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ABSTRACT. Tunisia is rich in diverse forage and pasture species including
perennial ryegrass. In order to enhance forage production and improve
agronomic performance of this local germplasm, a molecular analysis was
undertaken. Random amplified polymorphic DNA (RAPD), inter simple
sequence repeats (ISSR) and morpho-agronomical traits markers were
used for genetic diversity estimation of ryegrass germplasm after screening
20 spontaneous accessions, including a local and an introduced cultivars.
Same mean polymorphism information content values were obtained (0.37)
for RAPD and ISSR suggesting that both marker systems were equally
effective in determining polymorphisms. The average pairwise genetic
distance values were 0.57 (morpho-agronomical traits), 0.68 (RAPD),
and 0.51 (ISSR) markers data sets. A higher Shannon diversity index
was obtained with ISSR marker (0.57) than for RAPD (0.54) and morpho-
agronomical traits (0.36). The Mantel test based on genetic distances of a
combination of molecular markers and morpho-agronomical data exhibited
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a significant correlation between RAPD and ISSR data, suggesting that
the use of a combination of molecular techniques was a highly efficient
method of estimating genetic variability levels among Tunisian ryegrass
germplasm. In summary, results showed that combining molecular and
morpho-agronomical markers is an efficient way in assessing the genetic
variability among Tunisian ryegrass genotypes. In addition, the combined
analysis provided an exhaustive coverage for the analyzed diversity and
helped us to identify suitable accessions showed by Beja and Jendouba
localities, which present large similarities with cultivated forms and can be
exploited for designing breeding programmes, conservation of germplasm
and management of ryegrass genetic resources.

Key words: Genetic diversity; Germplasm; ISSR; Morpho-agronomy;
Perennial ryegrass; RAPD

INTRODUCTION

Perennial ryegrass (Lolium perenne L.) is a diploid species (2n = 14), widespread forage
grass in the Mediterranean region. It grows rapidly, is easily established, and often used for
stabilization of soils. Lolium perenne is one of the most important cool season perennial grass
species in humid and sub-humid areas (Cunningham et al., 1997). Perennial ryegrass is widely
planted for range, pasture, hay, and turf. This pasture grass is seeded in mixtures with other,
slower-growing, more long-lasting species to provide a quick cover.

Tunisian natural flora is rich in diverse forage and pasture species including perennial ryegrass
(Cunningham et al., 1997). In northern Tunisia, evaluation and characterization of ryegrass has
become a high-priority task to ensure pasture sustainability. Currently, overgrazing, irregular rainfall,
and neglected forage exploitation seriously threaten the local germplasm by severe genetic erosion
(Ghariani et al., 2003b). Conservation management of the relatively high number of existing ecotypes
with different synonyms and variable commercial values requires the knowledge of genetic diversity
within and among local populations, when aiming to develop breeding programs and to conserve
these important agronomic resources. Moreover, the genetic relatedness between wild and introduced
cultivars that have limited adaptation, persistence, and drought tolerance to the local environment,
should be submitted to reliable conservation and selection programs (Cunningham et al., 1997).

In order to enhance forage production and improve agronomic performance of
spontaneous autochthonous populations and poor adapted foreign cultivars to Tunisian conditions,
the elaboration of a research program is imperative to contribute to the conservation of these
germplasms and to promote pasture sustainability.

Recent investigations were undertaken reporting either morphological and/or agronomical
traits to identify Tunisian perennial ryegrass accessions (Ghariani et al., 2003a; Ghariani et al.,
2003c). Moreover, molecular markers such as restriction fragment length polymorphism (RFLP),
random amplified polymorphic DNA (RAPD) (Hayward et al., 1994; Hayward et al., 1998), amplified
fragment length polymorphism (AFLP) (Bert et al., 1999), and simple sequence repeat (SSR)
markers (Jones et al., 2001; Jones et al., 2002) were used to examine population genetic structure
and diversity, and cultivar identification. They were also used to correlate molecular findings with
morpho-agronomical traits (Geleta et al., 2006).

Analysis of Tunisian local germplasm was performed using Inter Simple Sequence Repeat
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PCR (ISSR-PCR) (Gupta et al., 1994) and RAPD, detecting the polymorphism level without any
previous knowledge of the crop’s DNA sequence. These technologies were successfully used for
DNA-fingerprinting of a wide range of crop species and to discriminate between closely related
genotypes (Fang and Roose, 1997; Gilbert et al., 1999; Ghariani et al., 2003b; Yao et al., 2008). In
some cases, molecular data were compared and integrated with phenotypic data to evaluate their
utility as a tool for germplasm conservation and plant breeding (Russell et al., 2000; Muthusamy et
al., 2008; Krichen et al., 2010; Linos et al., 2014).

The salient features of this work were (i) a comparative analysis using both RAPD and ISSR
markers, (ii) the evaluation of the genetic relatedness among molecular and morpho-agronomical
markers and (iii) the assessment of genetic diversity between Tunisian spontaneous species and
introduced germplasm ryegrass cultivars.

MATERIAL AND METHODS
Plant material

Eighteen spontaneous populations, one local and two cultivars were sampled for this
study. The spontaneous accessions were collected from the north and northwest of Tunisia and
belonged to four different localities (Chakroun et al., 1995), whereas ‘Ain Melliti’ (a local cultivar)
and ‘Talbot’ (an introduced cultivar from the Netherlands) were also included. More details about
the geographic origin are listed in Table 1. Plant material consisted of young leaves randomly
sampled from adult plants and frozen in liquid nitrogen until their use.

Table 1. Lolium perenne L. studied accessions.

Locality Accessions Abbreviations
Nabeul Menzel Temime Mt
Skalba Sk
Bizerte Sedjenene Sd
Bizerte Bz
Sidi Nsir Sn
Beja Teboursouk Tb
Ain Melliti Am
Amdoun Ad
Nefza Nf
Beja 1 B1
Beja 2 B2
Beja 3 B3
Jendouba Hammem Bourguiba Hb
Tabarka Ta
Ghardimaou Gh
Elfeja Ef
Dar Hamra Dr
Fernana Fr
Beja Ain Melliti (Local cultivar) cA
The Netherlands Talbot (Introduced cultivar) cT
DNA isolation

DNA was extracted from 1 g plant material according to a previously described procedure
(Dellaporta et al., 1983) with minor modifications adapted to mini extraction (Ghariani et al.,
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2003b). The DNA was spectrophotometrically quantified and its integrity was verified by analytic
electrophoresis (Sambrook et al., 1989).

RAPD markers

Eight random decamer primers (Operon Technologies, California, USA) were used for the
polymorphism survey. These primers belong to the following sets of useful items OPA, OPB, OPD
and OPE (Table 2). The amplifications were carried out according to Trifi et al. (2000). Consistent
amplified products were recorded for each primer. Each RAPD marker was assumed to presence
(1) or absence (0) of band in order to form a binary data matrix.

Table 2. RAPD primers used to detect polymorphism in Tunisian perennial ryegrass.

oP Primer Sequence (5'-3") Tm (°C) Amplified DNA bands
Theoretical Optimal Total Polymorphic
Number %

A-14 TCTGTGCTGG 32 35 8 8 100
A-20 GTTGCGATCC 32 35 15 15 100
B-01 GTTTCGCTCC 32 35 13 12 92.3
B-12 CCTTGACGCA 32 35 12 12 100
D-12 CACCGTATCC 32 35 9 9 100
D-17 TTTCCCACGG 32 35 11 10 91.0
E-10 CACCAGGTGA 32 35 12 12 100
E-16 GGTGACTGTG 32 35 10 10 100
Total 90 88 97.8
Average/primer 11.25 11.0 97.8
ISSR markers

Ten oligonucleotides complementary to the repeated motifs (Microsatellites) were used to
successfully screen the ISSR. These primers consist of five 3'-anchored and three unanchored primers
arbitrarily chosen. Primer sequences and characteristics are listed in Table 3. PCR amplifications
were carried out as previously reported (Ghariani et al., 2003b). Amplified products were compiled
into a binary data matrix on the basis of the presence (1) or absence (0) of each band class selected.

Table 3. The used ISSR primers.

Primer sequence Tm (°C) % of GC Amplified DNA bands
Theoretical Optimal Total Polymorphic
Number %

(TC),,G 64 60 52.38 13 13 100
(TC),,C 64 60 52.38 15 15 100
(GA),,A 62 57 47.62 08 08 100
(GA),,C 64 60 52.38 17 16 94.12
(GA),, T 62 57 47.62 14 12 85.71
Total 67 64 95.52
Average/3'-Anchored ISSR primer 13.4 12.8 95.52
(AG),, 60 55 50.00 18 15 83.33
(CT),, 60 55 50.00 12 12 100
(TCC), 50 46 66.66 10 10 100
Total 40 37 92.50
Average/non-anchored ISSR primer 13.33 12.33 92.50
Total 107 101 94.39
Average/primer 13.37 12.62 94.39
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Morpho-agronomical parameters
All accessions were planted in a randomized complete bloc design with three replications.

A total of 17 quantitative and 4 qualitative morpho-agronomical traits were recorded according to
previously reported method (Ghariani et al., 2003a; Ghariani et al., 2003c) (Table 4).

Table 4. Measured morpho-agronomical traits.

Morpho-agronomical traits Label Notes

Quantitative traits

Flag leaf width (cm) LW From the widest point
Flag leaf length (cm) LL To tip of leaf
Spikelet length (cm) sL -
Spike length (cm) SL Use the 10th spikelet
Stem length (cm) TL Total length
Awn length (cm) AL -
Glum length (cm) GL Use the 10th spikelet
Spikelet number sN Every spikelet from bottom
Node number NN -
Floret number FN Use the 10th spikelet
Spike density SD From spike bottom to the 10th spikelet bottom
Number of spikes NS -
10 spikes weight (g) S
Number of spikelets/10 spikes Ns
Seed yield (g) SY
1000 seed weight (g) DW -
Dry matter yield (T/ha) DM At 70°C
Qualitative traits
Re-growth RG (1) 0% of re-growth, (3) 25%, (5) 50%, (7) 75% and (9) 100%
Earliness EA (1) early, (2) moderately early and (3) late
Growth habit GH (1) Erected and (2) Prostrate
Spring vigour sv (1) very strong, (2) strong enough, (3) moderately strong, (4) low and (5) very low

Statistical analyses

For each RAPD or ISSR primer used, the corresponding amplified products were
recorded. Each marker was assumed by the presence (1) and/or absence (0) of the band. Data
were compiled into a binary data matrix and submitted to diverse statistical analyses.

The polymorphism information content (PIC) values for ISSR and RAPD markers was
determined using the web-line server (w3.georgikon.hu/pic/english/default.aspx) (Nagy et al.,
2012) according to the formula PIC = 1 - where fij is the frequency of the i pattern revealed by
the j" primer summed across all patterns revealed by the primer (Smith et al., 2000). Shannon
index, genetic distances, cluster analysis, and the Mantel test were performed on the basis of
the binary matrix data. UPGMA dendrograms were constructed from genetic similarity between
pairwise genotypes according to Jaccard’s coefficient (Jaccard, 1908).

The correspondence between each pair of matrix based on RAPD, ISSR, and morpho-
agronomical data was calculated with the Mantel test. All computations were performed using
NTSYSpc (Version 2.11s) to identify genetic variation patterns among Tunisian perennial ryegrass
(Ronhlf, 2000). A Pearson correlation coefficient was established between the 21 analyzed morpho-
agronomical traits. These phenotypic traits were compiled into a binary matrix data and a total of
80 markers were obtained (Sneath and Sokal, 1973). The correlations between cophenetic matrix
and genetic distances were assessed in order to evaluate the impact of these molecular markers
on the observed morpho-agronomical traits.
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RESULTS
RAPD markers

A total of 90 reproducible patterns was detected, among which 88 (97.8%) were
polymorphic with a mean of 11.0 per primer (Table 2). In fact, results exhibited a maximum of 15
bands when using OPA-20 primer, and a minimum of 8 amplified fragments with OPA-14 primer.

The UPGMA dendrogram showed a monophyletic group corresponding to the local
cultivated form (cA) (Figure 1a). Two sub-groups were also distinguishable. The first clustered the
introduced cultivar (cT) with spontaneous accessions originated mainly from Jendouba locality (Ta,
Fr, Hb, Ef, et Dr). All the remaining accessions are clustered in the second sub-group.

Ta oA
a # b o
Hb Mt
i Fr
Sk Dr
Ef Bz
Dr Sn
B1 Ef
Sn Ta
Bz B3
sd Gh
Mt Hb
Gh Sd
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Figure 1. Dendrograms of 20 perennial ryegrass accessions showing the genetic dissimilarity based on RAPD (a),
ISSR (b), morpho-agronomical traits (c) and combined (d) data sets using Jaccard’s coefficient and UPGMA cluster
analysis. Accession abbreviations as shown in table 1.

ISSR markers

The total number of polymorphic markers and the polymorphism percentage were 101
and 94.4%, respectively. Among the eighteen bands, 8 were unambiguously generated with an
average of 12.62 per primer (Table 3). The number of bands generated by anchored primers (67)
was higher than that by simple ones (40). Di-nucleotidic repeated motifs seem to be more frequent
than mono-nucleotidic microsatellites.

The cluster analysis divided Tunisian perennial ryegrass into two distinct groups (Figure
1b). The first group included cultivated forms (cA and cT) and the Skalba spontaneous accession
(Sk) while the second cluster regrouped the remaining seventeen perennial ryegrass genotypes.
The latter group is divided into two sub-clusters: the spontaneous accessions from Jendouba
locality and the three spontaneous genotypes (Ad, Am, and Tb) originated from Beja locality.
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Morpho-agronomical data

The correlation between morpho-agronomical characters revealed significant coefficients
(Table 5). High and positive correlations were scored between the ten spikes weight (SW) and
seed yield (SY) (+0.846). These characters are agronomically important and contributed for seed
production. Stem length (TL) was highly and positively correlated with spike length (SL) and spikelet
length (sL) (+0.746 and +0.708, respectively). In addition, a high and positive correlation (+0.717)
was observed between plant architecture, node number (NN) and sL. Furthermore, statistical tests
did not reveal any negative correlations. The majority of morpho-agronomical traits are related to
forage performance and plant architectural morphology.

To analyze relationships between the 20 tested genotypes, a UPGMA algorithm dendrogram
was constructed (Figure 1c). A monophyletic cluster regrouped the spontaneous Amdoun (Ad)
accession characterized by the highest measured morpho-agronomical traits values especially the
SL and the SY. The used morpho-agronomical traits clustered the remaining accessions into two
sub-clusters. The Talbot cultivar (cT), Dar Hamra (Dr), and Nefza (Nf) accessions originated from
Jendouba and Beja localities were regrouped in the first one, while, the local cultivar (cA) and several
spontaneous accessions originated from the four studied localities in the second sub-cluster.

Combination of RAPD, ISSR and morpho-agronomical data

Characterization of the 20 studied perennial ryegrass accessions, using different
approaches, revealed a large molecular pattern diversity depending on geographic origins
(Table 6). In fact, rates of polymorphic bands were analogous using ISSR (37.54%) and
RAPD (32.71%). |dentical PIC values were obtained for both ISSR and RAPD markers (0.374
and 0.373 respectively). PIC values corresponding to morpho-agronomical markers were
compared to those obtained completely from molecular data. In addition, it was seen that
each molecular approach used separately was more efficient in detecting polymorphism than
morpho-agronomical characters.

Combined data set based on 88 polymorphic RAPD bands, 101 ISSR polymorphic
patterns, and 80 morpho-agronomical trait variants were exploited to estimate the genetic diversity
structure. Mean genetic distance values calculated from morpho-agronomical traits (0.569), ISSRs
(0.510), RAPDs (0.684), and combined data (0.525) proved that ISSR markers are more efficient
to evaluate the genetic diversity (Table 6).

Range-wise genetic distances showed comparable values using RAPD and ISSR as
markers; however, lower values were obtained using the morpho-agronomical traits. Similar results
were obtained with estimation of Shannon diversity index, as exhibited by 0.573 for ISSR and
0.539 for RAPD data sets, while only 0.364 for morpho-agronomical data.

The null hypothesis of no correlation between different matrices was tested using the Mantel
test with 10000 permutations (Table 7). ISSR markers showed significant correlation with RAPD
approach (r = 0.173; p = 0.016). The estimated value given for morpho-agronomical traits with ISSR
data (r = 0.007; p = 0.922) and RAPD matrix (r = - 0.077; p = 0.283) were not significantly related.

Using all data sets for RAPD, ISSR and morpho-agronomical, an UPGMA dendrogram was
constructed and showed in Figure 1d. Cultivars were separately grouped in the dendrogram. The
cluster gathered spontaneous accessions and distinguished paired subgroups. The first included
essentially Beja locality accessions. The second categorized the Bizerte locality accessions
separately from Jendouba locality and the remaining Beja locality accessions.
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Table 6. Number of polymorphic markers, average and range of pairwise genetic distances, and Shannon index
estimated among Tunisian perennial ryegrass accessions.

Marker system No. of polymorphic markers % of polymorphism PIC values Genetic distance Shannon index
Average Range

Morpho-agronomical 80 29.85 0.3122 0.569 0.531-0.688 0.364

RAPD 88 32.71 0.3731 0.684 0.530-0.744 0.539

ISSR 101 37.54 0.3743 0.510 0.483-0.722 0.573

Combined 269 100 0.3683 0.525 0.337-0.685 0.472

Table 7. Mantel test values estimated for the three marker techniques.

RAPDs ISSRs
ISSRs 0.016 (r=0.173)*
Morpho-agronomical traits 0.283 (r =-0.077) 0.922 (r=0.007)

*: Rejection of the null hypothesis of no correlation within a 5% confidence interval.

DISCUSSION

In order to characterize and promote the use of perennial ryegrass species, the genetic
diversity and structure of Tunisian germplasm were studied. The conservation and utilisation of this
species requires a thorough knowledge of its genetic background. Remarkably, local and introduced
cultivars are heavily under-represented in ryegrass forage germplasm banks in spite of their great
agronomic importance (Chakroun and Zouaghi, 2000). In addition, spontaneous germplasm were
under-exploited in forage production yields (Chakroun et al., 1995). DNA fingerprinting is the routine
method used to explore the degree of genetic diversity in a set of germplasm or cultivars. Recently,
molecular reports described characterization of ryegrass from Tunisian resources (Ghariani et al.,
2003b; Elazreg et al., 2011).

In the current study, we used RAPD, ISSR, and morpho-agronomical fingerprinting data
separately as well as together to improve the content and genetic variability level of Tunisian
perennial ryegrass. The results demonstrated that each separately used molecular approach was
more efficient in detecting polymorphism than morpho-agronomical characters.

The important polymorphism detected by the use of a single tool or the combination of three
tools (as mentioned above) demonstrated a large genetic diversity in Tunisian ryegrass germplasm.

Cluster analysis was carried out on three sets of markers profiling data based on RAPD,
ISSR, morpho-agronomical fingerprinting, and on the combination of all data sets. Similar findings
were reported in previous investigation (Geleta et al., 2006). The genotype branching was
dependent on geographic origin accession.

Clustering based on molecular data analysis distinguished local and introduced cultivars
displaying various genotypes and/or diverse selection program. However, this consideration is in
agreement with the unknown origin of both cultivars suggesting a complex domestication process in
these crops (Ghariani et al., 2003b). Based on morpho-agronomical data, cultivated forms constituted
a unique cluster demonstrating the impact of domestication in local eco-edaphic conditions.

The branching of spontaneous accessions is dependent on geographic localities, for
example, in Jendouba locality, as found by the use of molecular markers, and in Beja locality
by combined analysis. It is important to note that significant and positive correlation values were
obtained for important agronomic characters as sL and SY which are implicated in agronomic
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forage production potentialities. Similar results have been already reported in several works
(Chakroun et al., 1995; Charmet et al., 1997).

It was assumed that Talbot introduced cultivar (cT) shares morpho-agronomical similarities
with Dar Hamra (Dr) and Nefza (Nf) spontaneous accessions, suggesting an adaptation to Tunisian
abiotic and biotic conditions as a result of domestication in Tunisian environment. It may be assumed
that identified spontaneous populations would provide alternative phylogenetic resources suitable for
cultivar selection programs to improve northern Tunisian grasslands. Beja and Jendouba spontaneous
accessions showed large similarities with cultivated forms, suggesting genetic exchanges and gene
flow justified by preferentially allogamous mating system (Elazreg et al., 2011). The combined analysis
helped us to suppose that Beja and Jendouba should be the more suitable accession localities that
could be exploited in perennial ryegrass improvement programs.
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