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Abstract

A little is known about the genetic variability present in globe artichoke, cultivated and wild cardoons. This knowledge
is very important for efficient genetic resources utilization, and to gain a better understanding of genetic structure of this
botanical varieties. With the aims to determine genetic distances between Cynara cardunculus accessions and to compare
two molecular markers systems for their efficiency to differ between botanical varieties, a molecular characterization of
sixteen accessions from different geographical origins was performed. Seven SSR and seven SRAP markers were used
for varieties characterization and to calculate genetic distances between them. Both distance matrices were subjected to
cluster analysis. Exclusive SSR alleles were found for globe artichoke and for wild cardoon, but non exclusive alleles
were found for cultivated cardoon. For both markers systems two major groups were identified, one of them included
mostly globe artichoke accessions and the other one grouped mainly cardoons. The differences observed in the sub-cluster
conformation with each marker systems may be due to intrinsic characteristics of the markers. Concluding, both kind of
molecular markers are valuable tools for studying genetic distances between C. cardunculus accessions although they
give different information. Nevertheless, SSR electrophoretic profiles are simpler to score than SRAP markers because
they consist of just a few bands. As well, bands are highly informative because of the great number of alleles existing in
population and they are codominant markers. In addition, SSR’s use would reduce time and costs.

Additional key words: cardoon; genetic resources; genetic variability; globe artichoke.

Resumen

Marcadores SSR (simple sequence repeat) vs. SRAP (sequence-related amplified polymorphism)
en la caracterizacion de Cynara cardunculus

En la actualidad existe poca informacion acerca de la variabilidad genética presente en alcachofa y cardos (silves-
tres y cultivados). Conocer esta variabilidad es importante para utilizar eficientemente los recursos genéticos dispo-
nibles y comprender la estructura genética de estas variedades botanicas. Con el objetivo de determinar las distancias
genéticas entre accesiones de Cynara cardunculus y comparar dos sistemas de marcadores moleculares en cuanto a
su eficiencia para establecer diferencias entre las variedades, se realiz6 la caracterizacion molecular de 16 accesio-
nes de diferentes origenes geograficos. Para ello se utilizaron siete primers SSR y siete SRAP. Se calcularon las dis-
tancias genéticas y ambas matrices fueron sometidas a analisis de agrupamiento. Se encontraron alelos SSR exclusi-
vos para alcachofa y cardo silvestre, pero no para cardo cultivado. El analisis de agrupamiento con ambos marcadores
permitid identificar dos grandes grupos, el primero incluyé mayoritariamente accesiones de alcachofa mientras que
el segundo agrupd a la mayoria de los cardos. Las diferencias observadas en la formaciéon de sub-grupos con ambos
sistemas se deberian a caracteristicas intrinsecas de los mismos. En conclusidon, ambos sistemas de marcadores re-
sultan herramientas validas para el estudio de distancias genéticas en C. cardunculus a pesar de que ambos brindan
diferente tipo de informacién. Sin embargo, los patrones electroforéticos obtenidos con SSR son mas simples de ana-
lizar que los SRAP ya que consisten en s6lo unas pocas bandas, altamente informativas debido a que existe un eleva-
do nimero de alelos codominantes en la poblacion. Por otra parte, el uso de SSR permitiria reducir tiempos y costos.

Palabras clave adicionales: alcachofa; cardo; recursos genéticos; variabilidad genética.
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Introduction

Cynara cardunculus L. is a diploid (2n=2x=34),
perennial and cross-pollinated species belong to the
Asteraceae family and native of the Mediterranean
basin. The crop primary complex includes three bota-
nical varieties: Cynara cardunculus var. scolymus (globe
artichoke), C. cardunculus var. cardunculus (cultivated
cardoon) and C. cardunculus var. sylvestris (wild car-
doon) which are fully interfertile between them and
their F, hybrids are fertile. The Cynara genus also in-
cludes other species: C. syriaca Boiss., C. sibthorpiana
Boiss. et Heldr., C. algarbiensis Cosson, C. baetica
(Spreng.) Pau (syn. alba Boiss.), C. humilis L., C. cyre-
naica Maire & Weiller (Rottenberg and Zohary, 1996,
2005); C. auranitiaca and C. tournefortii (Robba et al.,
2005). However, reproductive barriers separate the crop
primary complex from the other wild Cynara species.

Globe artichoke heads or capitulum, which are
immature composite inflorescences, are the edible
parts of the plant and are used as a fresh, frozen or canned
delicacy all over the world. Its cultivation is largely
diffused in European Mediterranean countries and, to
a lesser extent in South America, United States and,
more recently, also in China (Bianco, 2005). The edible
parts of cultivated cardoon are fleshy stems. It is culti-
vated in Spain, Italy and the south of France, where it
is used in traditional dishes (Lanteri and Portis, 2007).
In Argentina it is cultivated and consumed by European
immigrant’s descendants.

Alternative uses of these crops have been described
in the last years, artichoke leaf extracts have been
reported to inhibit cholesterol biosynthesis and to pre-
vent cardiovascular disease. Also, artichoke and cardoon
achenes are oil sources, and their biomass could be
used for forage, paper pulp or biofuel (Maccarone et
al., 1999; Gominho et al., 2000; Curt et al., 2002;
Quilho et al., 2004).

In contrast to other horticultural crops, no intensive
breeding programs have been carried out for globe
artichoke or cultivated cardoon (Sonnante et al., 2008).
For this reason, a better knowledge of C. cardunculus
genetics and variability is crucial in order to plan new
breeding strategies, for efficient germplasm resources
utilization and to maintain genetic diversity, which sus-
tains long-term selection responses and reduces vulne-
rability (Sorrels and Wilson, 1997; Troyer et al., 1998;
Jana, 1999).

Several authors analyzed the variability among C. car-
dunculus accessions using morphologic traits and bio-

chemical markers (Dellacecca ef al., 1976; Porceddu
et al., 1976; Miccolis et al., 1989; Hammouda et al.,
1993; Rottenberg et al., 1996; Asprelli et al., 2001).
However, some of these markers are highly influenced
by environmental conditions and give limited informa-
tion, thus it is essential to include molecular characteri-
zation in diversity studies.

There are several kinds of molecular markers, each
one brings different information and have its own ad-
vantages and disadvantages. Microsatellites, also known
as simple sequence repeat (SSR) are tandem repeats
of 1 to 6 bp which occur frequently in most eukaryotes
genomes and can be highly informative since they are
multiallelic and greatly reproducible. To amplify a
particular SSR it is necessary to know the sequence
flanking it to design usefull SSR primers. This can be
laborious, time consuming and costly, then, the use of
SSR technology depends usually, on the availability of
suitable primers. Several SSR markers have been de-
veloped for C. cardunculus (Acquadro et al., 2003,
2005a,b, 2009), so it is not a limiting variable in this
species.

On the other hand, sequence-related amplified poly-
morphism (SRAP) target open reading frames (ORFs).
Primers consist of core sequences, which are 13 to 14
bases long, where the first 10 or 11 bases starting at
the 5’ end, with no specific constitution, followed by
the CCGG sequence in the forward primer (to hybri-
dize with exons which are CG rich regions) and AATT
sequence in the reverse primer which target introns
(AT rich). These core sequences are followed by three
selective nucleotides at the 3’ end which are variable
from a primer to another (Li and Quiros, 2001). The
advantages of this technology are that it is not ne-
cessary to know any sequence of genome under study
and that this kind of markers is multilocus.

The aims of this study were to determine genetic
distances between sixteen C. cardunculus accessions
and to compare SSR with SRAP marker systems for
their effectiveness in differing between globe artichoke
and wild and cultivated cardoon.

Material and methods

Sixteen accessions of Cynara cardunculus L. inclu-
ding globe artichoke, wild and cultivated cardoon (Ta-
ble 1), were sown in a completely randomized design in
the Experimental Station of Rosario National Univer-
sity, located at Zavalla (33° 1’ S; 60° 53° W), Argentine.
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Table 1. List of Cynara cardunculus accessions geographical
origins and botanical varieties

A . Geographical Botanical
ccession P .
origin varieties
1. Salanquet France scolymus
2. Violeta de Provenza  France
3. Nato Argentine
4. Romanesco Italy
5. Violetto Precocce Italy
6. Feltrin Roxa Brazil
7. Feltrin Verde Brazil
8. Gauchito FCA Argentine
9. Esmeralda FCA Argentine
10. 51A3 Argentine
11. Farmer 1 (F1) Argentine cardunculus
12. Florensa S.A. Argentine
13. Semence S.A. Argentine
14. Farmer 2 (F2) Argentine
15. Farmer 3 (F3) Argentine
16. Route 9 (R9) Argentine sylvestris

Since this study did not aim to determine the pre-
sence of genetic variability within the accessions, five
plants bulk of each accession were analyzed in order
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to represent the putative genetic variability present
within accessions. Young fresh leaves of adult plants
were ground to powder in liquid nitrogen and then ge-
nomic DNA was extracted using the PureLink Plant
Total DNA Purification Kit (Invitrogen, Carlsbad, CA,
USA). The resulting DNA was resuspended in TE buffer
(10 mM Tris-HCI, | mM EDTA, pH 8.0). Then it was
quantified with commercial kit «QubitTM Flourometer
(Invitrogen)» and stored at —20°C.

SSR protocols

Ten pairs of primers were tested (Table 2). SSR loci
were amplified by the polymerase chain reaction
(PCR) containing 50 ng DNA, 0.2 mM dNTPs, 1.5 mM
MgCl,, 0.5 uM of each primer, 2 uL 10X Taq buffer and
1 U Taq polymerase (PB-L, Quilmes National Univer-
sity, Argentine) in a final volume of 20 pL. Samples were
amplified by PCR with the following temperatures
profile: 94°C for 5 min, 11 cycles at 94°C for 30 s, 60°C
for 30 s decreasing by 0.5°C every cycle and 72°C for
1 min, finally 24 cycles at 94°C for 30 s, 55°C for 30
s and 72°C for 1 min (Acquadro et al., 2003, 2005a,b).

Table 2. Sequence of primers used for simple sequence repeat (SSR)

Allele size

SSR Primer pair sequence (5°-3) range (bp) Author

CMAFLP-04 F: CGATAGCTCTTTCCCTTT

R: ATCCCTGAGATTGGTTTAC 310-360 Aquadro et al. (2005a)
CMAFLP-07 F: GGCTCCACCGTACTCCTA

R: TCTCTCGTCAGTAAACCC 210-235 Aquadro et al. (2005a)
CMAL-02! F: TAACCAAGAATATATCATGGAC

R: AGAACCAGTTTTCATCAGAT 104-134 Aquadro et al. (2005b)
CMAL-6 F: CTGCAAGGAAAAGTAATCAT

R: CCGATATAGATGAACCTAGC 140-164 Aquadro et al. (2005b)
CMAL-07! F: AACCTGGTCGATGAATAATG

R: GGTCTTGGTCTTCATGTCTC 160-184 Aquadro et al. (2005b)
CMAL-08 F: GAAGCAGATAATTGAAGTGTTG

R: AATCCAATTCAACAAAATCTAC 150-174 Aquadro et al. (2005b)
CMAL-21 F: TAAATAGTTAGTGTTCTCGTTTG

RTGGGGTTGTATTGGTTG 130-160 Aquadro et al. (2005b)
CMAL-24 F: GCCCGTTCACACAACA

R: CAGGTTCTTTTTATACAGCAG 186-220 Aquadro et al. (2005b)
CMAL-25! F: GAATCTAGTATACACAAGGTCA

R: GGGTGCATAATGGTGATG 105-115 Aquadro et al. (2005b)
CMAL-108 F: TAACTAACCTCTAACATTGCCA

R: AGAGAGCAATCTCTAACAAAG 86-92 Aquadro et al. (2005b)

! SSR that did not show robust amplifications profiles.
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Amplification products were mixed with formamyde
dye (98% formamyde, 10 mmol EDTA L, 0.01% w/v
bromophenol blue, and 0.01% w/v xylene cyanol),
denatured at 95°C for 5 min and quenched on ice,
separated on 6% (w/v) denaturing polyacrylamide gels,
and visualized with silver staining (Bassam ef al.,
1991). Each SSR allele was scored as present (1) or
absent (0).

SRAP protocols

Seven primers combination (Mel/Em4, Mel/EmS5,
Me2/Emé4, Me3/Em2, Me3/Em5, Me4/Em3, Me4/Em4)
were tested (Li and Quiros, 2001). Each PCR reaction
sample was performed with 20 ng DNA, 5 mM dNTPs,
50 mM MgCl,, 10 uM of each primer, 5.2 pL 10X Taq
buffer and 4 U Taq polymerase (PB-L, Quilmes Na-
tional University) in a final volume of 20 pL. Samples
were amplified by PCR with the following thermal
profile: 5 min at 94°C, 3 cycles of 1 min at 94°C, 1 min
at35°Cand 1 min at 72°C, a 35 cycles of 1 min at 94°C,
I min at 50°C and 1 min at 72°C, with a final step of
1 min at 72°C. The amplification products were also
visualized in denaturing polyacrylamide gels with
silver staining. Bands were scored as present (1) or
absent (0).

For each marker system, genetic distances were
calculated according to standardized Jaccard’s distance
index (JDI) (Di Renzo et al.,2001). Both JDI matrices
were subjected to cluster analysis and a dendrogram
was created for each one using, in both cases, the
Ward’s method for InfoStat statistical software (Di
Renzo et al., 2001). To test the dendrogram goodness
of fit, the cophenetic correlation between the similarity
matrix and the corresponding cophenetic matrix (com-
puted from the tree matrix that generate the dendro-
gram) was calculated (Rohlf, 1974).

Results and discussion

Ten microsatellites were initially tested; three of
them did not show robust amplification profiles and
were discarded. Therefore, the analysis of the sixteen
Cynara cardunculus accessions was performed with
seven microsatellites, which gave one or two alleles
per accession. The whole primers tested detect 25 alleles
across the 16 accessions, ranging from 1 (CMAL-24)
to 5 (CMAL-21 and CMAL-06) alleles per locus, with

a 92% of polymorphism. Microsatellites are regions
with high mutation rate, so such high percentages of
polymorphism are very frequent (Matus and Hayes,
2002). Acquadro et al. (2005b) observed 65.9% of
polymorphic alleles assessing genetic distances in a
C. cardunculus population with SSR markers.

We found two SSR alleles exclusive for globe arti-
choke. One of them is a fragment of 140 bp obtained
with the primers CMAL-21 and the other one is a
fragment of 310 bp obtained with CMAFLP-04.
Another two exclusive alleles were found for wild
cardoon with the primers CMAL-21 and CMAFLP-07
(150 and 200 bp, respectively). No exclusive alleles
were detected for cultivated cardoon. This fact may be
a consequence of loose of genetic identity as a result
of reiterating intercrossing between cultivated cardoon
and the others botanical varieties (wild cardoon or
globe artichoke). Acquadro et al. (2005b) by SSR mar-
kers amplified 6 distinctive alleles in globe artichoke
and 26 in wild cardoon, but neither exclusive alleles
were identified in cultivated cardoon, since each allele
observed in cultivated cardoon was shared by at least
one globe artichoke accession.

JDI obtained from SSR data ranged from 0.35 to
0.96 (Table 3). The lowest values were observed bet-
ween both globe artichoke Brazilian accessions (Feltrin
Roxa and Feltrin Verde) and between two Argentinian
globe artichoke accessions (Gauchito and 51Aj;, both
from the local breeding program). The highest JDI
values were found between a wild cardoon accessions
(R9) and two Argentinian globe artichoke varieties
(Nato and Gauchito). The average JDI was 0.73, indica-
ting that the germplasm under study is fairly rich in
diversity (Chen and Du, 2006).

Cluster analysis was able to identify two major groups.
The cophenetic correlation was higher than 0.70 which
indicates an acceptable goodness of fit of the similarity
indices. One of the obtained groups (CI) included
mostly globe artichoke accessions, whereas, the other
one (CII) grouped mainly cardoons, with some excep-
tions (Fig. 1).

Cluster 1 (CI) was sub-divided into three sub-clusters.
Each one was performed with accessions with common
geographical origin, thus Feltrin Roxa and Feltrin Verde
(from Brazil) were grouped together with the lowest
JDI(0.35); Violetto Precocce and Romanesco, both Ita-
lian varieties, perform another sub-cluster (JDI=0.63)
together with a cultivated cardoon Semence (Argen-
tine). Finally, Esmeralda, 51A,, Gauchito and Nato,
which are all Argentinean varieties obtained from the
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Table 3. Jaccard’s distances index matrix between the 16 accessions obtained by SRAP (above the diagonal) and SSR

(below the diagonal)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 — 0.65 0.77 0.67 076 0.68 0.72 071 0.70 0.68 0.75 0.77 0.75 0.74 0.77 0.77
2 052 — 069 064 078 071 0.72 0.68 0.69 0.67 071 0.73 075 0.72 0.76 0.73
3 082 08 — 072 073 077 0.74 081 075 0.71 076 0.72 0.78 0.76 0.77 0.72
4 078 080 063 — 076 0.69 0.75 0.73 0.69 0.68 069 0.72 0.75 0.75 0.79 0.73
5 065 063 076 063 — 075 0.72 0.84 081 0.75 0.80 0.75 0.77 0.81 0.79 0.80
6 068 076 078 076 055 — 0.75 0.77 0.76 0.74 0.75 0.79 0.78 0.76 0.78 0.81
7 074 077 0.67 061 050 035 — 082 076 074 068 0.72 0.70 0.67 0.68 0.72
8§ 080 082 067 071 074 083 077 — 070 0.74 0.81 0.81 0.82 0.84 0.85 0.85
9 060 076 071 0.73 068 062 055 068 — 068 074 079 078 0.77 0.79 0.79
10 071 0.71 0.63 0.67 0.58 0.71 053 035 045 — 0.72 0.75 0.76 0.75 0.78 0.77
11 058 0.61 077 0.75 0.61 0.67 075 0.77 074 071 — 0.65 0.69 0.65 0.70 0.68
12077 085 090 085 085 080 080 094 079 089 077 — 062 0.70 0.70 0.58
13 076 0.63 071 045 045 058 058 071 065 050 071 076 — 0.70 0.73 0.63
14 085 089 082 082 082 082 079 089 085 084 088 075 091 — 059 0.65
15 071 0.75 084 0.75 0.61 0.67 061 084 074 071 0.71 0.77 0.71 0.65 — 0.72
16 083 0.77 096 090 0.77 0.80 0.82 0.96 0.89 0.89 0.79 0.80 0.71 085 0.79 —

In italics, minimum JDI value. In bold, maximum JDI values.

local breeding program grouped together to perform
the third sub-cluster.

On the other hand, the second cluster (CII) can sub-
divide into two sub-clusters. Most of the cultivated
cardoons (F2, F3 and Florensa) grouped with the wild
cardoon R9. The other sub-cluster was conformed to
the other cultivated cardoon accession (F1) and the
French globe artichoke accessions (Violetta de Pro-
venza and Salanquet).

The analysis performed with SRAP data (270
polymorphic bands) showed an average JDI=0.74

Feltrin Verde
Feltrin Roxa
Semence
Violetto Precocce
Romanesco
Esmeralda

51A;

Gauchito

Nato

Farmer 1
Violeta de Provenza
Salanquet

T T T T 1
0.00 0.36 0.73 1.09 1.45

Figure 1. Dendrogram compiled by Ward method showing
the grouping of the 16 Cynara cardunculus accessions based
on SSR markers. G: globe artichoke. C: cultivated cardoon.
W: wild cardoon. Cophenetic correlation coefficient=10.72.

(Table 3) similar to that obtained with SSR data. Ne-
vertheless, these JDI values presented a minor range
of dispersion as it has been expected with data coming
from coding sequences which tend to be more conser-
ved. JDI’s ranged between 0.58 (between cultivated
cardoon Florensa and wild cardoon R9) and 0.85
(between Gauchito and F3 or Gauchito and R9). These
results agree with those obtained with SSR in which
Gauchito and R9 also show the largest distances from
one to the other.

The dendrogram obtained with these JDI data also
contained two main clusters (Fig. 2) in which cardoons
and globe artichoke accessions appear separated one
from the others (cophenetic correlation coefficient=
0.78). In this sense, Cluster 1 (CI) included all the
cardoons accessions together with Feltrin Verde;
whereas Cluster 2 (CII) included only globe artichokes,
most of them grouped in an only one sub-cluster,
except Nato and Violetto Precocce which showed a
JDI=0.76 and conformed another sub-cluster.

Accessions F1, F2 and F3 together with Feltrin
Verde perform a sub-cluster into the cluster 1, whereas
the cultivate cardoons (Semence and Florence) and the
wild cardoon accession grouped in another sub-cluster.
Semence and Florence are both commercial varieties,
whereas F1, F2 and F3 are three accessions collected
in local producers’ fields.

Both markers systems showed clusters with two
main groups, one mostly conformed to globe artichoke
accessions and the other one with cultivated cardoons,
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Figure 2. Dendrogram compiled by Ward method showing
the grouping of the 16 Cynara cardunculus accessions based
on SRAP markers. G: globe artichoke. C: cultivated cardoon.
W: wild cardoon. Cophenetic correlation coefficient =0.78.

nevertheless dendrograms were different in branching
within each group.

The single wild cardoon included in the assay (R9)
grouped with cultivated cardoons in both dendrograms.
DNA studies (Lanteri et al., 2004; Acquadro et al.,
2005a), cytogenetic- and isozyme-based analysis
(Rottenberg et al., 1996) have all confirmed that wild
cardoon is the ancestor of both cultivated C. carduncu-
lus forms, which evolved independently under the in-
fluence of different anthropogenic selection criteria: globe
artichoke for its capitula and cardoons for its succulent
leaves. On the other hand, domestication of globe arti-
choke took place in the beginning of the first millennium
while domestication of cardoon took place in the first
half of the second millennium (Sonnante ez al., 2007).
Due to the low time since from both botanical varieties
separation, it is reasonable that cultivated cardoons
share more alleles with the wild progenitor than globe
artichoke. In addition, both cardoon forms are full
cross-compatible and seed propagated what may contri-
bute to maintain a rather similar genetic background.

The differences observed in the sub-cluster confor-
mation with each marker systems may be due to intrin-
sic characteristics of the markers. As Li and Quiros
(2001) have pointed out, SRAP target ORFs, sequences
which tend to be more conserved between genotypes
than microsatellites which are generally non-coding
regions, then, they are more variable. Clearly, the infor-
mation given by both marker systems is different, which,
results in not coincident dendrograms.

It is probable that if the number of SSR markers
increase, the three botanical varieties identification
will be improved. Acquadro et al. (2005b) genotyping
36 C. cardunculus accessions with 14 SSR, obtained
three clusters, one of them contained only globe arti-
chokes, other conformed to wild cardoons and the third
one contained exclusively cultivated cardoon accessions.

SRAP technology give more bands per primer com-
bination tested than SSR because of the random design
of SRAP primers; possibly because of it, when we tried
to obtain a dendrogram using the whole data acquired
with both marker systems the tree was similar to the
SRAP one.

Concluding, both kind of molecular markers are
valuable tools for study genetic distances between
globe artichokes and cardoons although they give
different information. Nevertheless, SSR electropho-
retic profiles are simpler to score than that resultant
of SRAP markers because they consist of just a few
bands. As well, bands are highly informative because
of the great number of alleles existing in population
and they are codominant markers. Also, SSR brings
the possibility to perform multiplex-PCR increasing
the information obtained in each experiment, reducing
time and costs.
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