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Abstract 

The objective of this work was to assess the ability of the DNA barcoding approach to identify 

different taxonomic groups from two flowering plant collections: 1) the most relevant commercial 

taxa (nursery production) and 2) Mediterranean plants with ornamental attitude (new emerging 

species). “Core markers”, rbcL and matK, were adoptedthe identification step of 100 taxa belonging 
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to 20 families. A third marker, the intergenic spacer trnH-psbA, was also tested, on 74 taxa, when 

the core markers were not able to discriminate well the analysed germplasm.DNA barcode 

fragments were recovered for all the total taxa investigated (100%). The rbcL showed the best 

performances: the greatest amplification success, the best sequencing performance both in terms of 

the number of sequences obtained and in terms of quality of the sequences obtained. Despite having 

recorded greater amplification difficulties, according to numerous other studies, matK has shown a 

good success in sequencing and quality of the obtained sequences (de Vere et al. 2012), unlike what 

is indicated in some protocols that suggests for this region the need for further primers to be 

adopted for the sequencing phase (Hollingsworth et. al 2011). Results showed that sixty-one taxa 

overall (61%) were totally resolved at specific or subspecific level, by at least one of the three 

markers. The matK and rbcL locus respectively resolved 44% and 35% of the taxa. The core 

markers in multilocus approach led to the discrimination of a total of 49% taxa. The trnH-psbA was 

able to discriminate 52% of taxa analysed and resulting determinant in the discrimination of 14 

taxa. Four families, including the major number of taxa (Arecaeae, Fabaceae, Euphorbiaceae, 

Asteraceae), were evaluated in terms of genetic distance (K2P% value). This work highlighted the 

potential of the barcoding approach for a rapid identification of plant species in order to solve 

taxonomic disputes and support commercial traceability of floreal products.  

 

Keywords: DNA barcoding, DNA fingerprinting, floriculture,genetic identification. 

 

1 Introduction 

Genetic certification of plant material is, today more than ever, a fundamental requirement to 

increase the competitiveness of plant nurseries, even in the ornamental sector. This represents a 

unique and effective tool for unambiguous determination of nature of plant species. These 

improvements will enhancethe floriculture sector through the successful obtainment of the 

following to objectives: 1) genetic identification (especially for native plants) and particularly to 
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identify the link between genetic resources of ornamental interest and the relative territory of origin, 

thus promoting the products in harmony with the territory and with sustainability criteria, 2) 

traceability (native plants and imported plants) through the characterization of autochthonous 

products, plant material of supply chain and non-native incoming material. Therefore, the genetic 

certification of plant material is an extremely important aspect for the resolution of related 

problems:1) taxonomic controversies (synonymy/homonymy) and species of difficult identification, 

2) newly introduced programs, genetic improvement, 3) early identification of species with very 

long phenological cycles, 4)correspondence checks of vegetable species entering the markets, 5) 

protection of biodiversity, of native or endangered species. Recently, DNA barcoding has 

emergedas a new molecular tool for taxonomists (Hebert, Ratnasingham & deWaard, 2003). A 

DNA barcodeis a universally accepted short DNA sequence normally employed for the 

identification of species (Savolainen et al., 2005), promoted for a variety of biological applications 

(Hollingsworth, Graham & Little, 2011), including the identification of cryptic species, species 

discovery (Bickford et al., 2007) and taxonomic revisions (Simeone et al 2013). The genotype is 

nothing but the set of all the genes that make up the DNA of an organism. Thus DNA-based 

taxonomy has proved to be a valuable support to the classical taxonomy allowing to face the 

growing need for accurate and accessible taxonomic information (Tautz et al., 2003). In particular, 

the advent of molecular markers has marked a remarkable turning point in the world of plant 

genetics allowing the construction of association genetic maps and the identification of genes 

responsible for agronomic characters (Giovino et al. 2015a). In taxonomic studies, markers are 

important for botanical classifications and the analysis of phylogenetic relationships (Varshney et 

al., 2005). Among the molecular techniques, a new approach to the study of biodiversity has 

become widespread, with all the problems related to this study: the DNA barcoding, literally "DNA 

barcode". The name of this approach refers to the identification method by which a scanner 

distinguishes various commercial products using linear bar codes or "UPC" (Universal Product 

Code).This molecular investigation approach was first proposed to the scientific community in 2003 
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by the population geneticist Paul Hebert of the University of Guelph (Canada) (Hebert et al 2003). 

In this work it was used for the identification of species, a gene sequence located in the region of 

the mitochondrial gene COI, coding for the subunit I of the cytochrome-c oxidase (also known as 

Warburg's respiratory fragment), therefore the variability of a molecular marker for the 

identification of biological identities is exploited.Over the years, COI has been successfully used in 

various animal taxa, including birds (Hebert et al., 2004b), arthropods (Barrett and Hebert, 2005), 

fish (Ward et al., 2005) and Lepidoptera (Hebert et al., 2004a). In vegetables, COI has not proved to 

be an excellent marker for phylogenetic studies, due to the low evolutionary rate of the 

mitochondrial genome. In order to overcome this problem, other markers for DNA barcoding of 

plants have been identified in recent years. These are DNA sequences present in some sections of 

the chloroplast genome, such as the trnH-psbA intergenic region, the matK gene or the rbcL gene, 

which have characteristics similar tocoxI useful for species identification. There are several 

requirements for a marker to be considered appropriate for DNA barcoding. First of all it is 

advisable that the marker has a wide taxonomic coverage (also called universality), which would 

allow the applicability of the gene chosen as barcode markern to the largest possible number of taxa 

and have a high success rate of PCR and sequencing. A high resolution capacity of the gene is also 

important, i.e the ability of a given barcode to differentiate species. This is typically based on the 

amount of interspecific differences between DNA sequences (Polymorphism). Another fundamental 

assumption is that the molecular marker chosen as a barcode should show a higher interspecific 

variability than intraspecific variability. Inter- and intra-specific variability are separated by a 

certain distance (discontinuity between intra and interspecific variability) called "barcoding gap" 

(Meyer and Paulay, 2005).The ideal marker therefore consists of a highly variable region, which 

provides for species discrimination, flanked by highly conserved regions for which adequate 

primers can be designed (Saunders and Kucera, 2010). Therefore, for the plants, the Barcoding 

protocols refer to the indications of the Plant working Group, which suggests the use of a multi-

locus approach (Hollingsworth et al., 2011; Domina et al. 2017). The general objective of the 
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research was to use the technique of DNA barcoding to help nursery production thanks to the easy 

identification of new products, ornamental plants and ornamental-food valueto respond to new and 

growing market needs.  

 

2 Materials and Methods 

2.1 Plant collection 

Native Sicilian plant species of high ornamental value or dual aptitude for new introduction were 

selected, collected and morphologically analyzed. Selection was also extended to autochthonous or 

exotic species already produced at Faro srl (Catania, Italy) in order to gain more insights into: 1) 

taxonomic controversies (synonymy / homonymy); 2) early identification of species with very long 

phenological cycles; 3) correct identification of species with significant commercial impact. 

Samples collection for DNA analysis includes 100 plant species. (Tab. 1). We have included 52 

species commercialized by Faro srl in addition to 36 native species that were present in the 

collection at the CREA-DC (Bagheria, Italy). For all the selected species, a bank of freeze-dried 

plant material and the respective DNA bank was set up at the CREA-DC of Bagheria for long-term 

conservation stock. Before proceeding with the application of the molecular characterization 

protocols, it was necessary to carry out a preliminary characterization at a morphological level,  

The plant material under study is represented by 3 replicates for each species (or three distinct 

plants for each species), specifically from each of them tissue samples were taken, represented by 

young leaves, which constitute the plant material from which to proceed with DNA extraction . 

Every single sample was cataloged with an identification code (ID) in order to set up a real 

germplasm collection, as well as for the establishment of a bank of germplasm DNA (freeze-dried). 

For all the selected species, a bank of freeze-dried plant material and the respective DNA bank was 

made at CREA in Bagheria, as an important stock for the conservation of the plant material in 

question. 
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2.2 Molecular analysis 

For the molecular identification of the plants, young leaves, previously subjected to lyophilization, 

were used as starting material for DNA extraction.DNA was extracted from three biological 

replicates (lyophilized) for each taxonomic entity using CTAB-related method (Doyle & Doyle, 

1987). Amplification and sequencing protocols of three regions of DNA usingrbcL, matK and trnH-

psbA were performed,as defined by the Consortium for the Barcode of Life (CBOL). Firstly, these 

plastid portions, named "core markers", were used for genetic characterization. For those species in 

which the core markers were unsuccessful, a third marker was tested based on the trnH-psbA 

intergenic region. This portion is in fact known to support a greater degree of discrimination 

between related species. A pipeline of the genetic characterization analysis is shown in Figure 1. 

Sequences of the rbcL, matK and trnH-psbA primers used in the PCR amplification were the 

following: 

 rbcL-F:  ATGTCACCACAAACAGAGACTAAAGC     

 rbcL-R:  GTAAAATCAAGTCCACCRCG     

 matK-3F KIM:  CGTACAGTACTTTTGTGTTTACGAG    

 4) matK-1R KIM:  ACCCAGTCCATCTGGAAATCTTGGTTC    

 5) trnHf_05: CGCGCATGGTGGATTCACAATCC   

 6) psbA3_f:   GTTATGCATGAACGTAATGCTC   

 

In relation to the PCR conditions, the protocol suggested by the CBOL Plant Working Group 

(Hollingsworth et al., 2009) was followed, and the amplifications were conducted with a 

Gene®Amp PCR System 9700 thermocycler (Applied Biosystems).The amplicons were run on 2% 

agarose gel, whose purpose is to ensure the successful amplification of the segments of DNA 

involved, using the barcode primers used. The gels were analysed using the image acquisition "Gel 

Doc" of BIO-RAD, which allows to use a special "Quantity One" software, to identify amplified 

DNA bands. 
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2.3 Data analysis 

The PCR products were purified and sequenced following the DYEnamic ™ ET termination kit 

sequencing kit (Amersham Biosciences) using an automatic sequencer AB3730XL DNA Analyzer 

(Applied Biosystems). The fragments were sequenced both forward and in reverse, using the same 

primers adopted for PCR.Through Sequencer software 4.10 (Gene Codes Corporation, USA) the 

electropherograms were carefully checked and eventually cleaned manually,and assembled in 

contigs.The obtained sequences were blasted and aligned using MUSCLE software, implemented 

within Mega 6 program (Tamura et al. 2013) used for phylogenetic analysis. 

Several parameters have been evaluated to be able to efficiently determine the real discriminating 

power of the Barcoding markers used. Two categories of parameters were taken into account: 1) 

thoserelated to technical performances and those useful for assessing the discriminated power. The 

number of PCR positive samples for each marker was calculated, both for the total number of 

biological replicates and number of taxa analyzed. Dealing with sequencing success, the number of 

samples positive for the sequencing procedure was calculated, which concerned only the PCR-

positive samples for each marker, both in relation to the total number of biological replicates and to 

the number of taxa. Quality of the sequence was given by the quality of the peaks present on the 

electropherograms to indicate the precision and reliability of the sequences obtained. Sequences 

with quality over 70% were considered suitable. The reported value indicates the average of 

biological replicates. Fragment length was determined and referred to the average length of the 

fragments obtained for each marker, in relation to the total of biological replicates, following the 

analysis and cleaning of the electropherograms.The value of thepower of discrimination parameter 

was given by the number of taxa that have been univocally discriminated on the level of species (or 

subspecies).The discriminating power was assessed both for single locus and in multi-locus 

approach. The discrimination power of each locus was evaluated by phylogenetic analysis with 

Mega6, conducted by comparing all the sequences generated in this study and using a subset of 
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referring sequences related to each taxa found by BOLD Database / GenBank. The level of genetic 

divergence was determined and indicated the degree of variability between a group of sequences, 

obtained from the distance matrices calculated according to the parameter K2P% (Kimura, 1980). It 

was calculated within some families considered most representative by number of species. Number 

of variable sites was determined. It indicated the number of bases subject to variations within the 

gel phylogenetic group considered on the total length of the fragments obtained for each locus. Like 

the previous one, it was calculated within some families considered most representative of the entire 

collection of analyzedplant species. 

 

3 Results and Discussion 

Results of discrimination outputs for each of the three markers are reported in Tab. 2. Using a total 

of 300 samples (including biological replicates), rbcLobtained 93% PCR success, 95% sequencing 

success, with 90% sequence quality and an average fragment length of 569 bp. MatK showed a 

success of PCR and sequencing, respectively of 70% and 93% and a quality of sequences of 80% 

with an average length of fragments of 766 bp. The use of trnH-psbA marker showed PCR and 

sequencing success respectively of 80% and 91% and a sequence quality of 85% with an average 

fragment length of 518 bp. Consideringa total number of 100 taxa tested, rbcL showed higher 

values than the other two markers, with PCR success of 97% and a success of sequencing of 99%, 

for matK the recorded values were of 81% for successful apmification and 96% for sequencing 

success, while trnH-psbA marker showed respectively PCR and sequencing successof 89% and 

94%. In relation to the above results, rbcL showed the best performances: the greatest amplification 

success, the best sequencing yield both in terms of the number of sequences obtained and in terms 

of the quality of the sequences obtained. The matK, despite having experienced greater 

amplification difficulties agreeing with numerous other studies (de Vere et al. 2012), it showed a 

good success of sequencing and good quality of obatined sequences. This does not agree 

withprevious works that suggest the need to use matK with additional primers for sequencing 
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purposes (Hollingsworth et. to 2011). Taxa identification was firstly carried out using "core 

markers" (rbcL and matK). The use of the third marker, the IGS trnH-psbA was reserved for those 

situations in which both core markers presented difficulties, due to lack of amplification, failure of 

sequencing reactions or insufficient discriminating power. The overall identification results at 

species level for each tested taxawere reported in Tab. S1. Out of a total of 100 taxa tested, 61% of 

taxa were successfully identified at the species level with at least one of the three locus, while 37% 

remained at the genus level. Only the remaining 2% of the taxa remained undetermined due to the 

failure of all three markers employed.Considering the individual markers, rbcL allowed a unique 

identification at the species level of 34 taxa (35%), matK of 34 taxa (44%) and trnH-psbA of 32 

taxa (52%) (Tab. 3). MatK showed greater percentage values of resolving power in terms of 

discrimination of taxa than rbcL, confirming the trends indicated by other studies (Chen et al. 

2010). When rbcL and matKwere not able to discriminate species (belonging to 14 taxa), trnH-psbA 

was decisive in the identification of them, allowing to increase the total number of discriminated 

taxa from 47 to 61 taxa. The core markers, used in multi-locus, rbcL + matK, allowed the 

unambiguous identification at the species level of 38 taxa. Further combinations of the two markers 

rbcL + trnH-psbA and matK + trnH-psbA allowed the discrimination of 32 taxa and 25 taxa 

respectively.The use of the multi-locus approach based on core markers appeared to be the most 

efficient, with a good compromise between the high technical performance of the rbcL and the best 

resolving power supported by the matK.The following families showed the highest success rate of 

species discrimination: Asteraceae (9 uniquely discriminated taxa out of 13, Caryophillaceae with 4 

taxa of 6, Fabacecae with 8 taxa out of 8 , Euphorbiaceae with 9 taxa out of 9, Brassicaceae with 3 

taxa out of 3, Ericaceae with 4 taxa out of 4. Minor successes in terms of unambiguous resolution at 

the species level, have been found for Arecaceae, (7 taxa discriminated at the species level on a 

total of 24), and for the Cistaceae (none). Levels of genetic divergence for larger families were 

reported in Tab. 4.The rbcL marker showed the lowest values of genetic divergence for Arecaceae, 

with 0.7%, and the highest values for Asteraceae, with 2.1%, while matK showed the lowest values 
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for the Arecaceae with 1.5% and the highest for Fabaceae with 6.4%. TrnH-psbA showed the 

highest values for Euphorbiaceae with 9.1% and the lowest for Arecaceae with 2.9%. TrnH-psbA 

has confirmed high variability values and its ability to discriminate within very similar taxonomic 

groups (Chase et al. 2007).In the Arecaceae family, which in our study included 24 species from 15 

different genera, the trnH-psbA marker recorded the highest genetic divergence value with a 

percentage of 2.9%. The lowest values occurred with rbcL with a percentage of 0.7%, while matK 

showed intermediate values compared with the first two with a value of 1.5% (Tab. 4). The rbcL 

was able to identify two species of Arecaceae (Acoelorraphe wrightii and Caryota urens L.). When 

rbcL failed, matK was decisive for identification of 4 taxa (Arenga engleri Becc., Phoenix 

roebelenii O'Brien, Sabal minor (Jacq.) Pers., Bismarckia nobilis Hildebrandt & H.Wendl., 1881). 

Other authors indicated rbcL and matK as highly decisive phylogenetic analysis of this family 

(Asmussen et al. 2006).Only in the case of Washingtonia robusta H. Wendl., the discrimination was 

possible through the use of both core markers. Relating to Fabaceae (8 species investigated from 3 

different genera), the lowest values of genetic divergence were recorded with rbcL with 1.5% and 

the highest with trnH-psbA with values of 7.4%. Using matK a genetic divergence of 6.4% was 

obtained, discriminating 4 species out of 8. The matK was determinant for 1 taxa (Genista aristata 

C.Presl), while the trnH-psbA was determinant for 2 taxa (Genista tyrrhena Vals., Genista 

demarcoi Brullo, Scelsi & Siracusa). Considering that Genista was the most represented genus 

(with 6 species), rbcL showed a better result than matK within this group, discriminating 5 species 

(Spartium junceum L., Ceratonia siliqua L., Genista madoniensis Raimondo, Genista cupanii 

Guss., Genista aetnensis Raf. ex Biv.). This result appears to be in contrast with the potential 

expressed by matK within the Fabaceae in other studies (Gao et al 2011; Gao and Chen 2009). 

Here, the Genista group showed excellent levels of discrimination with this marker. Relating to 

Asteraceae (13 investigated species belonging to 8 different genera),matK showed values of genetic 

divergence of 4.4% and rbcL 2.1%. As for the trnH-psbA, given the excessive variability shown by 
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the analyzed sequences, a subdivision into genera. The lowest genetic divergence values were 

recorded for Anthemis with 1% and higher for Jacobaea with 3.3%. (Tab. 4). 

Relating to Asteraceae, rbcL has allowed us to identify at the species level 4 taxa (Centaurea 

sphaerocephala L., Helichrysum nebrodense Heldr., Ptilostemon greuteri Raimondo & Domina, 

Pallenis maritima (L.) Greuter), while the matK has discriminated 5 taxa resulting in particular in 

the discrimination of 2 species (Helichrysum italicum (Roth) G. Don, Hieracium cophanense 

Lojac.). The trnH-psbA was determinant in the resolution of a further 3 taxa (Jacobaea gibbosa 

(Guss.) Peruzzi, Jacobaea ambigua (Biv.) Pelser & Veldk., Senecio candidus (C. Presl) DC. 

Jacobaea gibbosa (Guss.) Peruzzi showed a wide variability compared to the other species of the 

genus Jacobaea, departing from these in all three markers used. This highlighted the presence of 

different clusters within the species. For Asteraceae, the discrimination was rather high in 

agreement with other studies that indicated high levels of discrimination success (Gao et al 

2010).Within family Euphorbiaceae (9 species investigated of a single genus) the lowest values of 

genetic divergence occurred with rbcL with 1.2%, the highest with trnH-psbA with 9.1% and 

intermediate values with matK(4%). (Tab. 4). Figures S1-S2 showed the phylogenetic relationships 

using the three markers for Euphorbiaceae. The rbcL identified 6 taxa (Euphorbia bivonae Steud., 

Euphorbia ceratocarpa Ten., Euphorbia dendroides L., Euphorbia helioscopia L., Euphorbia 

myrsinites L., Euphorbia pithyusa subsp. Cupanii Guss.). MatK correctly identified 3 taxa and was 

decisive for 1 taxa (Euphorbia amygdaloides L.), while the trnH-psbA was determinant for 2 taxa 

(Euphorbia characias L., Euphorbia meuselii Raimondo & Mazzola). For the genera Brassica, 

Erica, Cistus, Chamaerops, Dianthus, Euphorbia and Genista, the work of molecular identification 

was performed with the use of referring species found specifically for this study. This was due to 

the absence in the international databases of species similar to those selected in this study (Aubriot 

et al. 2013; Domina et al. 2017; Giovino et al. 2015b). Therefore, these species and their respective 

sequences are new will be added into international databases. 
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For taxa discriminated on a species level with the DNA Barcoding methodology (green colour in 

Figs 4 and 5), our data open the possibility of a real “identity certification” card for these plant 

species in order to trace their commercial products at marketing stage, in order to guarantee their 

unique identification and traceability, to protect both biodiversity and economic aspects of nursery 

productions as well as end-users.The certification and traceability system may follow a very precise 

path (Fig. 2; Fig. 3).This traceability can begin with the use of DNA Barcoding protocols for the 

identification of the species. Consequently, the realization of a label where, in addition to the 

generic species, it will be possible to include molecular results, translated into a barcode swhich, by 

scanning with special barcode scanners will immediately make it possible to have all certain 

species’ indications. 

A big issue emerged from this study was the lack of reference sequences available for species and 

taxa comparison. This issue has determined the impossibility of discriminating some groups such 

as: Livistona chinensis Jacq, Trachycarpus fortunei Hook., Phoenix dactylifera L.; Phoenix 

reclinata Jacq., Trithrinax campestris Burmeist., Anthemis cupaniana Tod. ex Nyman, Butia 

capitata (Mart.) Becc., Senecio candidus (C. Presl) DC, Aloe arborescens Mill., Aloe plicatilis L., 

Iris pseudopumila Tineo, Iris germanica L., Salvia officinalis L., Cistus salvifosius L., Cistus x 

pulverulentus Delilei, Cistus albidus L., Cistus skanbergii, Dianthus rupicola subsp. aeolicus 

Lojac., Dianthus busambrae Soldano & F. Conti. This evidence demonstrated the great importance 

of creating molecular databases that incorporate the widest possible biodiversity with universal 

markers. In addition, it highlighted the importance of creating a dedicated database of the main 

floricultural species of ornamental interest, which can support the practical application of the 

molecular protocol for the purposes of traceability and monitoring by control bodies (Giovino et al. 

2014). Although DNA Barcoding can reach 80-90% of resolution levels, it can lack sufficient 

discrimination power in some families, including Ericaceae, Lamiaaceae, Orchidaceae. This is due 

to the modest evolutionary distance between closely related species evolved from recent 

divergence, as suggested before (Hollingsworth et al., 2009). Although in some cases, the multi-
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locus approach can have a great success, the evaluation of additional barcoding regions in relation 

to the success of discrimination, requires the use of individual taxonomic groups with difficult 

discrimination (Hollingsworth et al., 2011). 

In conclusions, this work confirmed the high performances of rbcL and matK markers usin a total 

of 100 plant taxa, belonging to 20 different families. The taxa successfully sequenced for at least 

one of the considered markers were 98 and 61% of the total evaluated ones at level of species or 

subspecies. Considering that the failure of taxa is linked to particular genus, or species, with very 

low evolutionary divergence, this result confirms the potential of the barcoding approach for the 

rapid analysis of unknown samples. Cryptic groups found in this study highlighted the already well-

known technical problems due to the low level of matK amplification and sequencing success. 

Anyway, this marker greater power of discrimination compared to rbcL.Therefore, we can conclude 

that although the adoption of core markers appeared to be a good compromise, in some cases the 

multi-locus approach and the addition of the third trnH-psbA marker can promote greater success, 

as demonstrated here. 

The evaluation of additional barcoding regions can be useful for increasing the success of 

discrimination, but thisdepends on the individual taxonomic groups showing problems of PCR 

amplification and sequencing with core markers. However, it is worthy to notice that a large sample 

of references related to eachtaxa is necessary to validate the accuracy of the method.This study 

highlighted the great importance of creating molecular databases incorporating the widest possible 

biodiversity with universal markers, developing a dedicated database, especiallyfor floricultural 

species with ornamental interest to enhance their traceability and monitoring of commercial 

exchanges by control national authorities. 
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Figures  

 

Fig. 1. Flowchart summarizing steps for the genetic identification of samples using DNA Barcoding 

and selected markers.  

 
Fig. 2. Workflow used for the molecular characterization of the plant species usable by companies 
using international CBOL standards.  
 

Fig. 3. Proposed type of genetic labels for traceability of plant species at commercial level.  

 

Tables  

 

Table 1. Species selected for molecular investigations 

Famiglia Specie 
Acanthaceae Acanthus mollis L. 

Arecacea 

Acoelorraphe wrightii H.Wendl. ex Becc. 
Arengaengleri Becc. 
Caryota urens L. 
Chamaerops humilis  var. humilis/ Chamaerops humilis L. 
Chamaerops humilis var. argentea André 
Chamaeropshumilis L. "Vulcano" 
Chamaeropshumilis L. "Etna star" 
Howeaforsteriana (F.Muell.) Becc. 
Livistonachinensis(Jacq.) R.Br. ex Mart. 
Phoenix canariensisChabaud 
Phoenix dactylifera L. 
Phoenix reclinata  Jacq. 
Phoenix roebelenii O'Brien 
Sabal minor ( Jacq. ) Pers. 
Sabal palmetto (Walter) Lodd. ex Schult. &Schult.f. 
Trachycarpus fortune (Hook. ) H.Wendl. 
Washingtonia robusta H.Wendl. 
Washingtonia filifera (Linden ex André) H.Wendl. ex de Bary 
Butia capitata (Mart.) Beccari 
Bismarckia nobilis Hildebr. &H.Wendl. 
Brahea armata S. Watson 
Brahea edulis H.Wendl. ex S.Watson 
Trithrinax campestris (Burmeist.) Drude&Griseb. 
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Arecastrum romanzoffianum(Cham.) Becc.Syagrus 
romanzoffiana (Cham.)  

Xanthorrhoeacea
e 

Aloe arborescens Mill. 
Aloe vera (L.) Burm.f. 
Aloe plicatilis(L.) Mill.. 
Aloe ×  spinosissima Jahand. 

Fabaceae 

Spartium junceumL. 
Ceratonia siliqua L 
Genista madoniensis Raimondo 
Genista demarcoi Brullo, Scelsi & Siracusa 
Genista tyrrhenaVals. 
Genista cupanii Guss. 
Genista aetnensis (Biv.) DC. 
Genista aristata C.Presl 

Cistaceae 

Cistus albidus L 
Cistus salvifolius L. 
Cistus x pulverulentus Pourr. 
Cistus × skanbergii Lojac. 

Cycadaceae 
Cycascircinalis L. 
Cycas revolutaThunb. 

Myrtaceae 
Myrtus luma Molina 
Metrosideros excelsa Sol. ex Gaertn. 
Myrtus communis L. 

Lamiaceae 

Rosmarinus officinalis L. 
Salvia leucanthaCav. 
Lavandula angustifoliaMill. 
Lavandula stoechasL. 
Sideritis italica (Mill.) Greuter&Burdet 
Salvia officinalis L. 

Ericaceae 

Arbutus unedo L. 
Erica siculaGuss. 
Erica peduncularisC.Presl 
Erica multiflora L. 

Asteraceae 

Helichrysum italicum (Roth) G. Don 
Helichrysum hyblaeum Brullo 
Helichrysum nebrodense Heldr. 
Helichrysum scandens Guss. 
Anthemis cupaniana Tod. ex Nyman 
Centaurea sphaerocephala L. 
Jacobaea gibbosa (Guss.) B.Nord. &Greuter 
Pallenis maritime (L.) Greuter 
Ptilostemon greuteri Raimondo & Domina 
Senecio candidus (Presl.) DC. /Jacobaea candida (C.Presl) 
B.Nord. &Greuter 
Jacobaea ambigua(Biv.) Pelser&Veldkamp 
Anthemis maritima L. 
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Hieracium cophanense Lojac. 

Iridaceae 
Iris pseudopumila Tineo 
Iris germanica  L. 

Strelitziaceae 
Strelitzia augusta Thunb 
Strelitzia Nicolai Regel&K.Koch 
Strelitzia reginae Banks 

Tamaricaceae Tamarix gallica  L. 
Convolvulaceae Calystegia soldanella (L.) R. Br. 

Amaranthaceae 
Diotis maritima (L.) Desf. ex Cass./Achillea maritima (L.) 
Ehrend. &YPGuo 

Liliaceae Tulipa radii Reboul 

Brassicaceae 
Brassica insularis Moris 
Brassica villosa subsp. tinei (Lojac.) Raimondo & Mazzola 
Brassica rupestrissubsp. hispidaRaimondo & Mazzola 

Rosaceae 

Rosa sicula Tratt. 
Rosa sempervirens  L. 
Rosa canina L. 
Rosa corymbiferaBorkh. 

Caryophyllaceae 

Dianthus busambrae Soldano & F. Conti 
Dianthus rupicola subsp. aeolicus (Lojac.) Brullo&Miniss. 
Dianthus rupicola Biv. subsp. rupicola 
Dianthus rupicola subsp. lopadusanumBrullo &Miniss. 
Dianthus siculus C. Presl 
Dianthus rupicola subsp. hermaensis(Coss.) O. Bolòs& Vigo 

Euphorbiaceae 

Euphorbia ceratocarpa Ten. 
Euphorbia characias L. 
Euphorbia dendroides L. 
Euphorbia meuselii Geltman 
Euphorbia myrsinites L. 
Euphorbia helioscopia L. 
Euphorbia bivonae Steud. 
Euphorbia pithyusa subsp. cupanii (Guss. ex Bertol.) Radcl.-Sm. 
Euphorbia amygdaloides L. 

 

 

 

Table 2. Technical performancesof markers used in DNA barcoding techniques referred to the total 
of biological replicates (a) and tested taxa \(b).  
a    

  rbcL matK trnH-psbA 

Number of tested samples* 300 300 222 

Successful amplification (93%)   (70%) 210/300 (80%)  177/222 
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279/300 

Successful sequencing (contigs) 

(95%)   

265/279 
(93%) 195/210 (91%)   161/177 

High quality sequence (contigs) 90% 80% 85% 

Fragment length (average in bp) 569 766 518 

     

 

b    

  rbcL matK trnH-psbA 

Number of tested samples* 100 100 74 

Successful amplification (97%)   97/100 (81%)  81/100 (89%)   66/74 

Number of taxa successfully 

sequenced 
(99%)     96/97 (96%)    78/81 (94%)   62/66 

 

 

Tab. 3 Discriminating power of Barcoding markers 

 

 

 

Tab. 4  Levels of genetic divergence for larger families. Genetic divergences calculated with the 
parameter K2P% (Kimura 1980) 
 

Family 

rbcL matK trnH-psbA 

N. seq 

Variable 

sites GD% 

N. 

seq 

Variable 

sites GD%   

N. 

seq 

Variable  

sites 

Arecacea

e 107 24/533 0,7 115 101/770 1,5   36 85/676 

Fabaceae 25 32/543 1,5 21 181/815 6,4   9 67/329 

Euphorbi 27 39/540 1,2 14 88/769 4   18 164/736 
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aceae 

Asterace

ae 
67 54/563 2,1 

 

83 
157/797 4,4 

Jacobaea 14 22/416 

Helichrysum 14 44/533 

Anthemis 20 8/348 

 

Tab. 5 Species included in the Barcode of Life Data Systems (BOLD - www.barcodinglife.org). 
 

FMED010-12 – Dianthus busambrae [rbcLa:587] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D2-1[sampleid], PAL96708[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED011-12 - Dianthus rupicola subsp 
rupicola [matK:810,rbcLa:586,trnH-psbA:192] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D3.C[sampleid], PAL96722[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED012-12 - Dianthus rupicola subsp 
lopadusanum [matK:801,rbcLa:562,trnH-psbA:246] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D4.C[sampleid], PAL96723[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Isole Pelagie 
FMED013-12 - Genista madoniensis [rbcLa:582] 
Taxonomy: Magnoliophyta, Magnoliopsida, Fabales, Fabaceae, Genista 
Identifiers: G2u[sampleid], PAL96710[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED014-12 - Genista demarcoi [matK:805,rbcLa:577] 
Taxonomy: Magnoliophyta, Magnoliopsida, Fabales, Fabaceae, Genista 
Identifiers: G4u[sampleid], PAL96713[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED015-12 – Hieracium cophanense [matK:817,rbcLa:590] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae, Hieracium 
Identifiers: H2.C[sampleid], PAL96873[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED016-12 – Helichrysum hyblaeum [matK:809,rbcLa:596] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae, 
Helichrysum 
Identifiers: H6.C[sampleid], PAL96719[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
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Collected in: Italy, Sicily, Siracusa 
FMED023-12 – Ptilostemon greuteri [matK:793,rbcLa:577] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae, 
Ptilostemon 
Identifiers: P1.C[sampleid], PAL96705[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Trapani 
FMED027-13 - Centaurea [matK:805,rbcLa:581] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae, Centaurea 
Identifiers: C3.C[sampleid], PAL96729[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED028-13 - Brassica villosa subsp. bivoniana [rbcLa:568] 
Taxonomy: Magnoliophyta, Magnoliopsida, Brassicales, Brassicaceae, 
Brassica 
Identifiers: B3.C[sampleid], PAL96874[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED029-13 - Centaurea [matK:836,rbcLa:588] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae, Centaurea 
Identifiers: C1-3[sampleid], PAL86908[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Messina 
FMED031-14 - Brassica villosa [matK:798,rbcLa:557,trnH-psbA:350] 
Taxonomy: Magnoliophyta, Magnoliopsida, Brassicales, Brassicaceae, 
Brassica 
Identifiers: B4u[sampleid], PAL96698[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED039-16 - Dianthus rupicola subsp rupicola [matK:810,trnH-
psbA:192] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D3b[sampleid], FI18813[fieldid], FI18813[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Campania 
FMED040-16 - Dianthus rupicola subsp rupicola [matK:810,trnH-
psbA:192] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D3c[sampleid], PAL72352[fieldid], PAL72352[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Trapani 
FMED041-16 - Dianthus rupicola [matK:790,trnH-psbA:188] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D6p[sampleid], PAL108619[fieldid], PAL108619[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Tunisia, Zembraisland 
FMED042-16 - Dianthus rupicola [matK:780,trnH-psbA:247] 
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Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D9p[sampleid], PAL108620[fieldid], PAL108620[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Spain, BalearicIslands, Majorca 
FMED001-12 - Rosa sempervirens [matK:824,rbcLa:590] 
Taxonomy: Magnoliophyta, Magnoliopsida, Rosales, Rosaceae, Rosa 
Identifiers: R3-1[sampleid], SV Term[fieldid] 
Depository: Research Unit for Mediterranean Flower Species   
Collected in: Italy, Sicily, Palermo 
FMED003-12 - Asteraceae [rbcLa:577] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae 
Identifiers: A4u[sampleid], PAL[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED004-12 - Anthemis [matK:806,rbcLa:580] 
Taxonomy: Magnoliophyta, Magnoliopsida, Asterales, Asteraceae, Anthemis 
Identifiers: A7.C[sampleid], PAL[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED005-12 - Brassica insularis [rbcLa:594] 
Taxonomy: Magnoliophyta, Magnoliopsida, Brassicales, Brassicaceae, 
Brassica 
Identifiers: B2.23[sampleid], PAL[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Isola di Pantelleria 
FMED006-12 - Brassica [matK:779,rbcLa:582] 
Taxonomy: Magnoliophyta, Magnoliopsida, Brassicales, Brassicaceae, 
Brassica 
Identifiers: B5.C[sampleid], PAL[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Palermo 
FMED009-12 - Dianthus rupicola subsp 
aeolicus [matK:623,rbcLa:578,trnH-psbA:256] 
Taxonomy: Magnoliophyta, Magnoliopsida, Caryophyllales, Caryophyllaceae, 
Dianthus 
Identifiers: D1-2[sampleid], PAL96703[museumid] 
Depository: Palermo Botanical Garden, HerbariumMediterraneum   
Collected in: Italy, Sicily, Messina 
 

 

 

Supplementary figures 

 

Fig. 4. Phylogenetic tree of Euphorbiaceae family with Neighbor Joining for rbcL marker. 
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Fig. 5. Phylogenetic tree of Euphorbiaceae family with Neighbor Joining for matK. 
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