al., 1974; Bohlmann and Ziesche, 1980; Bruno et al., 2001,
Janackovi¢ et al., 2002; Djordjevic et al., 2008; Di Stefano and Pitonzo, 2012). Conversely, molecular
phylogenetic analyses on the Cardueae tribe are available, and provide some DNA barcoding
sequences of species belonging to the Ptilostemon genus including P. casabonae from Southern
Corsica (Garcia-Jacas et al., 2002; Susanna et al., 2006; Vilatersana et al., 2010; Barres et al., 2013).
The aim of the present study is to contribute to improving knowledge of this little-studied species, by
combining phytochemical and biomolecular approaches in order to obtain a representative fingerprint
of the investigated plant that can be adopted as a taxonomic tool.

Samples of the aerial parts of P. casabonae from three different sites, two in Sardinia (Gennargentu
and Iglesias) and one in Southern Corsica (Bocca di Tana) were therefore collected and submitted to

phytochemical and biomolecular investigation. The combination of these two different approaches
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can provide more information on this species and a reliable fingerprint of the plant useful for the
unequivocal identification of P. casabonae and its distinction from closely related species.
Similarities and dissimilarities in the chemical and molecular patterns in the samples from the three
harvesting sites were therefore investigated and the variability/stability of the investigated DNA
regions might give useful molecular markers of P. casabonae.

The hydroalcoholic extracts from this species were analysed by HPLC-PDA-MS/MS to obtain useful
information about the non-yet-investigated polyphenolic fraction, whose composition can be used to
characterize this endemic species and its intraspecific variations with geographical origin.

At the same time, three specific DNA regions were amplified, sequenced and compared to obtain
diagnostic molecular markers for P. casabonae and to verify the variability/stability of samples from
different geographical origins. The nuclear internal transcribed spacer (ITS) and 5S-rRNA-NTS genes
and the chloroplast photosystem 11 protein D1 (psbA-trnH) genes were analysed. With the exception
of 5S-rRNA-NTS region, these sequences are DNA barcoding genes, used to discriminate plant
species (Hebert et al., 2003; Galimberti et al., 2013; Dong et al., 2014). Conversely, the 5S-rRNA-
NTS sequence is used for plant DNA fingerprinting, although it is not yet considered a barcoding
gene (Gnavi et al., 2010; Kress, 2017; Marengo et al., 2017b). The PsbA-trnH and 5S-rRNA-NTS

genes of P. casabonae are sequenced here for the first time.

2. Results and discussion

2.1. Phytochemical analysis

2.1.1. Chemical composition by HPLC-PDA-MS/MS

The phytochemical investigation of the hydroalcoholic extracts of Ptilostemon casabonae aerial parts
from Sardinia (Gennargentu and Iglesias) and Corsica (Bocca di Tana) was carried out by HPLC-
PDA-MS/MS and revealed a remarkable abundance of phenolic compounds, and in particular a
complex polyphenolic fraction. Moreover, all the investigated extracts show a similar chemical
composition (Fig. 1 and Fig. S1).

In agreement with existing reports on the polyphenols of related species, flavonoids are the most
representative group, in particular O-glycosides of quercetin, luteolin, kaempferol, apigenin and
diosmetin, and caffeoylquinic acid derivatives have been reported (Jordon-Thaden and Louda, 2003;
Gonzélez-Tejero et al., 2008; Li et al., 2014; Ha et al., 2015; Ma et al., 2016; Marengo et al., 2017a).



108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

Chromatographic profiles, UV spectra, and mass spectral information, acquired for 10 samples per
site, enabled 25 informative compounds to be detected. The UV spectra obtained for each peak
provided a first indication of the compound class. In addition, the molecular weight of each peak was
obtained from their mass spectral pattern, through the complementary correspondence between the
positive and negative pseudomolecular ions in ESI* and ESI". The Product lon Scan analysis of the
pseudomolecular ions under investigation (in both ESI® and ESI- modes) provided diagnostic
fragments for each molecule. Lastly, the identity of 15 compounds in the extract was confirmed by
the co-injection of authentic standards, whereas 10 peaks were putatively identified by comparison
with literature data (Table 1).

In particular, compounds for which reference standards were not available, were tentatively identified
through their tandem mass spectrometry fragmentation pattern, as reported in Marengo et al., 2017a.
This approach also provides further structural information on unknown compounds. As an example,
all the phenolic acid derivatives (mainly caffeoylquinic acid derivatives), compounds 5, 8, 14, 15, 18,
20, were tentatively identified by their UV spectral data (UVmax=330nm) and pseudomolecular
diagnostic fragments at 163 m/z and 191 m/z in ESI" and ESI" ionization modes (Marengo et al.,
2017a; Martini et al., 2017). p-coumaric acid containing chlorogenic and quinic acid derivatives
(compounds 17, 19) were putatively identified on the basis of their UV maximum absorption at about
310 nm, and pseudomolecular diagnostic fragments in accordance with those reported by Clifford
and co-workers (Clifford et al., 2006). Finally, peaks 8 and 12 were tentatively attributed to quercetin
O-glycosides derivatives, since their UV spectrum and MS/MS fragmentation pattern are similar to
those of quercetin derivatives (Marengo et al., 2017a).

The detected compounds have been found in other “thistle” species (Jordon-Thaden and Louda, 2003;
Lietal., 2014; Marengo et al., 2017a, 2018), but, to the best of the authors’ knowledge this is the first
time that these specialised metabolites have been identified in P. casabonae and in general in the
Ptilostemon genus (Bohlmann et al., 1974; Bohlmann and Ziesche, 1980; Bruno et al., 2001;
Janackovi¢ et al., 2002; Djordjevic et al., 2008; Di Stefano and Pitonzo, 2012). The analysis of the
composition of these specialised metabolites can be very useful in the taxonomic characterization of
P. casabonae, to discriminate it from other closely related species and to define a representative
chemical pattern for the species. Phenolic compounds, in particular flavonoids, have a wide structural
diversity, diffuse occurrence, chemical stability and have been already isolated in large scale from
Compositae species and used as taxonomic markers at lower hierarchical levels (Emerenciano et al.,
2001; Mika et al., 2005). Moreover, polyphenols have been shown to be diagnostic markers to

characterize species within Hieracium rohacsense Kit. ex Kit. group (Svehlikova et al., 2002), Rosa
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L. species belonging to the section Gallicanae (Sarangowa et al., 2014), species for the genus Drosera
L. (Braunberger et al., 2015), Salvia L. species (Navaz Kharazian, 2014), Rhodiola L. species (Liu et
al., 2013) , Camellia sinensis (L.) Kuntze hybrids (Li et al., 2010). Phenolic compounds are not only
of interest for their taxonomical value but also for their biological activity. The literature describes
their anti-inflammatory, antibacterial, antioxidant, and enzyme inhibitory activities (Jordon-Thaden
and Louda, 2003; Jeong et al., 2008; Kuklev et al., 2013; Marrelli et al., 2013; Al-Shammari et al.,
2015; Tacchini et al., 2015; Marengo et al., 2018).

2.1.2. Statistical analysis

Since the P. casabonae samples investigated showed very similar polyphenolic profiles, Principal
Component Analysis (PCA), an unsupervised multivariate data analysis method, was applied to
evaluate the potential for discrimination among samples from different sites, using the 25 detected
compounds listed in Table 1 as variables (Marengo et al., 2017a).

Figure 2 reports score and loading plots. The first component (PC1), which explained 30.4% of the
variation, individually separated samples from Corsica from those from Sardinia, although samples
from Corsica were not clustered in a homogeneous group (Fig. 2A). Discrimination between samples
from the two Sardinian sites (Gennargentu and Iglesias) was less evident. Figure 2A shows that the
second component (26.5% of the variation) barely separated samples from Gennargentu and Iglesias.
The loading plot illustrates the influence of the variables in sample distribution (Fig. 2B). The PCA
results showed that twelve compounds with higher and lower weights in PC1 and PC2 (highlighted
in fig. 2B with black circles and squares, respectively) could be selected, quantified in each individual,
and submitted to ANOVA analysis, to determine whether there were statistically significant
differences among P. casabonae samples from Sardinia and Corsica. The variables for which co-
elution occurred were quantified by SRM (Selected Reaction Monitoring) acquisition, based on
specific transitions in ESI* for each compound. The SRM quantification showed that some
compounds were present in trace amounts in the extracts (tr<0.05 w/v); luteolin and diosmetin were
therefore not included in the following ANOVA statistical analysis.

Among the variables with lower weights in PC1, compounds 12 (quercetin hexoside), 24
(kaempferol) and 22 (quercetin) were significantly more abundant in statistical terms in samples from
Corsica than in those from Sardinia, while compound 11 (apigenin 7-O-glucoside) was more
abundant in Sardinian samples (in particular from Gennargentu) (Fig. 3). At the same time,
compounds 14 (succinyl-dicaffeqyoilquinic acid), 18 (succinyl-dicaffeoylquinic acid), and 19
(succinyl-p-coumaroyl-caffeoylquinic acid/succinyl-caffeoyl-p-coumaroylquinic acid), positively

correlated with PC1, were more abundant in samples from Sardinia. Although samples from Iglesias
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and Gennargentu were not easily discriminated, variables with positive and negative correlations with
PC2 were selected, in order to determine similarities or dissimilarities between the two Sardinian
sites. Among the three compounds positively correlated with PC2, compounds 9 (1,5 dicaffeoylquinic
acid) and 4 (quercetin 3-O-glucoside) had significantly higher concentrations in samples from
Gennargentu than in those from Iglesias; the same occurred for compound 5 (dicaffeoylquinic acid),
although the concentration difference was not statistically significant. At the same time, compounds
15 (succinyl-dicaffeoylquinic acid), 23 (apigenin) and 20 (succinyl-succinyl dicaffeoylquinic acid),
which were negatively correlated to PC2, were significantly more abundant in statistical terms in
samples from Iglesias than in those from Gennargentu. These results indicate that, although P.
casabonae samples from different sites have similar chemical compositions, there are some
differences in the relative abundance of common compounds, in particular between samples from
Sardinia and Corsica. The quantitative differences in Sardinian samples are slight, and thus not
sufficient to state that samples from the two Sardinian sites can clearly be discriminated. These few
intra-species quantitative differences may depend on the geographical origin and on environmental
factors such as temperature, humidity, etc. (Labra et al., 2004; Rahali et al., 2016). A biomolecular
analysis was then performed, to seek specific DNA regions not influenced by the environment as

markers for this species, to reliably evaluate the stability of P. casabonae.

2.2. Sequence analysis of P. casabonae deriving from the three sites

In this study, two nuclear regions (ITS, 5S-rRNA-NTS) and one mitochondrial gene (psbA-trnH) were
amplified and sequenced for each P. casabonae site. ITS and PsbA regions are usually used as
barcoding genes to discriminate and identify plant samples. The ITS region includes the partial
sequences of the 18S and 28S ribosomal RNA genes, and the complete sequences of the internal
transcribed spacers 1 and 2 and the 5.8S ribosomal RNA gene, while psbA-trnH consists of the
noncoding intergenic spacer of the photosystem Il protein D1 (Wu et al., 2011; Liu et al., 2014). The
5S-rRNA-NTS region is not considered a barcoding gene, but it has recently been used to evaluate the
phylogenetic relationships of some higher plant species. It refers to the non-transcribed spacer of the
gene linked to the 5S-rRNA, a ribosome component (Rubiolo et al., 2009; Gnavi et al., 2010; Marengo
et al., 2017b).

The data obtained in this study may be useful to integrate missing information in the GenBank
database, in order to obtain biomolecular markers able to discriminate the species and to verify the
intra-species stability or variability of these sequences.
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The nucleotide composition and the alignment of all the resulting sequences is shown in Fig.S2. ITS,
5s-rRNA-NTS and PsbA sequences are 729, 324, 504 bp, respectively. The alignment of the three site
sequences suggests a stability of these biomolecular markers for P. casabonae species, since no
nucleotide variation was detected among sequences originating from the sites on the two islands
where the species is considered endemic (Sardinia and Corsica).

A P. casabonae ITS sequence from Corsica (GU907728.1) is already available in GenBank. It is thus
interesting to evaluate similarities or differences with those from Sardinia and from a different
Corsican locality. The alignment of the ITS sequences obtained in this study with those from Southern
Corsica: Solaro (Musaei Parisiensis) (BC) shows 98% of query cover and 100% of identity with the
present data; this confirms the stability of this region for P. casabonae (Zhang et al., 2000; Vilatersana
etal., 2010).

A comparison with ITS sequences belonging to other Ptilostemon species, taken from GenBank, was
also made. The P. casabonae ITS sequence appears more similar (about 7-8 nucleotide position
variations, 99% of identity) to those of P. abylensis (Maire) Greuter, P. dyricola (Maire) Greuter, P.
rhiphaeus (Pau & Font Quer) Greuter, and P. strictus (Ten.) Greuter. The other Ptilostemon available
sequences show lower percentages of identity (Vilatersana et al., 2010).

Comparison of the P. casabonae PsbA sequence to that of the only Ptilostemon PsbA sequence (P.
afer AF129850.1) available in the database shows two variable sites at positions 296 and 335. A
thymine and an adenine are present in the P. afer (Jacq.) Greuter sequence, substituted, at the same
positions, by a guanine and a cytosine in the samples studied here. A gap is also present at the far end
of the sequence.

These data confirm that the ITS region could be considered a good molecular marker for P.
casabonae, since it shows inter-species variability and an intra-species stability. PsbA, likewise,
presents sequence stability among samples from the same species, and nucleotide variation among
different species; however, few sequences are present in the database, and it would be interesting to
increase the dataset to confirm the potential of PsbA as barcoding gene for Ptilostemon species.
Unfortunately, no other 5S-rRNA-NTS sequences are available in GenBank, making it impossible to
compare them to the nucleotide composition of this region from other species. This could be of
interest for further investigations on this gene, since this is a documented variable region, used also
to distinguish species varieties (Rubiolo et al., 2009; Gnavi et al., 2010; Sun et al., 2014).

3. Conclusions
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The study reports the first phytochemical investigation of the hydroalcoholic extract of the aerial parts
of the Mediterranean endemic species P. casabonae. Interesting compounds were detected in terms
of polyphenols, chiefly flavonoids and phenolic acid derivatives and their presence may support the
traditional use of this herb. The study also provides useful biomolecular markers for this plant,
enabling P. casabonae to be discriminated from other Ptilostemon species.

Despite some differences in abundance, the compounds present in extracts from the three sites were
qualitatively the same. Nor was any difference found in the nucleotide composition of the investigated
P. casabonae DNA regions from Sardinia and Corsica, confirming that the compound abundance
variability is due to environmental factors.

The combination of chemical and biomolecular patterns was found to be extremely useful to provide
a reliable P. casabonae fingerprint that can be used as a taxonomic tool, thanks to the intra-specific
geographical stability of the species. Moreover, the similar chemical pattern of samples from different
sites may be a positive feature for future applications of this plant in the food and well-being fields,

although further investigations will be necessary.

4. Experimental section

4.1. Chemicals

HPLC-grade acetonitrile (LC-MS grade), formic acid (> 98% purity), quercetin, apigenin, kaempferol
and rutin were from Sigma Aldrich (Bellefonte, USA). De-ionized water (18.2 MQ cm) was obtained
from a Milli-Q purification system (Millipore, Bedford, MA, USA). Luteolin, quercetin 3-O-
glucoside, kaempferol 3-O-rutinoside and apigenin 7-O-glucoside were from Extrasynthese (Genay
Cedex, France). Chlorogenic acid, cynarin, 1,5-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-
dicaffeoylquinic acid, luteolin 7-O-glucoside, luteolin 7-O-glucuronide, apigenin 7-O-glucuronide

and diosmetin were from Phytolab (Vestenbergsgreuth, Germany).

4.2. Plant material

P. casabonae (L.) Greuter (Compositae) aerial parts were collected from three natural populations:
two sites in Sardinia (Italy) and one site in Corsica (France). In detail, samples from Sardinia were
collected from Gennargentu (OG, 39°53'54.9"N -9°26'27.9"E) and Iglesias (SU, 39°21'45.8"N -
8°32'24.0"E) in June 2017. P. casabonae from Corsica was kindly collected by Prof. Felix Tomi
(Université de Corse Pascal Paoli) from Bocca di Tana (Southern Corsica, 41°45.791’N ;
009°02.300’E) in June 2017. Ten specimens were collected from each site. The fresh plant material

was dried at 40°C to constant weight. The plants were identified at the Department of Life and
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Environmental Sciences, University of Cagliari, Italy, where a voucher specimen was deposited
(CAG-796).

4.3. Extraction method

Five hundred mg of each dried and ground aerial part were submitted to ultrasonic extraction with 10
mL of methanol/water (70:30, v/v), thrice, for 10 min each. The resulting three extracts were
combined and centrifuged at 4000 rpm for 10 min. The supernatant was brought to a volume of 30
mL and filtered through a 13 mm diameter, 0.22 um pore diameter, hydrophilic PTFE syringe filter,
prior to HPLC-PDA-MS/MS analysis. Each extract was analysed three times and the repeatability of
extract composition was evaluated on at least three plants per site.

4.4. HPLC-PDA-MS/MS analysis and quantification

The chromatographic analysis was conducted on a Shimadzu Nexera x2 system equipped with a SPD-
M20A photodiode detector in series to a triple quadrupole Shimadzu LCMS-8040 system provided
with electrospray ionization (ESI) source (Shimadzu, Dusseldorf Germany) as reported by Marengo
et al., 2017a, without any modification. For the UV quantification, apigenin (A=340nm) and quercetin
3-O-glucoside (A=350nm) were used for quantification of the relative compounds. 1,5
dicaffeoylquinic acid (A=330nm) and p-coumaric acid (A=310nm) were used for quantification of
dicaffeoylquinic acid derivatives and coumaroyl-caffeoylquinic acid derivatives, respectively. Only
when co-elution was present, quantification by Selected Reaction Monitoring (SRM) acquisition in
ESI+ (collision energy: - 35.0 V for ESI+, dwell time: 20) on specific ion products derived from
precursor ion fragmentation was performed. The transitions, used for the quantification, were based
on the Product lon Scan (PIS) analysis of each standard (Fig. S3). Apigenin 7-O-glucoside
(433>271), luteolin (287->153), quercetin (303—>153), kaempferol (287->153) and diosmetin
(301->258) were used to quantify the relative compounds, quercetin 3-O-glucoside (465> 303) was
used to quantify quercetin hexoside since the two compounds showed a similar fragmentation pattern
(Fig. S3). Each standard solution and the extracts were analysed in three replicates. The calibration
curve of 1,5 dicaffeoylquinic acid was prepared with seven different concentrations in the range of
0.1-200 ug/mL. Five different concentrations were prepared for all other compounds, in the range of
0.1-25 pg/mL for all of them with the exception of p-coumaric acid/diosmetin and apigenin 7-O-
glucoside/luteolin whose concentration range was; 0.1-10 pg/mL and 0.1-5 pg/mL, respectively. The
determination coefficients were in the range of 0.996-1. The calibration curve equations were as
follows: apigenin (UV): y = 69736x - 1125,9; quercetin 3-O-glucoside (UV): y = 23785x + 1206,7;

10
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1,5 dicaffeoylquinic acid (UV): y =56041x — 137821; p-coumaric acid (UV): y = 190076x + 113336;
apigenin 7-O-glucoside (SRM): y = 3E+06x + 762083; quercetin 3-O-glucoside (SRM): y = 1E+06x
+ 163544, luteolin (SRM): y = 408509x + 268263; quercetin (SRM): y = 202793x - 6021,7;
kaempferol (SRM): y = 253441x + 116146; diosmetin (SRM): y = 2E+06x + 542654.

4.5. DNA extraction, PCR amplification and sequencing

Ten milligrams of leaves from each specimen were ground to a fine powder, with the addition of
approximately 5 mg polyvinylpolypyrrolidone (PVPP, Sigma Aldrich, Bellefonte, USA). Genomic
DNA was isolated from the ground powder using the Nucleospin Plant 1l Kit (Macherey Nagel,
Diren, Germany) following the manufacturer's instructions. The quantitative and qualitative analyses
of the isolated genomic DNA were assessed by spectrophotometry using a Nanophotometer (Implen
GmbH, Munich, Germany) and by gel electrophoresis. Approximately 20 ng of genomic DNA were
used as a template for PCR amplification, with forward and reverse primers specific for the
amplification of the ITS, 5S-rRNA-NTS and PsbA regions (Table S1). Amplification was performed
in a 25 pL reaction mixture containing 2.5 uL of 10x PCR buffer (Thermo-Scientific, Waltham, MA
USA), 0.2 mM deoxynucleotide triphosphates (dNTPs), 20 pmol of forward and reverse primers, and
0.5 U of Tag DNA polymerase (Thermo-Scientific, Waltham, MA USA). PCR reactions were carried
out in a T-Gradient Thermalcycler (Biometra, Jena, Germany). Cycling conditions consisted of an
initial 4 min at 94 °C, followed by 30 s denaturing at 94 °C, 45 s annealing, respectively at 53°, 52°,
and 56°C for ITS, 5s-rRNA-NTS, and PsbA, and 45 s elongation 72 °C, repeated for 35 cycles and
with 10 min final extension at 72 °C. PCR products were separated by 1.5% (w/v) agarose gel
electrophoresis and visualized by ethidium bromide staining under UV. PCR products were employed
as a template for sequencing (Eurofins Genomics, Vimodrone (Ml), Italy). Both DNA strands were

sequenced.

4.6. Statistical analysis

Peak areas (integrated at A=330nm and scaled to unit variance) obtained from the chemical analysis
were used for the Principal Component Analysis (PCA), to reduce the multivariate space over which
objects were distributed.

Abundance differences of characteristic compounds identified by PCA, among samples, were
determined by analysis of variance (ANOVA). One-way ANOVA and post hoc multiple means
comparison (Tukey’s range test) were carried out and statistical significance was accepted at p<0.05.
Both PCA and ANOVA were evaluated using SPSS 15.0 (IBM Corporation) software.
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Gene sequences were aligned with CLC sequence viewer software using default parameters to check
the integrity of each sample sequence. Consensus sequences, obtained by aligning the individual
sequences of each site, were then aligned by modifying the Gap Opening and Gap Extension Cost

values to 15 and 1, respectively.
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Figure captions

Figure 1. Representative profiles of P. casabonae hydroalcoholic extracts from different sites
(A=330nm, intensity range: 0-800000 mAU). For compound identities see Table 1. (A) P. casabonae
from Gennargentu (OG); (B) P. casabonae from San Benedetto (SU); (C) P. casabonae from Bocca

di Tana (Southern Corsica)

Figure 2. Principal Component Analysis (PCA) of 30 samples from different P. casabonae sites
based on the 25 informative compounds as variables. (A) Score plot of samples from the three P.
casabonae sites; (B) loading plot of the variables (compound numbers refer to Tablel). Black circle
and squares indicate potential discriminating variables for the three sites. (C) Score plot legend.

Figure 3. Concentration (w/v) of discriminating compounds selected by PCA analysis, in extracts
from each site. Bars indicate standard deviation of at least two technical replicates of 10 individuals
per site. Different letters indicate significant differences at p<0.05 for each compound (Tukey range
test).
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Tablel. List of identified and putatively-identified compounds in P. casabonae extracts. For each compound the relative

retention time, UV spectrum, pseudomolecular ions, fragment ions obtained by Product lon Scan mode (PIS) and

identified or tentatively-identified compound names are given. Identification Confidence values and references are also

included.
N° RT ) Mol. MS2+ MS?  Compound name IC®  References
max  weight m/z m/z
(nm)  g/mol
1@ 8.691 325 354 163 191 5-O-Caffeoylquinic  acid 1 (Li et al, 2014
(Chlorogenic Acid) Dimitrova-dyulgerova et
al., 2015)
28 15.068 329 516 163 191 1,3 Dicaffeoylquinic acid 1 (Li et al, 2014
(Cynarin) Dimitrova-dyulgerova et
al., 2015)
3 21.207 254 610 303 301 Quercetin ~ 3-O-rutinoside 1 (Li et al, 2014
352 (Rutin) Dimitrova-dyulgerova et
al., 2015)
42 21.726 260 464 303 301 Quercetin 3-O-glucoside 1 (Lietal., 2014)
352
5 23512 325 516 163 191 Dicaffeoylquinic acid 3 (Marengo et al., 2017a)
6 23.707 253 550 303 336 Quercetin 2 (Marengo et al., 2017a)
350 159 301 malonylhexoside
127 271
109 135
121
7 23.932 265 594 287 285 Kaempferol 3-O-rutinoside 1 (Marengo et al., 2017a)
344
8 23.932 330 632 163 335 Phenolic acid derivative 3 (Clifford et al., 2006)
145 191
133
92 24318 329 516 163 191 1,5 Dicaffeoylquinic acid 1 (Li et al., 2014; Marengo
etal., 2018)
102 24588 329 516 163 191 3,5 Dicaffeoylquinic acid 1 (Li et al., 2014; Marengo
etal., 2018)
112 25.042 337 432 271 269 Apigenin 7-O-glucoside 1 (Lietal., 2014)
266
12 25.042 255 464 303 301 Quercetin hexoside 3 (Marengo et al., 2017a)
351
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371
372
373
374

375

132

14

15

162

17

18

19

20

218

228

232

242

252

25.322

25.736

26.165

26.373

26.965

27.807

28.331

29.188

30.321

30.321

33.178

33.565

33.565

335

266

330

330

329

313

330

319

325

349
252
266
369
254

336
267

365
265

345
267

446

616

616

516

500

616

600

716

286

302

270

286

300

271

163

163

163

163;1
45;13
5:;119

163

163;1
47

163

135;1
37;15
3;161
127;1
37;15
3,165
119;1
53;16
3
12151
37;15
3,165
258;2
86

269

191

191

191

337

191

163

191

337

191

173

191

256
284

Apigenin 7-O-glucuronide

Succinyl-dicaffeoylquinic
acid
Succinyl-dicaffeoylquinic
acid

4,5 Dicaffeoylquinic acid

p-coumaroyl-
caffeoylquinic
acid/caffeoyl-p-
coumaroylquinic acid
Succinyl-dicaffeoylquinic
acid
Succinyl-p-coumaroyl-
caffeoylquinic
acid/Succinyl-caffeayl-p-
coumaroylquinic acid
Succinyl-succinyl
Dicaffeoylquinic acid

Luteolin

Quercetin

Apigenin

Kaempferol

Diosmetin

(Lietal., 2014)

(Marengo et al., 2018)

(Marengo et al., 2018)

(Li et al., 2014; Marengo
etal., 2018)
(Clifford et al., 2006; Li
etal., 2014)

(Marengo et al., 2018)

(Clifford et al., 2006; Li
et al., 2014; Marengo et
al., 2018)

(Marengo et al., 2018)

(Li et al, 2014
Dimitrova-dyulgerova et
al., 2015)

(Lietal., 2014)

(Li et al, 2014
Dimitrova-dyulgerova et
al., 2015)

(Li et al, 2014
Dimitrova-dyulgerova et
al., 2015)

(Li et al., 2014; Marengo
etal., 2017a)

2 Compounds identified by comparison with reference standards.

®The ldentification Confidence value is in agreement with the CAWG (2007) guidelines and indicates: Level 1: Identified

compound (a minimum of two independent orthogonal data (such as retention time and mass spectrum) compared directly

to an authentic reference standard; Level 2: Putatively annotated compound (similarity of chromatographic and spectral

data to published data); Level 3: Putatively characterized class of compounds
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