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ABSTRACT. The ability to discriminate all species is the ultimate target 
in barcoding. The Mediterranean basin is a center of origin for legumes 
and thus they have played a key role in feeding the Mediterranean 
population. It is also a region with important protected designation 
of origin and protected geographical indication legumes that provide 
income in rural areas. We evaluated the use of two chloroplast regions, 
trnL and rpoC1, and a nuclear internal transcriber region, ITS2, for 
their efficiency to barcode the main Mediterranean leguminous crops. 
Twenty-five legume species were studied. Plant material of pasture and 
legumes was obtained from the Greek GenBank and the Fodder Crops 
and Pastures Institute (National Agricultural Research Foundation). 
DNA was extracted with the Qiagen DNeasy plant mini-kit and PCR 
amplification was performed using the Kapa Taq DNA polymerase 
using primers amplifying the chloroplast trnL and rpoC1 regions or the 
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nuclear region ITS2. PCR products were sequenced and the sequences 
were aligned using CLUSTAL W. Species identification based on 
the sequence similarity approach was performed using the GenBank 
database. In order to evaluate intraspecific and interspecific divergence 
in legumes we used Molecular Evolutionary Genetics Analysis 5 and 
for pairwise Kimura 2-parameter distance calculations for all 3 DNA 
regions (2 chloroplast regions, trnL and rpoC1, and the nuclear region 
ITS2). Four tree-based methods (neighbor joining and maximum 
parsimony, maximum likelihood, and Bayesian inference analyses) 
were used to exhibit the molecular identification results to represent 
differences as an uprooted dendrogram. Additionally, the sequence 
character-based method was used with DnaSP and the information 
from each site was treated as a character to distinguish the species from 
one another. The DNA regions trnL and ITS2 successfully (100%) 
discriminated the Mediterranean crop legume species used, while 
rpoC1 identified only 72% of them. Furthermore, the use of the trnL 
region enabled the discrimination of even very closely related species, 
like Phaseolus lunatus and P. coccineus or Vicia faba subsp major with 
V. faba subsp minor, which are so closely related that even in NCBI 
they were both referred as Phaseolus vulgaris and V. faba, respectively. 
We conclude that trnL and ITS2 are efficient DNA barcoding target 
regions in order to discriminate Mediterranean leguminous crops and 
provide a reliable and efficient tool for the scientific, agricultural and 
industrial community.
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INTRODUCTION

Leguminous crops belong to the Fabaceae family and are second only to cereals in 
their importance for human nutrition. The Mediterranean basin is a center of origin for le-
gumes (Perrino, 1988). They have played an important role in human nutrition in the region 
since ancient times, increasing not only the quantity but also the quality of cereal-based food 
for the population. Legumes constitute the main protein component of the Mediterranean diet 
(Bromfeild et al., 2001). They are used in the human diet because they are low in calories 
but rich in flavor and in nutrients such as protein, calcium, fiber, and vitamins. In addition, 
legumes are rich in soluble fibers, facilitating digestion and preventing cancer (Muñoz de 
Chávez and Chávez, 1998). Moreover, they are important seed- and forage-producing crops 
for animal feed. Equally important is the role of legumes to sustainable agriculture, because 
the agricultural practice of crop rotation with legumes enriches the soil with nitrogen via the 
symbiosis of legumes with nitrogen-fixing bacteria (Arianoutsou and Thanos, 1996; Sprent, 
2001; Velazquez et al., 2010). Legumes are also an excellent source of medicinals, nutra-
ceuticals, tannins, gums, insecticides, resins, varnish, paints, dyes, proteins, and eco-friendly 
by-products such as soy diesel. Finally, 3 forage crops, Medicago truncatula, Lotus japonicus, 
and Trifolium pratense, are model legumes for phylogenetic studies and genome sequencing 
(Graham and Vance, 2003).
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Mediterranean crop legumes are also important to local economies, as some of 
them, such as “Fava Santorinis” (Lathyrus clymenum), are protected designation of origin 
(PDO; Article 6[2] of Regulation [EC] No. 510/2006) or protected geographical indication 
products, such as “Fasolia Prespon” (Phaseolus vulgaris), or even ornamental plants such 
as Lathyrus odoratus, designations that guarantee an added value to these products.

The identification of the Mediterranean leguminous crops using a method based 
on their morphological characteristics has proved tricky and even impossible when work-
ing with commercial products (Smartt, 1980). The use of a DNA-based method would 
provide accurate information and facilitate the discrimination of the species. Having a 
robust and reliable system to discriminate species to secure the quality of certain products 
is important.

Barcoding is a method of identifying species using short DNA sequences. The defini-
tive goal is to identify a region or a combination of regions capable of discriminating all spe-
cies (Kress et al., 2005; Hollingsworth et al., 2009; Chen et al., 2010). The barcoding method 
has been extremely useful in species identification, cryptic species identification, biodiversity 
studies, forensic analysis, and phylogenetics (Ronning et al., 2005; Ward et al., 2005). In 
animals, cytochrome oxidase 1 of the mitochondrial cytochrome oxidase 1 gene is the region 
of choice (Hebert et al., 2003; Hebert et al., 2004). In plants, the most favorable choices are 
chloroplast DNA regions, as they have been used as a means to identify species (Kress et al., 
2005; Hollingsworth et al., 2009). The sequences used, known as DNA barcodes, are usually 
short (300-800 bp) (Kress et al., 2005). Although chloroplast DNA barcoding is mainly used to 
identify plant species, its application could be extended to the food industry, evolution studies, 
and forensics (Ferri et al., 2009). Various regions of the plastid genome have been proposed 
to serve as DNA barcodes, including the rbcL, matK, rpoB, and C genes, the non-coding 
spacers atpF-atpH, trnH-psbA and psbK-psbI trnL-F, the trnL (UAA) intron, and the internal 
transcribed spacer (ITS) 2 region of nuclear ribosomes. Research groups have their preferred 
plant barcode regions for study, but no consensus has emerged on the use of a standard region 
(Kress et al., 2005; Taberlet et al., 2007; Edwards et al., 2008; Hollingsworth et al., 2009; Yao 
et al., 2010).

Wojciechowski et al. (2004) have used the matK region to construct the phylogeny of 
legumes. Asmussen and Liston (1998) have used rpoC1 and psbA trnHGUG ndhF and their 
intergenic regions to construct the phylogeny of the genus Lathyrus. Kenicer et al. (2005), also 
working with Lathyrus, used trnL-F, trnS-G, and ITS to study systematics and biogeography. 
Nuclear sequences have also been used to barcode legume members of the Fabaceae family: 
Gao et al. (2010) have used the ITS2 region to identify medicinal plants, and Gao and Chen 
(2009) have investigated the potential of 4 coding chloroplast regions (rpoB, rpoC1, rbcL, and 
matK) and 2 non-coding nuclear regions (ITS1 and ITS2) for use as barcodes of the medicinal 
plants in Fabaceae by comparing DNA barcoding sequences. The results indicated that the 
efficiency of amplification for 6 candidate DNA barcodes ranges from 100% (ITS2) to 93% 
(matk) (Gao and Chen, 2009). Gao et al. (2011) have also used matK to barcode members of 
the Fabaceae family.

We evaluated the use of 2 chloroplast regions, trnL and rpoC1, and a nuclear re-
gion, ITS2, for their efficiency in barcoding the main Mediterranean leguminous crops. 
trnL and ITS2 successfully discriminated the species used, whereas rpoC1 identified only 
72% of them.
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MATERIAL AND METHODS

Plant material

Plant material of pasture and legumes was obtained from the Greek GenBank and 
the Fodder Crops and Pastures Institute (National Agricultural Research Foundation; Table 
1). The species selected were important Greek legumes used as crops for human nutrition 
or animal feed. Isolation of DNA was performed with 0.1 g seeds or leaves (from 10 plants) 
prepared as a starting material of fine powder using a Qiagen DNeasy plant mini kit (Qiagen, 
Crawley, UK) according to manufacturer instructions. The DNA concentration was estimated 
using standard spectrophotometric methods at 260 and 280 nm ultraviolet lengths with an Ep-
pendorf BioPhotometer. DNA integrity was assessed through gel electrophoresis on a 0.8% 
agarose gel. Samples were then diluted to 20 ng/µL for experimentation.

Polymerase chain reaction (PCR) amplification

PCR amplification was performed in a total volume of 25 μL in an MJ research thermo-
cycler. The reaction mixture contained 20 ng genomic DNA, 1X PCR buffer, 2.5 mM MgCl2, 
0.2 mM deoxyribonucleotide triphosphate, 300 nM forward and reverse primers (Supplementary 
Table 1), and 0.5 U Kapa Taq DNA polymerase (Kapa Biosystems, Foster City, USA). An initial 
denaturing step of 94°C for 3 min was followed by 30 cycles of 94°C for 20 s, 54°C for 40 s, and 
72°C for 20-40 s and a final extension step of 72°C for 2 min.

Sequence analysis

PCR products were directly sequenced in 2 directions of each fragment with a Big 
Dye terminator v3.1 Cycle sequencing kit (PE Applied Biosystems, Foster City, CA, USA) 
in an automated ABI 3730 sequencer (PE Applied Biosystems). The sequences were aligned 
using the CLUSTAL W program.

Bioinformatics

Species identification based on the sequence similarity approach was performed us-
ing the GenBank database. To test the efficiency of DNA barcoding as a species identification 
tool, a blind sampling test was conducted in which samples whose identities were known only 
to the submitting individual were selected and sequenced. We used Molecular Evolutionary 
Genetics Analysis 5.1 (Tamura et al., 2011) for pairwise Kimura 2-parameter distance calcu-
lations for all 3 DNA regions (2 chloroplast regions, trnL and rpoC1, and the nuclear region 
ITS2) to evaluate intraspecific and interspecific divergence in legumes. Insertions and dele-
tions (indels) were coded using the simple indel coding method of Simmons and Ochoterena 
(2000). Four tree-based methods were used to exhibit the molecular identification results to 
represent differences as an uprooted dendrogram. Neighbor joining and maximum parsimony, 
maximum likelihood, and Bayesian inference analyses determinations were performed in Phy-
logenetic Analysis Using Parsimony v. 4.0b10 (Swofford, 2003), PhyML v. 2.4.4 (Guindon 
and Gascuel, 2003), and MrBayes v. 3.1.2 (Ronquist and Huelsenbeck, 2003), respectively. 
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Additionally, the sequence character-based method (Rach et al., 2008) was used with DnaSP 
(Rozas et al., 2003), and the information from each site was treated as a character to distin-
guish the species from one another.

RESULTS

Table 1 shows the results of the evaluation of the 3 DNA barcoding marker regions 
we used in our study. All 25 selected Mediterranean leguminous crop species showed good 
amplification success. All of the loci analyzed exhibited high PCR success with standard 
primers, reaching a success rate near 100%. All of the PCR products corresponding to the 3 
DNA markers were successfully sequenced, and high-quality bidirectional sequences were 
obtained. Some sequencing problems were encountered with the ITS2 region for 2 samples 
(Medicago lupulina and Trifolium repens; see Table 1), partially owing to a high frequency 
of mononucleotide repeats that disrupted individual sequencing reads. The ITS2 region also 
included a partial sequence from nuclear 5.8S ribosomal DNA.

DNA region	 rpoC1	 trnL	 ITS2

Universal ability to primer	 Yes	 Yes	 Yes
Percentage PCR success	 100	 100	 100
Percentage sequencing success	 100	 100	   94
Aligned sequence length (bp)	 510	 734	 510
Average InDel length	 2.366	 1.965	 2.367
No. variable sites	 151	   83	 151
Parsimony-informative sites	 112	   48	 100
Distribution of variable sites	 Di and S	 I and D	 I and D
No. samples species (individuals)	  25 (100)	  25 (100)	 25 (100)
Interspecific distance mean (range), %	   1.109 (0-2.176)	   1.573 (0-2.676)	   1.759 (0-3.275)
Intraspecific distance mean (range), %	 -	 -	   0.006 (0-0.321)
Ability to discriminate	 18/25	 25/25	 25/25
%	   72	 100	 100

Di = dispersive; S = sparse; I = intensive; D = dense.

Table 1. Evaluation of three DNA barcoding marker regions, two chloroplast regions (trnL and rpoC1) and a 
nuclear region ITS2.

More specifically, we obtained 100 rpoC1, 100 trnL, and 100 ITS2 sequences from 25 
leguminous species, resulting in 300 new sequences (GenBank accession Nos. appear in Sup-
plementary Τable 2). With regard to universality of primers and success of sequence amplifi-
cation, the proportion at each of the 3 regions was 100% for the chloroplast regions trnL and 
rpoC1 and 94% for the nuclear region ITS2 (see Table 1). The trnL matrix aligned sequence 
length was 734 bp; the distribution of the 48 parsimony informative sites and 83 variable 
sites was intensive and dense across the matrix, with included indels (average length, 1.965). 
The rpoC1 matrix had 510 bp and indels with an average length 2.366 bp; the distribution of 
112 parsimony informative sites and 151 variable sites was dispersive and sparse across the 
matrix. For the ITS2 matrix, the aligned sequence length was 510 bp; the distribution of 100 
parsimony informative sites and 151 variable sites was intensive and dense across the matrix, 
and there were indels with an average length of 2.367 bp.

The mean sequence divergences in legume species were 1.173% (trnL), 1.109% 
(rpoC1), and 1.759% (ITS2). For ITS2, the mean value of genetic distance between species 
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was more than 10 times that of the intraspecific distance (0.006%). The discriminating power 
of the 3 markers at the species level was 72% (rpoC1), 100% (trnL), and 100% (ITS2). In 
general, ITS2 ranked first in divergence values among species, followed by trnL (see Table 
1). On the contrary, rpoC1 sequences showed lower sequence divergence. Figure 1 shows a 
graphical representation of the differences found among species as an unrooted dendrogram.

Using the trnL region, we searched the National Center for Biotechnology Informa-
tion database using the nucleotide ���������������������������������������������������    Basic Local Alignment Search Tool (���������������� nBLAST). All se-
quences showed 99-100% sequence identity with corresponding sequences in the database, 
with the exception of Phaseolus lunatus, Phaseolus coccineus, Vicia faba ssp major, and V. 
faba ssp minor (Table 2).

The chloroplast trnL barcoding region allowed the discrimination of all 25 crop le-
gumes, but the rpoC1 region allowed the discrimination of only 78% of the species. Moreover, 
the nuclear ITS2 region also allowed the discrimination of the legume species used in this 
study but had only 94% sequence success. Thus, the combined use of at least 2 of the barcod-
ing regions allowed the discrimination of all Mediterranean crop legumes used in this study. 

Table 3 lists the specific informative and discriminatory sites. P. lunatus has 2 diag-
nostic sites, 234 G and 288 G, whereas P. coccineus has 288 C and 327 C. Medicago sativa 
has 2 informative sites, 289 A and 307 C, and M. truncatula has one at 289 A. Pisum sativum 
ssp eliatus, which is closely related to P. sativum, has one informative site at 303 A. Another 
interesting informative site occurs between V. faba ssp major and V. faba ssp minor at 539 G.

Figure 1. Unrooted dendrogram (NJ) based on the trnL sequence matrix for 25 Mediterranean crop legume species. 
The support values (bootstrap or Bayesian posterior probabilities, in percentage) with three different tree-based 
methods [maximum parsimony (MP), Bayesian inference analysis (BI), maximum likelihood (ML)].
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Species studied	 Species identification (trnL)	 % Maximum identity

Lathyrus sativus	 Lathyrus sativus	 100
Lathyrus clymenum	 Lathyrus clymenum	   99
Lathyrus cicera	 Lathyrus cicera	 100
Lathyrus ochrus	 Lathyrus ochrus	 99
Lathyrus odoratus	 Lathyrus odoratus	   99
Pisum sativum subsp eliatus	 Pisum sativum	 100
Pisum sativum	 Pisum sativum	 100
Lupinus spp	 Lupinus albus	 100
Vicia faba subsp major*	 Vicia faba	 100
Vicia faba subsp minor*	 Vicia faba	 100
Cicer arietinum	 Cicer arietinum	 100
Glycine max	 Glycine max	   99
Lens esculentum	 Lens esculentum	 100
Phaseolus coccineus	 Phaseolus coccineus	 100
Vigna sinensis	 Vigna sinensis	 100
Phaseolus vulgaris	 Phaseolus vulgaris	 100
Phaseolus lunatus*	 Phaseolus vulgaris	 100
Vicia sativa	 Vicia sativa	   99
Trifolium pratense	 Trifolium pratense	 100
Trifolium repens	 Trifolium repens	 100
Trifolium alexandrinum	 Trifolium alexandrinum	   99
Medicago truncatula	 Medicago truncatula	 100
Medicago lupulina	 Medicago lupulina	 100
Medicago sativa	 Medicago sativa	   99
Arachis hypogaea	 Arachis hypogaea	 100

Table 2. Summary of identification based on each species consensus barcoded sequence using BLASTN search 
from GenBank.

Species									        Position

	 93	 129	 154	 165	 187	 234	 288	 289	 292	 294	 303	 307	 327	 330	 339	 539

Arachis hypogaea	 A	 C	 C	 G	 G	 G	 C	 G	 T	 T	 C	 T	 T	 C	 G	 A
Cicer arietinum	 T	 T	 T	 G	 T	 A	 C	 T	 C	 T	 G	 T	 T	 T	 T	 -
Glycine max	 C	 C	 T	 A	 C	 G	 C	 C	 T	 A	 G	 C	 T	 T	 G	 G
Lathyrus cicera	 T	 C	 T	 G	 T	 A	 C	 T	 T	 T	 G	 T	 T	 T	 T	 A
Lathyrus clymenum	 A	 C	 T	 G	 T	 A	 C	 C	 T	 A	 G	 T	 T	 T	 T	 A
Lathyrus ochrus	 T	 T	 T	 G	 T	 A	 C	 C	 T	 A	 G	 T	 T	 T	 T	 A
Lathyrus odoratus	 T	 C	 T	 G	 C	 G	 C	 T	 T	 T	 G	 T	 T	 T	 T	 G
Lathyrus sativus	 T	 C	 T	 G	 T	 A	 C	 T	 T	 T	 G	 C	 T	 T	 T	 G
Lens esculentum	 T	 C	 T	 G	 T	 A	 C	 T	 C	 T	 G	 T	 T	 T	 T	 G
Lupinus spp	 C	 T	 C	 G	 T	 G	 T	 T	 C	 C	 C	 C	 T	 T	 G	 G
Medicago lupulina	 T	 T	 T	 G	 T	 A	 C	 T	 T	 T	 G	 T	 T	 C	 T	 A
Medicago sativa	 T	 T	 T	 G	 T	 A	 C	 A	 T	 T	 G	 C	 T	 C	 T	 G
Medicago truncatula	 T	 T	 T	 G	 T	 A	 C	 A	 T	 T	 G	 T	 T	 C	 T	 G
Phaseolus coccineus	 C	 T	 T	 A	 C	 A	 C	 G	 T	 C	 G	 C	 C	 T	 A	 A
Phaseolus lunatus	 C	 T	 T	 A	 C	 G	 G	 G	 T	 C	 G	 C	 T	 T	 A	 A
Phaseolus vulgaris	 C	 T	 T	 A	 C	 A	 G	 G	 T	 C	 G	 C	 T	 T	 A	 A
Pisum sativum	 T	 C	 T	 G	 T	 A	 T	 T	 T	 T	 G	 T	 T	 T	 T	 A
Pisum sativum subsp elatius	 T	 C	 T	 G	 T	 A	 T	 T	 T	 T	 A	 T	 T	 T	 T	 G
Trifolium alexandrinum	 T	 T	 T	 G	 T	 A	 C	 T	 T	 T	 G	 T	 T	 T	 T	 A
Trifolium pratense	 T	 T	 T	 G	 C	 A	 C	 T	 T	 T	 G	 T	 T	 C	 G	 A
Trifolium repens	 T	 T	 C	 G	 C	 A	 C	 T	 T	 T	 G	 T	 T	 C	 T	 A
Vicia faba subsp major	 T	 T	 T	 G	 T	 A	 C	 T	 T	 T	 G	 T	 T	 T	 T	 -
Vicia faba subsp minor	 T	 T	 T	 G	 T	 A	 C	 T	 T	 T	 G	 T	 T	 T	 T	 G
Vicia sativa	 T	 T	 T	 G	 T	 A	 C	 T	 T	 T	 A	 T	 T	 T	 T	 -
Vigna unguiculata	 C	 T	 T	 G	 C	 G	 G	 T	 T	 T	 G	 T	 C	 T	 G	 G

Table 3. Character based DNA database for Mediterranean crop legume species from the trnL region.

Character states (nucleotides) at 16 selected positions (ranging from 93 to 539) are shown. Bold letters show 
important diagnostic character sites. (-) = indel site.
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DISCUSSION

Information on plastid genome sequences is of great importance for barcoding land 
plants. Sequence information plays a key role in identifying and discriminating species, thus 
allowing the certification of commercial and, especially, PDO products. Barcoding regions 
should be universal, should have very few or no ambiguous calls bi-directionally, and should 
allow the discrimination of most species. Many regions of the plastid genome have been used 
for DNA barcoding to date, usually in combinations of 2 or 3 (Kress et al., 2005; Chase et al., 
2007; Hollingsworth et al., 2009, 2011).

The capability of a DNA region to discriminate all species is the ultimate test. We used 
the chloroplast trnL (Taberlet et al., 2007) and rpoC1 regions and the nuclear ITS2 region to 
barcode the main Mediterranean leguminous crop species. The trnL barcoding region suc-
cessfully discriminated all crop species used. This region has been used extensively because 
it incorporates all of the desirable characteristics of a barcoding region and includes a small 
region of the P6 loop, which is very useful, especially for small DNA fragments (degraded 
DNA, ancient DNA, etc.) (Taberlet et al., 2007; Hollingsworth et al., 2011). The trnL intron 
is the only group I intron in the chloroplast genome and has a conserved secondary structure, 
especially at the regions that flank the trnL exons (Bakker et al., 2000). The central part of 
the intron includes the P6 and P8 stem-loop regions, which account for most of the sequence 
variation. The trnL region has been successfully exploited in barcoding and food authentica-
tion (Taberlet et al., 2007; Spaniolas et al., 2010). Although this barcoding region successfully 
discriminated all 25 legume crop species, 2 samples (M. lupulina and T. repens; see Table 1) 
did not perform as well as others in the sequence reaction, possibly owing to the presence of a 
high frequency of mononucleotide repeats that disrupt individual sequencing reads.

The ITS region has been proposed by others as a suitable barcode (Kress et al., 2005). 
This region can be problematic in some species, however, owing to gene duplication and the 
presence of paralogues and pseudogenes (Chase et al., 2007). When rpoC1 was used alone, it 
discriminated only 72% of the species, which might be expected owing to the generally low 
discrimination efficiency of the locus (Hollingsworth et al., 2011). Gao and Chen (2009) have 
investigated the potential of 4 coding chloroplast regions (rpoB, rpoC1, rbcL, and matK), and 
2 noncoding nuclear regions (ITS, ITS2) as barcodes for the medicinal plants in the Fabaceae 
family by comparing DNA barcoding sequences. The results indicated that the efficiency of 
amplification for the 6 candidate DNA barcodes ranged from 100% (ITS2) to 93% (matk).

The sequence data obtained for trnL and ITS2 were used to obtain a dendrographic 
representation of the differences between the species used. Although it is not a phylogenetic 
tree in the strict sense, it can still be used to discriminate both P. coccineus and P. lunatus and 
V. faba and V. sativa. The placement of the other species used in this study in the phylogenetic 
tree cannot be directly compared with placements made in other studies owing to the methods 
used to construct the tree. Of interest, however, is that when we searched the National Center 
for Biotechnology Information database with V. faba ssp major and minor, we obtained 100% 
identity with V. faba. The same applied for P. lunatus, which was identified as P. vulgaris. 
This result may occur because the sequences in the database have not been annotated or the 
sequences of the specific species are absent from the database. It could also be because the 
sequence is 100% identical and not in the full length of the sequence used to interrogate the 
database but in the longest stretch of it.
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In addition, trnL discriminated Lathyrus species but, surprisingly, also discriminated 
V. faba ssp major from V. faba ssp minor, which are considered to be very closely related. Our 
analysis also shows that P. sativum can be discriminated as P. sativum ssp eliatus and L. odora-
tus (ornamental Pisum). Pisum species have been placed between Vicia and Lathyrus species 
in accordance with Smykal et al. (2010), although in our study, Pisum species were found to 
be closely related to those of Lathyrus. The presence of indels in trnL, rpoC1, and ITS2 is a 
prerequisite for barcoding species. Indels in general increase the discriminatory power of a re-
gion and in the case of V. faba ssp major and minor, can discriminate even species considered 
identical (Kress et al., 2005). 

Mediterranean crop legumes have an important role in human diets, animal agricul-
ture, and protection of soil (enriching it either with nitrogen as plants or as a green manure and 
thus contributing to sustainable agriculture). Barcoding Mediterranean legumes offers impor-
tant information to the scientific community and the productive sector because it is a useful 
tool for the identification of these crops. Moreover, as legumes are used in various processed 
products, which could include PDO or protected geographical indication species or products, 
the use of barcoding, especially of trnL, could yield valuable information on product content 
and enable the identification of product composition. A single locus, trnL or ITS, is suitable 
to barcode all of the main Mediterranean crop legumes, whereas rpoC1 cannot be used alone 
for this purpose.
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SUPPLEMENTARY MATERIAL

Region	 Primer	 Reference

trnL-F	 5'-CGAAATCGGTAGACGCTACG-3'	 Taberlet et al., 2007
trnL-R	 5'-GGGGATAGAGGGACTTGAAC-3'	 Taberlet et al., 2007
rpoC1-F	 5'-GGCAAAGAGGGAAGATTTCG-3'	 Hollingsworth et al., 2009
rpoC1-R	 5'-CCATAAGCATATCTTGAGTTGG-3'	 Hollingsworth et al., 2009
ITS2-F	 5'-ATGCGATACTTGGTGTGAAT-3'	 Chen et al., 2010
ITS2-R	 5'-GACGCTTCTCCAGACTACAAT-3'	 Chen et al., 2010

Supplementary Table 1. Primers used in this study.

Species	 Source	 ITS2 Genbank accession	 rpoC1 Genbank accession	 trnL Genbank accession

Lathyrus clymenum	 NAGREF	 JN617185	 JN617135	 JN617161
Lathyrus cicera	 NAGREF	 JN617186	 JN617136	 JN617162
Lathyrus sativus	 NAGREF	 JN617187	 JN617137	 JN617160
Lathyrus ochrus	 NAGREF	 JN617188	 JN617138	 JN617163
Pisum sativum subsp eliatus	 NAGREF	 JN617189	 JN617139	 JN617164
Pisum sativum	 NAGREF	 JN617190	 JN617140	 JN617165
Lupinus spp	 NAGREF	 JN617191	 JN617141	 JN617166
Vicia faba subsp major	 NAGREF	 JN617192	 JN617142	 JN617167
Vicia faba subsp minor	 NAGREF	 JN617193	 JN617143	 JN617168
Cicer arietinum	 NAGREF	 JN617194	 JN617144	 JN617169
Glycine max	 NAGREF	 JN617195	 JN617145	 JN617170
Lens esculentum	 NAGREF	 JN617196	 JN617146	 JN617171
Phaseolus coccineus	 NAGREF	 JN617197	 JN617147	 JN617172
Vigna sinensis	 NAGREF	 JN617198	 JN617148	 JN617173
Phaseolus vulgaris	 NAGREF	 JN617199	 JN617149	 JN617174
Phaseolus lunatus	 NAGREF	 JN617200	 JN617150	 JN617175
Vicia sativa	 NAGREF	 JN617201	 JN617151	 JN617176
Lathyrus odoratus	 NAGREF	 JN617202	 JN617152	 JN617177
Trifolium pratense	 NAGREF	 JN617203	 JN617153	 JN617178
Trifolium repens	 NAGREF	 JN617204	 JN617154	 JN617179
Trifolium alexandrinum	 NAGREF	 JN617205	 JN617155	 JN617180
Medicago truncatula	 NAGREF	 JN617206	 JN617156	 JN617181
Medicago lupulina	 NAGREF	 JN617207	 JN617157	 JN617182
Medicago sativa	 NAGREF	 JN617208	 JN617158	 JN617183
Arachis hypogaea	 NAGREF	 JN617209	 JN617159	 JN617184

Supplementary Table 2. GenBank accession Nos. of samples subjected to the species identification test using 
the ITS2, rpoC1 and trnL regions.


