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Abstract

The genus Pistacia (Anacardiaceae family) is represented by several species, of which only P. vera
L. produces edible seeds (pistachio). Despite the different flavor and taste, a correct identification of
pistachio varieties based on the sole phenotypic character is sometimes hard to achieve. Here we used
a combination of chemical partitioning and molecular fingerprinting for the unequivocal
identification of commercial pistachio seed varieties (Bronte, Kern, Kerman, Larnaka, Mateur and
Mawardi) of different geographical origin. The total phenolic content was higherin the variety Bronte
followed by Larnaka and Mawardi cultivars. The total anthocyanin content was higher in Bronte and
Larnaka varieties, whereas the total proanthocyanidin content was higher in Bronte, followed by
Mawardi and Larnaka varieties. HPLC-DAD-ESI-MS/MS analyses revealed significant (P<0.05)
higher amounts of cyanidin-3-glucoside, idein, eryodictol-7-galactoside, quercetin-3-glucoside,
luteolin-glucoside and marein in the variety Bronte, whereas higher amounts of peonidin-3-glucoside,
okanin 4'-galactoside, hyperoside and quercetin-4’-glucoside were found in the variety Larnaka. The
highest content of catechin was found in the Mawardi variety. A significantly (P<0.05) higher total
amount of fatty acids was found in the vatietiessMateur, Kern and Bronte, followed by the varieties
Larnaka and Mawardi,whereas the variety Kerman showed the lowest total fatty acid content. GC-
FID and GC-MS-analyses revealed the presence of several polyunsaturated fatty acids. Kern and
Mateur varieties showed a significantly (P<0.05) higher amount of linoleic acid, whereas the variety
Bronte showed the highest amount of oleic acid. Molecular fingerprinting was achieved by ITS DNA
PCR-RELP analysis. Three different restriction enzymes (Rsal, Taqal and Pstl) were used to
selectively cleave the resulting amplicons. A Taqal site could be selectively found in the varieties
Kerman, Larnaka and Mateur, whereas the digestion of the PCR products by Rsal gave specific
patters exclusively on Bronte and Mawardi. Digestion by Pst¢/ gave specific patters exclusively on

the Kern variety. The results showed that the Mediterranean varieties (Mateur, Bronte and Larnaka)



45

46

47

48

49

50

51

52

53
54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

show similar chemical patterns and (particularly for Mateur and Larnaka) a close phylogenetic

relationship, allowing a chemical and molecular partitioning with respect to the other varieties.

Keywords

Pistacia vera; Anacardiaceae; anthocyanins; proanthocyanidins; flavonoids; fatty acids; Internal

Transcribed Spacer (ITS).

1. Introduction

The genus Pistacia (Anacardiaceae) consists of at least 12 tree and shrub species, of which only
Pistacia vera L. produces edible nuts (pistachio). Originating from the arid zones of Western Asia
(especially Iran, Iraq, Syria and Turkey), P. vera cultivation has spread outside the traditional
geographical regions (Khanazarov et alg 2009). In the Mediterranean area, local varieties were
selected, including Bronte in Italy, Larnaka in Greece, and Mateur in Spain, which were
commercialized all over the world. P. vera is also cultivated in the USA (California), because of the
favourable climate, dry conditions and:moderately cold winters (Benmoussa et al., 2017). The fruit
is a drupe, containing an elongated seed, which is the edible portion. The seed has a mauve-coloured
skin and light green flesh, with a'distinctive flavour (Fabani et al., 2013). From a phytochemical point
of view, several bioactive compounds have been identified in pistachio, including healthy lipids
(Shahidi et.al., 2007) and polyphenols (Fabani et al., 2013). /n vivo studies showed a positive
correlation between pistachio intake and reduced risk of cardiovascular disease (Gebauer et al., 2008;
Tomaino et al., 2010). Moreover, pistachio consumption significantly improves oxidative stress of
healthy individuals and lowers the levels of circulating inflammatory biomarkers, by ranking among
the first 50 food products with the highest antioxidant potential (Sari et al., 2010). Some pistachio

varieties contain substantial amounts of polyphenols that show radical-scavenging and anti-oxidative
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properties and possess anti-inflammatory activities in in vitro models (Gentile et al., 2012; Gentile et
al., 2015).

Pistachio seed kernels contain over 50% lipids, whereas polyphenols are mostly found in the seed
skin, which is usually removed and treated as a waste (Aslan et al., 2002; Catalan et al., 2017). Despite
the different flavour and taste, a correct identification of pistachio varieties simply based on the
phenotypic parameters is not always possible. Therefore, the use of chemical and molecular profiling
methods has been studied in pistachio, in order to help discrimination of varieties from different
geographical origin. Chemical partitioning allowed pistachio geographical discrimination thought the
identification of specific markers or entire metabolite profiling (Sobolev et al.; 2017) using elemental
analysis (Anderson and Smith, 2005), carbon and nitrogen isotope analyses (Anderson and Smith,
2006), heavy metals (Taghizadeh et al., 2017), phenolic profile (Saitta et al., 2014; Taghizadeh et al.,
2018), essential oils (Dragull et al., 2010) and triacylglycerols (Ballistreri et al., 2010). Biomolecular
characterization of pistachio also revealéd to be a potent tool for variety discrimination through
analysis of chloroplast DNA (Parfitt and Badenes, 1997; Sarra et al., 2015), RFLP analysis (Parfitt
and Badenes, 1998), RAPD¢analysis (Hormaza et al., 1994), SSR-based genetic linkage map
(Khodaeiaminjan et al., 2018) and retrotransposon markers (Kirdok and Ciftci, 2016). ITS is widely
used in plant molecular systematics at the generic and species levels because of its potentially high
resolution of inter- and intraspecific relationships (Cheng et al. 2016).

The aim of this study was to analyze the seed chemical composition and bimolecular profile of six
pistachio commereial varieties (i.e., Bronte, Kerman, Kern, Larnaka, Mawardi and Mateur) from
different geographical areas, rather than assessing the genetic variability among natural populations
of P. vera cultivars. Chemical analyses included the characterization of phenolic compounds and fatty
acids, whereas the DNA Restriction Fragment Length Polymorphism (PCR-RFLP) analysis was
performed on the pistachio internal transcribed spacer (ITS). To our knowledge, there are no data on
the ITS characterization and on the combined use of ITS and chemical data for the geographical

partitioning of pistachio varieties. The combination of chemical and molecular data provided an
4
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interesting integrated approach for the unequivocal identification of commercial pistachio seeds of

different geographical origin.

2. Results and Discussion

2.1. The chemical partitioning of pistachio varieties from different geographical origin shows a
significant differentiation in seed skin flavonoids and anthocyanins

The total phenolic content (TPC) of the six pistachio varieties was quantified both in the seed flesh
and skin. In general, significant differences were found among the six. pistachio varieties. The skin
TPC ranged between 91.37 (£01.04) and 363.75 (£16.50)Mg g°!.d.wt., whereas the TPC of seed flash
was much lower (Table 1). The highest skin TPC was found in Brente followed by Larnaka and
Mawardi, whereas Kerman showed the lowest value.:Similar TPC values have been reported for the
Bronte (Martorana et al., 2013; Tsantili et al., 2011) and Kerman (Yang et al., 2009) varieties.

P. vera produces seeds containing anthocyanins (Bellomo and Fallico, 2007; Schulze-Kaysers et al.,
2015), which are mainly stored in the seed skin{(Tomaino et al., 2010). Table 1 shows the variability
of the total anthocyanin centent (TAC) of the six pistachio varieties under study. Significant
differences were found.in the skin among the six varieties, with the sole exception for Kern and
Mawardi varieties. The highest TAC was found in Bronte and Larnaka varieties (Table 1). We found
a positive correlation between TAC and TPC (p = 0.86), suggesting a possible contribution of TAC
to the TPC. No anthocyanins were detected in the seed flash. Our results are consistent with
previously reported data (Bellomo and Fallico, 2007; Liu et al., 2014; Seeram et al., 2000).
Proanthocyanidins (PACs) are the major polyphenolic compounds of some pistachio varieties
(Gentile et al., 2015; Taghizadeh et al., 2018) and play a major role as bioactive component in in vitro
inflammatory models (Gentile et al., 2012). High contents of total PACs (TPACs) were found in the

skins of the pistachio varieties under study and were absent in the seed flesh (Table 1). The variety
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Bronte showed the highest TPACs followed by Mawardi and Larnaka varieties, whereas the variety
Kern showed the lowest content. Intermediate values were shown by Kerman and Mateur varieties.
Supplementary Table S1 provides further information on statistical analyses.

Owing to the almost complete lack of phenolic compounds in the seed flesh in the six pistachio
varieties, we restricted their analysis to seed skins. In general, only small differences were detected
in the variety qualitative profile whereas a quantitative significant difference was found. In all
varieties, the most abundant compound was cyanidin-3-glucoside (1), followed by idein (2),
eriodictyol-7-glucoside (3), eriodictyol-7-galactoside (4) and catechin (5). Other common
compounds were peonidin-3-glucoside (6), hyperoside (7), quercetin-3-glucoside (8), quercetin-4’-
glucoside (9). Luteolin-glucoside (10) and marein (11) were absent in Mawardi and Larnaka varieties,
whereas okanin 4'-O-galactoside (12) was absent in the variety Kern (Table 2). Significant (P<0.05)
higher amounts of cyanidin-3-glucoside (1), idein (2), eryodictol-7-galactoside (4), quercetin-3-
glucoside (8), luteolin-glucoside (10) and marein (11) were found in the variety Bronte, in agreement
with literature data (Barreca et al., 2016; Martorana et al., 2013; Tomaino et al., 2010). The variety
Larnaka showed significantly (P<0.05) higher amounts of eryodictol-7-galactoside (4), peonidin-3-
glucoside (6), okanin 4'-galactoside (12), hyperoside (7) and quercetin-4’-glucoside (9). The highest
content of catechin (5) was found in the Mawardi variety (Table 2). A similar polyphenolic profile
has been previously reported in pistachio extracts (Ersan et al., 2017, 2018; Fabani et al., 2013; Goli
et al., 2005; Grace et al., 2016; Lalegani et al., 2018; Rodriguez-Bencomo et al., 2015; Sonmezdag et
al., 2018) and fruit skin (Tas and Gokmen, 2017). Figure 1 shows the chemical formulae of the
identified phenolic compounds.

The Principal Component Analysis (PCA) calculated on the data matrix of Tables 1 and 2 with
varimax rotation explained 57.59% and 20.57% of the total variance for PC1 and PC2, respectively.
Positive factor scores for PC1 discriminated the Mediterranean varieties Larnaka and Bronte because
of high TPC and the highest content of cyanidin-3-glucoside (1) and idein (2). Negative PC1 factors

scores separated all other varieties (Fig. 2). The varieties Kerman and Mawardi were separated by
6
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both PC1 and PC2 negative factor scores because of the low content of luteolin-glucoside (10),
whereas the Bronte variety was separated by both PC1 and PC2 positive factor scores because of the
highest TAC, TPC and TPACs values. Supplementary Figure S1 shows the partitioning of the

different phenolic compounds based on PC1 and PC2 factor scores.

2.2 Linoleic acid and oleic acid contribute to the chemical partitioning of pistachio seed flashes.
The pistachio fatty acid composition has been used for the differentiation-of varieties of different
geographical origin (Acar et al., 2008; Arena et al., 2007; Aslan et al., 2002; Chahed et al., 2008;
Rabadan et al., 2018; Rabadan et al., 2017), providing useful criteria for origin“authentication of
pistachio seeds. As expected, the fatty acid content of the six pistachio variety was mainly present tin
the seed flash. In general, a significantly (P<0.05) higher total amount of the identified fatty acids
was found in the varieties Mateur, Kern and Bronte; followed by the varieties Larnaka and Mawardi,
whereas the variety Kerman showed the lowest total fatty acid amount (Table 3). The two main
identified fatty acids were linoleic a¢id (13) and oleic acid (14), in accordance with the literature data
(Catalan et al., 2017; Dreher;2012; Pantano et al., 2016). With respect to the other varieties, Kern
and Mateur showed a significantly (P<0.05) higher amounts of linoleic acid (13), whereas the variety
Bronte showed the highest.amount of oleic acid (14). Other minor fatty acids included mono and
polyunsaturated fatty acidsi(Table 3). Our results are in agreement with previously reported data
(Grace et al., 2016; Linget al., 2016; Ojeda-Amador et al., 2018; Pantano et al., 2016; Rodriguez-
Bencomo et.al., 2015).

The Principal Component Analysis (PCA) calculated on the data matrix of Table 3 with varimax
rotation explained 40.95% and 32.60% of the total variance for PC1 and PC2, respectively (Fig. 3).
Positive factor scores discriminated the Mediterranean varieties Larnaka and Bronte because of the
higher content of oleic acid (14), whereas negative factors scores separated the Californian variety
Kerman because of the lowest total fatty acid content. The Mawardi variety was separated by positive

PC1 and Negative PC2 factor scores because of the lowest content of linoleic acid (13) whereas Kern
7
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and Mateur varieties were separated by positive PC2 and negative PC1 factor scores because of
similar fatty acid contents. Supplementary Figure S2 shows the partitioning of the different fatty acids
based on PC1 and PC2 factor scores.

The PCA calculated on the overall data of Tables 1-3 with varimax rotation explained 41.80% and
28.35% of the total variance for PC1 and PC2, respectively (Fig. 4). The combination of phenolic
compounds and fatty acids confirms the separation of the Mediterranean varieties Mateur, Bronte and
Larnaka by positive factor scores of the PC1 and better separates the varieties Kern, Kerman and
Mawardi by negative factor scores of PC1 (Fig. 3). Supplementary Figure S3 shows the distribution

of the different chemical compounds on the two main PCs of the PCA.

2.3. DNA fingerprinting using PCR-RFLP analysis. reveals significant differences in pistachio
varieties of different geographical origin

In order to provide a molecular fingerprinting of the six pistachio varieties, ITS-1 coupled with ITS-
4 was used for PCR amplification.Supplementary Figure S4 shows the nucleotide sequence of the
ITS regions of the six varieties.

The ITS amplified sequences were 722bp long (Fig. 5 lanes 1-6) (NCBI GenBank Accession Nos:
MH444649, 1TS1-4 Bronte; MH444689, I'TS1-4 Kerman; MH444724, 1TS1-4 Kern; MH444735,
ITS1-4 Larnaka; MH444780,1TS1-4 Mateur; MH444793, ITS1-4 Mawardi) and the alignment
of the six verities sequences shows that 98.75% of the sites are conserved. In particular, out of the
1.25% wvariable sites, 0.83% provide little information and 0.42% are singleton sites. The ITS
fragments were compared by BLAST alignment to other sequences deposited in GeneBank, and the
analysis provided a match almost identical to P. vera (Sequence ID: AY677201.1) with a 99% query
score.

In order to better characterize the varieties showing DNA fragments of similar size, a PCR-RFLP
method was applied. Three different restriction enzymes (Rsal, Taqal and Pstl) were used to

selectively cleave the resulting amplicons. From the identified sequences, a Taqal site could be
8
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selectively found in the varieties Kerman (Fig. 5 lane 7), Larnaka (Fig. 4 lane 8) and Mateur (Fig. 5
lane 9), giving five fragments of 76, 86, 90, 185 and 280 bp. Digestion of the PCR products by Rsal
gave specific patters exclusively on Bronte (Fig. 5 lane 10) and Mawardi (Fig. 5 lane 11) variety
sequences, by producing two fragments of 182 and 550 bp. Finally, PCR products from the different
varieties were digested by Pst/, which produced two fragments of 92 and 630 bps exclusively on the
Kern variety (Fig. 5 lane 12). These results show that it is possible to differentiate among the six
species investigated, not exclusively by chemical characterization, but also by fingerprinting analysis.
Supplementary Table S2 provides the sequence of each ITS fragments generated after RFLP analysis
with Rsal, Taqal and Pstl restriction enzymes.

The sequences were further analyzed by the neighbour joining (NJ) method to infer phylogenetic
relationship among the pistachio varieties. Figure 6 shows the phylogenetic tree where the Mawardi
and Bronte varieties and Mateur and Larnaka form independent clusters, which robustness is
supported by high bootstrap scores. Our data are.in agreement with DNA-RAPD markers on P. vera

phylogenetics (Hormaza et al., 1994).

3. Conclusions

The combination'of DNIAcanalysis and phytochemical analyses is increasingly used to provide new
tools for the unequivocal 1dentification of plants. The stability of DNA fingerprinting is a solid
method that supports the chemical partitioning. Despite some controversy exists over the value of
DNA barcoding, largely because of the perception that this method would diminish rather than
enhance traditional morphology-based taxonomy, an increasing number of gene sequences is now
available for DNA barcoding of flowering plants (Cheng et al., 2016).

In this work we showed that different varieties of pistachio, a plant with a high food value and
phytochemical potential, show a remarkable variability, both at the genomic and gene products

(phenolic compounds and fatty acids) levels. By using both molecular and chemical data it is possible
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to partition the different pistachio varieties according to their geographical origin. In particular, the
Mediterranean varieties (Mateur, Bornate and Larnaka) show similar chemical patterns and (in the
case of Mateur and Larnaka) a close phylogenetic relationship.

Owing to the increased interest and relevance of P. vera as a food plant and as a source of interesting
phytochemicals with pharmaceutical properties, the identification of bioactive phenolic compounds
and specific gene sequences by PCR-RFLP described in this work offers a valuable tool for a rapid

and unequivocal identification of pistachio varieties of different geographical origin.

4. Experimental

4.1. Plant material

Seeds of different varieties of Pistacia vera L. (Bronte from Sicily, Mawardi from Turkey, Larnaka
from Greece, Kern from Iran, Kerman from U.S.A.; California and Mateur from Spain) were kindly
provided by Pistacchio dell’Etna Srl (Bronte, Italy) and by D1 Sano Srl (Rozzano, Italy). Seeds were
stored in the dark at 4°C before extraction. At least three technical replicates were done for each lot

of seeds.

4.2. Extraction of phenolic. compounds

The seed 'skin and.flash of each variety was manually separated and extracted in 75:25 v/v
ethanol:water selution, for 3 days in the dark at room temperature, using a 1:20 w/v extraction ratio.
After centrifugation (10 min at 10,000 g, 4°C) and filtration through a Millex HV 0.45 um filter
(Millipore, Billerica, MA), the supernatants were recovered and stored at -80°C until analysis. For
each variety, the extraction was performed in triplicate. Lipophilic extracts of seed flash were
obtained by Soxhlet extraction by using cyclohexane (1:10, w/v). After extraction, the solvent was

removed with a nitrogen flow.

10
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4.3. Total phenolic compounds content

The total phenolic compounds content (TPC) was determined by the Folin-Ciocalteu’s method
(Singleton et al., 1999). Gallic acid (GA) was used for the preparation of the calibration curve (see
Supplementary Table S3) and the results were expressed as mg GA g! d.wt. All measurements were

repeated three times.

4.4. Total anthocyanin content
The total anthocyanin content (TAC) was measured using the differential pH.method (Elisia et al.,
2007). Cyanidin chloride (CC) was used as standard and the totalanthocyanin content was expressed

as mg CC g'! d.wt. (see Supplementary Table S3). All measurement§'weresperformed in triplicate.

4.5. Total proanthocyanidin (PAC) content

The 4-(dimethylamino)-cinnamaldehyde (DMAC) assay was used to evaluate the total amount of
PACs according to Prior et al«(2010) with minor modifications (Occhipinti et al., 2016). The total
PAC content was quantified via an external calibration curve made with a pure PAC-A2 standard and

was expressed as mg PAC-A2 g d.wt.. The measurements were performed in triplicate.

4.6. HPLC-DAD-ESI-MS/MS analysis of phenolic compounds

The HPLC system consisted of an Agilent Technologies 1200 coupled to a DAD and a 6330 Series
Ion Trap LC-MS System (Agilent Technologies, USA) equipped with an electrospray ionization
(ESI) source. The chromatographic separation was carried out at constant flow rate (0.2 ml min™').
The column was a reverse phase C18 Luna column (3.00 um, 150 x 3.0 mm i.d., Phenomenex, USA).
maintained at 25°C by an Agilent 1100 HPLC G1316A Column Compartment. The UV-VIS spectra

were recorded between 220 and 650 nm and the chromatographic profiles were registered at 220, 280,

11
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360 and 520 nm. Tandem mass spectrometry analyses were performed operating either in negative
mode (for flavonoids) or in positive mode (for anthocyanins). The nitrogen flow rate was set at 5.0
ml min! and maintained at 325°C, whereas the capillary voltage was set at 1.5 kV. Helium was used
as a collision gas. Compound identification was carried out by comparison of the retention time and
UV-VIS/MS spectra with those of authentic reference compounds or using literature data.

4.6.1 Flavonoid analysis. The binary solvent system for flavonoid analysis was MilliQ H»O acidified
with 0.1% v/v (Solvent A) (Millipore, Billerica, MA, USA) and ACN acidifiedwith 0. 1% w/v formic
acid (Solvent B). Samples were separated by the following gradient::97% A and 3% B as initial
conditions, 70% A and 30% B for 35 min, and then 2% A and 98% B for 5 min. The concentration
of A was maintained at 2% for 5 min and eventually was raised to the initial condition before the next
injection. Sample injection volume was 5 pl.

4.6.2 Anthocyanin analysis. The binary solvent system for anthocyanin analysis was MilliQ H,O
acidified with 0.1% (v/v) formic acid (Solvent A).and MetOH 50% v/v acidified with 10% v/v formic
acid (Sigma-Aldrich, USA) (Solvent B). The elution method involved a multistep linear solvent
gradient changing from an initial concentration of 85% A and 15% B to 55% A and 45% B in 15 min.
Finally, the gradient was 30% A and 70% B in 20 min. The concentration of solvent A was decreased

to 2% and was maintained for S'min before the next injection. Sample injection volume was 15 pl.

4.7. Fatty acid analysis

The Soxhlet extract was esterified with boron tri-fluoride (10% w/v in methanol). Fifty pg
heptadecanoic acid (C17:0) were added as internal standard (Maffei and Peracino, 1993). Fatty acid
methyl esters (FAME) were obtained by acid catalysis according to Christie and Han (2010) and were
dehydrated with anhydrous MgSO4. FAME identification and quantification was performed by GC-
MS (5975T, AgilentTechnologies, USA) and by GC-FID (GC-2010 Plus, SHIMADZU, Japan),
respectively. The GC carrier gas was helium with a constant flux of 1 ml min™!, and separation was

obtained with a non-polar capillary column ZB5-MS (30 m length, 250 um diameter and stationary
12
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phase thickness of 0,25 pm, 5% phenyl-arylene and 95% poly-dimethyl siloxane) (Phenomenex,
USA). The following temperature conditions was used: injector 250°C, oven initially at 60 °C, held
for 1 minute and raised to 180°C (10.0°C min™' and held for 1 minute). Then the temperature was
brought to 230 °C (1.0 °C min™!' and held for 2 minutes) and to 320 °C (15 °C min™) held for 5
minutes. Same column and chromatographic condition were used for both GC-MS and GC-FID
analyses. MS parameters were: ionization energy of the ion source was set to 70. eV and the
acquisition mode was set to 50-350 m/z. Compounds were identified through.comparison of mass
fragmentation spectra with reference NIST 98 spectra or by compatison of Kovats indexes and
internal standard co-injection of pure standards (Sigma-Aldrich, USA). FAME quantification was
obtained by internal standard. At least three technical replicates were run for each lot of pistachio

cultivars.

4.8. DNA fingerprinting
4.8.1. DNA extraction, PCR amplification, subcloning and sequencing. Whole pistachio seeds were

pulverized in liquid nitrogen using a mortar and pestle. Genomic DNA was extracted and quantified
according to Capuzzo andMaffei (2014). Briefly, twenty ng of genomic DNA were used as a template
for PCR amplification with specific primers for ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") and
ITS4 (3'-CCGCAGGTTCACCTACGGA-5"). PCR products were separated by 1.0% (w/v) agarose
gel electrophoresis and visualized by GelRed (Biotium) staining under UV, and purified from the gel
using the:NucleoSpin Gel and PCR Clean-up kit (Macherey-Nagel). The purified product was used
for subcloning using the TOPO-TA Cloning Kit (Thermo Fisher Scientific) and then transformed in
Escherichia coli Subcloning DH5a Efficiency Competent Cells (Invitrogen, Paisley, UK). Colonies
containing DNA inserts of the correct size were picked and grown overnight in 5 ml Luria-Bertani
liquid medium. The mini-preparation of plasmid DNAs was carried out using NucleoSpin Plasmid
Miniprep Kit (Macherey-Nage). Plasmid DNAs were used as a template for sequencing (Macrogen,

Wageningen, Holland). Both DNA strands were sequenced.
13
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4.8.2 PCR-RFLP. PCR products of the ITS gene were digested at 37°C for 15 min with either 10 U
Rsal, Pstl (NEB, New England Biolabs, Ipswich, AM, USA) or Tagl (NEB, New England Biolabs,
Ipswich, AM, USA) at 65°C for 60 min. One microliter of each digestion reaction was analyzed by
capillary gel electrophoresis (CGE) using the Agilent 2100 Bioanalyzer (Agilent Technologies) and

the DNA 1000 LabChip Kit (Agilent Technologies) following the manufacturer's instructions.

4.10. Statistical analyses

Statistical analyses were performed in order to assess the errors related to.the analytical procedures,
rather than assessing the internal variability among the different.cultivars.'Data.are expressed as the
mean of three technical replicates for each lot of seeds. ANOV A followedby Tukey—Kramer’s HSD
post-hoc test (P < 0.05) was used to determine significant differences. Principal Component Analysis
(PCA) was performed by using covariant matrix of extraction and varimax rotation. All statistical
analyses were performed by using the SYSTAT 10 software. The cladogram of gene sequences was
performed with ClustalX software by.usiig the. Neighbour Joining (NJ) method. Bootstrap values

were calculated from 100 resamplings of the alignment data.
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Figures legend

Figure 1. Structure formulae of the phenolic compounds and fatty acids characterizing the pistachio
varieties under study.

Figure 2. Scatter plot of the principal components (PC1 and PC2) factor scores calculated on the
PCA of phenolic compounds of the pistachio varieties of different geographical origin using the data
matrix of Tables 1 and 2. A clear separation is obtained for the Mediterranean varieties. Bronte and
Larnaka, the Californian variety Kerman and the other varieties. See also Supplementary Figure S1
for the chemical partitioning of compounds.

Figure 3. Scatter plot of the principal components (PC1 and PC2) factor scores calculated on the
PCA of fatty acids of the pistachio varieties of different geographical origin obtained from the data
matrix of Table 3. A clear separation is obtained for the Mediterranean varieties Bronte and Larnaka,
the Californian variety Kerman, the Turkish variety Mawardi‘and the other varieties. See also
Supplementary Figure S2 for the chemical partitioning of compounds.

Figure 4. Scatter plot of the principal components (PC1 and PC2) factor scores calculated on the
PCA of phenolic compounds and fatty acids of the pistachio varieties of different geographical origin
using the data of Tables 1-3. A clear separation is obtained for the Mediterranean varieties Mateur,
Bronte and Larnaka, the Californian variety Kerman and the other varieties. See also Supplementary
Figure S3 forthe chemical partitioning of compounds.

Figure 5. PCR productsafter capillary gel electrophoresis analysis of the ITS region of some Pistacia
vera vatieties,of different geographical origin. Whole ITS sequence of Bronte (lane 1), Kerman (lane
2), Larnaka (lane 3), Kern (lane 4), Mateur (lane 5) and Mawardi (lane 6) varieties. All sequences
have a length of about 720 bp. PCR—RFLP analysis using Taqal pistachio digested PCR products
produces five fragments of 75, 85, 90, 185 and 280 bp in Kerman (lane 7), Larnaka (lane 8) and
Mateur (lane 9) varieties. Digestion of the PCR products from Rsal restriction enzyme activity on

Bronte (lane 10) and Mawardi (lane 11) gives two fragments of 180 and 550 bp. Digestion of the
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PCR products from Pstl produces two fragments of 90 and 630 bp on the Kern (lane 12) variety. L =
bp markers. The PCR products were separated by using the Agilent 2100 Bioanalyzer and the DNA
1000 LabChip Kit (Agilent Technologies). See Supplementary Table S2 for sequence data.

Figure 6. Cladogram of gene sequences performed with ClustalX software by using the Neighbour
Joining (NJ) method of some Pistacia vera varieties of different geographical origin. A close
phylogenetic relationship is present between the Mediterranean Mateur and Larnaka varieties. These
two varieties are phylogenetically related to Kern and Kerman varieties. A closerelationship is found
between Bronte and Mawardi varieties. Bootstrap values were calculated from 100 resamplings of

the alignment data.
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546  Table 1. Total polyphenolic content (TPC), total proanthocyanidins content (TPACs) and total anthocyanin content (TAC) of some
547  pistachio varieties of different geographical origin. Mean values are expressed as mg g d.wt. (+ SD). Foreach ¢olumn, different letters

548 indicate significant (P < 0.05) differences.

TPC TPACs TAC

Variety Seed flesh Seed Skin Seed flesh Seed Skin Seed flesh Seed. SKin

Bronte 1.55 (£ 0.08)*  363.75 (£ 16.5) n.d. 177.57 (£ 0.40)? n.d. 27.31.(+ 1.11)®
Kerman  1.93 (£ 0.03)° 91.37 (+ 1.04)° n.d. 88.51 (£2.71)° n.d. 2.84 (£0.12)°
Larnaka  1.74 (£ 0.04)°  334.64 (x 15.41)° n.d. 155.09 (£ 3.63)¢ n.d. 2424 (+ 0.24)°
Kern 0.24 (£ 0.01)¢ 14091 (= 11.6)¢ n.d. 54.48 (+ 0.45)¢ n.d. 6.34 (+ 0.36)¢
Mateur  0.18 (£ 0.01)¢  181.55 (£ 5.07)° n.d. 95.20 (£ 3.35)° n.d. 9.79 (+ 0.64)°
Mawardi  0.18 (£ 0.02)  290.28 (+ 5.82)f n.d. 159.69 (£2:35)° n.d. 6.74 (+ 0.37)¢

549
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554

Table 2. Qualitative and quantitative chemical analysis of the phenolic compounds present in the seed skin of some pistachio varieties of different

geographical origin. Mean values are expressed as ug g’ d.wt. (= SD). Within the same line, different letters indicate significant (P < 0.05) differences.

Compound

[M-HJ
[M-H]*

m/z

Varieties

Bronte

Kerman

Larnaka

Kern

Mateur

Mawardi

Eriodictyol-7-galactoside
Idein
Cyanidin-3-glucoside*
Eriodictyol-7-glucoside
Peonidin-3-O-glycoside*
Catechin

Okanin 4'-O-galactoside
Hyperoside
Quercetin-3-O-Glucoside
Marein
Luteolin-glucoside

Quercetin-4'-O-Glucoside

16.4
18.7
18.7
22.7
239
25.0
26.8
26.8
29.8
32.8
33.0
34.0

449
449
449
449
463

449
463
463
449
447
463

288
286
286
288
301
289
288
302
302
288
286
302

360
520
520
360
520
280
280
360
360
360
360
360

7171 (+ 1.14)°
1885.06 (& 23.58)°
5297.52 (+ 109.31)?
1194.42 +( 27.91)°
120.03 (& 3.56)°
1298.14 (+ 35.78)°
325.42 (£ 6.48)°
314.47(+6.27)
248.6(24.96)°
22123 (& 4.41)
1029.3 (£21.46)
57.43 (+ 0.1

43.67 (£ 0.53)°
90.58 (+ 1.72)®
737.62 (£12557)
168.71 (£1.11)°
23.46 (+ 0.64)P
230.05 (£5.68)°
66.55 (& 20)°
8235 (+ 1.72)P
964 (& 3.56)°
107.91 (£ 2.57)
19.24 (£ 0.73)°
44.95 (£ 1.08)°

366.67 (£9.46)°
1774.73 (% 39.88)¢
5063.01 (= 97.01)°
1116.88 (£22.44)°

244.31 (£ 7.07)°
1931.68 (+45.81)°

398.75 (£ 4.10)°

533.95 (£5.3)°

195.04 (£ 1.24)°

n.d.
n.d.
89.17 (+2.23)°

135.14 (+ 4.68)
661.66 (+ 16.5)

116.9 (& 5.54)°
739.3 (£ 12.47)

2219.66 (£ 46.64)" 2515.56 (+ 45.92)°

425.76 (+3.61)°
103.06 (+ 1.72)¢
172,61 (& 2.38)°
n.d.
131.47 (+3.2)¢
139.15 (+ 7.76)°
4823 (+ 0.82)
237.06 (+ 6.32)¢
68.42 (+3.21)

562.18 (& 17.40)¢
82.32 (+ 5.42)°
204.57 (£ 8.42)
67.53 (+ 2.46)°
151.8 (& 6.36)°
179.48 (& 5.36)°
76.26 (£ 6.32)
327.26 (£ 8.75)
74.6 (+ 4.87)0

88.28 (+ 2.87)f
416.85 (+ 9.44)f
1675.92 (£ 24.66)f
347.34 (+ 8.05)
21.23 (+4.22)°
2144.88 (£22.11)¢
180.57 (£ 4.72)¢4
131.85 (£ 4.07)¢
89.52 (x2.9)°
n.d.

n.d.
29.52 (£ 1.70)°

RT, retention time; A, wavelength expressed in nm.
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Table 3. Fatty acid composition of some pistachio varieties of different geographical origin. Mean values are expressed as mg g! d.wt. (+ SD). In the

same line, different letters indicate significant (P<0.05) differences. Ki, Kovats index.

Compound Ki Variety
Bronte Kerman Larnaka Kern Mateur Mawardi
Palmitoleic acid 1878 4.83 (£ 0.05) 3.88 (£ 0.09)° 4.88 (£ 0.01) 4.74 (£0.02) 4.53 (£ 0.01)° 2.43 (£ 0.08)¢
Palmitic Acid 1886  58.58 (+ 0.42¢ 48.24 (+ 0.83)? 57.41 (£ 0.32)° 60.92 (£.1.31)¢ 64.74 (£ 0.52)¢ 46.14 (+ 0.52)°
Linoleic acid 2082  97.26 (£2.74)*®  117.48 (+ 19.3)? 73.06 (£ 4.16)%70,. 179:08 (= 17:01)°  168.72 (= 3.6¢)* 78.92 (+ 3.47)°
Oleic acid 2085 431.86 (£ 15.26)*  245.69 (£30.11)°  408.15 (£20.77)% 355.3 (£26.74)>°  378.18 (£ 9.00)*¢ 384.69 (+ 8.06)*°
Elaidic acid 2093 16.46 (£ 0.14) 13.89 (+ 0.02)° 14.52 (£0.15)° 18:35(x 0.22)¢ 17.28 (+ 0.03)° 12.33 (£ 0.04)
Stearic Acid 2133 9.35 (£ 0.06)> 5.41 (£ 0.05)° 8.83( 0:07)° 6.99 (+ 0.05)¢ 8.68 (+ 0.06)° 10.95 (+ 0.03)¢
y-Linolenic acid 2220 1.32 (£ 0.03)*° 1.05 (£ 0.05)° 1.26 (£0.06)%¢ 0.89 (£ 0.01)° 1.42 (£ 0.09) 1.18 (£ 0.02)%F
Arachidic Acid 2284  0.72 (£ 0.07)*® 0.42 (£ 0.02)° n.d. n.d. 0.66 (£ 0.01)° 0.77 (£ 0.01)?
Total 620.61 (£ 15.38)*  435.46 (£ 0.55)° 568.14 (£ 4.94)°  626.46 (£8.16)>4  643.58 (£3.93)4¢  537.05 (+ 4.39)°
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574  FIGURE 5
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594  Supplementary Table S1: Tukey’s HSD post hoc differences in total polyphenols content (TPC),

595  total anthocyanins content (TAC) and total proanthocyaninds content (t-PAC) among the six skin

596  extracts of pistachio. *P<0.05; **P<0.01; ***P<0.001.

TPC TAC TPAC
Kerman 272.38*%** 24.47*** 89.06***
Larnaka 29.11 3.07**%*  22.48%**
Bronte Kern 222.84*** 20,97*** 123.09***
Mateur 182.20*** 17.52*** g8237***
Mawardi 73.47*** 20.57*** 17.88***
Larnaka -243.27*** -21.40*** -66.58%**
Kern -49.54**  ]-3,50*** 34.03***
Mateur  -90.18*** -6.95*** -6.69
Mawardi -198.91*** -3.90*** -71.18%***
Kern 193.73*** 17.90*** 100.61***
Larnaka Mateur 153.09*** 44.45**%  59,gg%#**
Mawardi 44.36** " 17.50*** -4.60
Mateur -40.64**  -3.45%**  _AQ,72%**
Mawardi -149.37*** -0.4 -105.21***
Mateur Mawardi <108:73*** 3.05*** -64.49***

Kerman

Kern

597

598

37



599  Supplementary Table S2: Sequences of each ITS fragments generated after RFLP analysis with

600  Rsal, Taqal and Pstl restriction enzyme. Lowercase letter indicate the band reported in Figure 4.

601  Letter “a” denotes the highest band.

Type of Sequence Lenght Sequence

ACGCTTCTGCGTGCGACTGCCCCGTCGTTGCGCATTAACGAACCCCGGCGCGAATTGCGCCAAGGAAATCTTAACGAGAGAGCTCGCTCCCGTCGCCCCGGACACG
GTGCGCGTGCGGGATGGGTAGCCTTCTTTCATTATCAATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGG
|TS1-4 Bronte -Rsal-a 587 TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCCAAGCCTTTAGGCCGAGGGCACGTCTGCCTGGGTGTCACGCATCGTTGCCCCCC
GCCCAAGATCCTGCGATCTTGCGGCGGTGGGCGGAAAATGGCCTCCCGTGTGCCTGCGCCCGCGGTTGGCCCAAATCCGAGTTCTCGGTGACGCTTCCCGCGACAAT
CGGTGGCGTTCGAAACAGAACCTAGTGATCCTGTCGTGCGGTTGCGTTCTACTGTCTACGGACTCTTTGACCCTCGAGAGCAAGCGAAAGCGCGCTCGCATCGCGAC
CCCAGGTCAGGCGGGATTACCCGCTGAGTTTAGGCATATCAATAAGCGGAGGA
|TS1-4 Bronte -Rsal-b 136 TCCGTAGGTGAACCTGCGGAAGGATCATTCGTCGAAACCTGCCGAGCAGAACGACCCGCGAACCTGTCATCACATCGGGGGCCTGCGGGCTTCGTGCCCGTGTGCC
TCCACCCGTGCTTCGTCGGGCGTCGGTCGT
CGAAACCTGCCGAGCAGAACGACCCGCGAACCTGTCATCACATCGGGGGCCTGCGGGCTTCGTGCCCGTGTGCCTCCACCCGTGETTCGTCGGGTGTCGGTTGTATG
ITS1-4 Kerman-Taqal-a 285 CTTCTGCATGCGATTGCCCCGTCGTTGCGCATTAACGGACCCCGGCGCGAATTGCGCCAAGGAAATCTTAACGAGAGAGCTCGCTCCECGTCGCCCCGGACACGGTGC
GCGTGCGGGATGGGTAGCCTTCTTTCATTATCAATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCAT
CGAGTCTTTGAACGCAAGTTGCGCCCCAAGCCTTTAGGCCGAGGGCACGTCTGCCTGGGTGTCACGCATCGTTGCECCCCCGCCCAAGATCCTGCGATCTTGCGGCGG
TGGGCGGAAAATGGCCTCCCGTGTGCCTGCGCCCGCGGTTGGCCCAAATCCGAGTTCTCGGTGACGCTTCCCGCGACAATCGGTGGCGTT
ITS1-4 Kerman-Taqal-c =~ 66 CGAGAGCAAGCGAAAGCGCGCTCGCATCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAGTTTAA
ITS1-4Kerman-Taqal-d 64  CGAAACAGAACCTAGTGATCCTGTCGTGCGGTTGCGTTCTACTGTCTACGGACTCITTGACCCT
ITS1-4 Kerman-Taqal-e 59  CGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCAT
ITS1-4Kerman-Taqal-f 31  TCCGTAGGTGAACCTGCGGAAGGATCATTGT
CGAAACCTGCCGAGCAGAACGACCCGCGAACCTGTCATCACATCGGGGGCCTGCGGGCTTCGTGCCCGTGTGCCTCCACCCGTGCTTCGTCGGGTGTCGGTCGTATG
ITS1-4 Larnaka-Taqal-a 285 CTTCTGCATGCGATTGCCCCGTCGTTGCGCATTAACGAACCCCGGCGCGAATTGCGCCAAGGAAATCTTAACGAGAGAGCTCGCTCCCGTCGCCCCGGACACGGTGC
GCGTGCGGGATGGGTAGCCTTCTTTCATTATCAATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCAT
CGAGTCTTTGAACGCAAGTTGCGCCCCAAGCCTTTAGGCCGAGGGCACGTCTGCCTGGGTGTCACGCATCGTTGCCCCCCGCCCAAAATCTTGCGATCTTGCGGCGG
TGGGCGGAAAATGGCCTCCCGTGTGCCTGCGCCCGCGGTTGGECCAAATCCGAGTTCTCGGTGACGCTTCCCGCGACAATCGGTGGCGTT
ITS1-4 Larnaka-Taqal-c 86  CGAGAGCAAGCGAAAGCGCGCTCGCATCGCGACCCCAGGTCAGGCGGGATTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGA
ITS1-4 Larnaka-Taqal-d 64  CGAAACAGAACCTAGTGATCCTGTCGTGCGGTTGCGTTCTACTGTCTACGGACTCTTTGACCCT
ITS1-4 Larnaka-Taqal-e 59  CGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATIGCAGAATCCCGTGAACCAT
ITS1-4 Larnaka-Taqal-f 31 TCCGTAGGTGAACCTGCGGAAGGATCATTGT
TCCTCCGCTTATTGATATGCTTAAACTCAGCGGGTAATCCCGCCTGACCTGGGGTCGCGATGCGAGCGCGCTTTCGCTTGCTCTCGAGGGTCAAAGAGTCCGTAGACA
GTAGAACGCAACCGCACGACAGGATCACTAGGTTCTGTTTCGAACGCCACCGATTGTCGCGGGAAGCGTCACCGAGAACTCGGATTTGGGCCAACCGCGGGCGCA
GGCACACGGGAGGCCATTTTCCGCCCACCGCCGCAAGATCGCAGGATTTTGGGCGGGGGGCAACGATGCGTGACACCCAGGCAGACGTGCCCTCGGCCTAAAGGC
ITS1-4 Kern -Pstl-a 640 TTGGGGCGCAACTTGCGTTCAAAGACTCGATGGTTCACGGGATTCTGCAATTCACACCAAGTATCGCATTTCGCTACGTTCTTCATCGATGCGAGAGCCGAGATATCC
GTTGCCGAGAGTCGTTATTGATAATGAAAGAAGGCTACCCATCCCGCACGCGCACCGTGTCCGGGGCGACGGGAGCGAGCTCTCTCGTTAAGATTTCCTTGGCGCA
ATTCGCGCCGGGGTTCGITAATGCGCAACGACGGGGCAATCGCATGCAGAAGCATACGACCGACACCCGACGAAGCACGGGTGGAGGCACACGGGCACGAAGCC
TGCA
ITS1-4 Kern -Pstl-b 82  GGCCCCCGATGTGATGACAGGTTCGCGGGTCGTTCTGCTCGGCAGGTTTCGACAATGATCCTTCCGCAGGTTCACCTACGGA
ITS1-4 Mateur-Taqal-a 84  TCCTCCGCTTATTGATATGCTTAAACTCAGCGGGTAATCCCGCCTGACCTGGGGTCGCGATGCGAGCGCGCTTTCGCTTGCTCT
ITS1-4 Mateur-Taqal-b = 64 CGAGGGTCAAAGAGTCCGTAGACAGTAGAACGCAACCGCACGACAGGATCACTAGGTTCTGTTT
CGAACGCCACCGATTGTCGCGGGAAGCGTCACCGAGAACTCGGATTTGGGCCAACCGCGGGCGCAGGCACACGGGAGGCCATTTTCCGCCCACCGCCGCAAGATC
GCAAGATTTTGGGCGGGGGGCAACGATGCGTGACACCCAGGCAGACGTGCCCTCGGCCTAAAGGCTTGGGGCGCAACTTGCGTTCAAAGACT
ITS1-4 Mateur-Taqal-d 59 CGATGGTTCACGGGATTCTGCAATTCACACCAAGTATCGCATTTCGCTACGTTCTTCAT
CGATGCGAGAGCCGAGATATCCGTTGCCGAGAGTCGTTATTGATAATGAAAGAAGGCTACCCATCCCGCACGCGCACCGTGTCCGGGGCGACGGGAGCGAGCTCT
ITS1-4 Mateur-Taqal-e | 285 CTCGTTAAGATTTCCTTGGCGCAATTCGCGCCGGGGTTCGTTAATGCGCAACGACGGGGCAATCGCATGCAGAAGCATACGACCGACACCCGACGAAGCACGGGTG
GAGGCACACGGGCACGAAGCCCGCAGGCCCCCGATGTGATGACAGGTTCGCGGGTCGTTCTGCTCGGCAGGTTT
ITS1-4 Mateur-Tagol-f 33, CGACAATGATCCTTCCGCAGGTTCACCTACGGA
ACGCTTCTGCGTGCGACTGCCCCGTCGTTGCGCATTAACGAACCCCGGCGCGAATTGCGCCAAGGAAATCTTAACGAGAGAGCTCGCTCCCGTCGCCCCGGACACG
GTGCGCGTGCGGGATGGGTAGCCTTCTTTCATTATCAATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCCAAGCCTTTAGGCCGAGGGCACGTCTGCCTGGGTGTCACGCATCGTTGCCCCCC
GCCCAAAATCTTGCGATCTTGCGGCGGTGGGCGGAAAATGGCCTCCCGTGTGCCTGCGCCCGCGGTTGGCCCAAATCCGAGTTCTCGGTGACGCTTCCCGCGACAAT
CGGTGGCGTTCGAAACAGAACCTAGTGATCCTGTCGTGCGGTTGCGTTCTACTGTCTACGGACTCTTTGACCCTCGAGAGCAAGCGAAAGCGCGCTCGCATCGCGAC
CCCAGGTCAGGCGGGATTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGA
TCCGTAGGTGAACCTGCGGAAGGATCATTGTCGAAACCTGCCGAGCAGAACGACCCGCGAACCTGTCATCACATCGGGGGCCTGCGGGCTTCGTGCCCGTGTGCCT
CCACCCGTGCTTCGTCGGGCGTCGGTCGT

ITS1-4 Kerman-Taqal-b 197

ITS1-4 Larnaka-Taqal-b 197

ITS1-4 Mateur-Taqal-c =~ 197

ITS1-4 Mawardi -Rsal-a+, <587

ITS1-4 Mawardi -Rsal-b 135

602

603
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604  Supplementary Table S3: Calibration curve of Gallic Acid (GA) and proanthocyaninds A-type

605  dimers (PAC-A) used for the quantification of total polyphenol content (TPC) and total

606  proanthocyanidins content (t-PACs) in pistachio extracts.

ug/mL
GA TPC
500.00 1.1881
250.00 0.6189
125.00 0.2736
100.00 0.2383
62.50 0.1517
50.00 0.1159
31.25 0.0728
25.00 0.0611
15.63 0.0215
7.81 0.0046
607
608
pug/mL  t-PAC
50.00 1.0857
40.00 0.9251
31.25 0.7175
25.00 0.5682
15.63 0.3441
12.50 0.2842
10.00 0.2072
7.81 0.1574
5.00 0.1022
2.50 0.0505
609
610
611

WAVELENGHT (760NM)

WAVELEGHT (640 NM)

1,4
1,2

1
0,8
0,6
0,4
0,2

0

y =0,0024x- 0,0061
R?=0,9989

0,00 200,00 400,00 600,00

1.2

0.8

(O]
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02

UG/IML GA
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