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Abstract

:

Morphological and simple sequence repeat (SSR) approaches were used to determine the genetic diversity of 29 ryegrass (Lolium rigidum) genotypes belonging to eight populations collected from several regions in Saudi Arabia. In this study, 50 in Silico-developed SSR markers derived from genomic and expressed sequence tag (EST) microsatellites were examined. Analysis of variance showed highly significant differences in all studied traits. Cluster analysis based on the morphological data of the 29 Lolium genotypes and using PAST (paleontological statistics) software was performed. According to the results, clustering was based mostly on genotype location. The sensitive genotypes for herbicide were clustered in one group. In addition, using EST-SSR markers, we observed the existence of a considerable number of genetic variations among Lolium genotypes. From these markers, only 31 produced reasonable amplification products. The results showed that 23 SSR markers revealed that 74.19% were polymorphic. The number of alleles detected per primer ranged from one to five in the primer LTC SSR1. The tested primers amplified 1434 bands across eight populations, with an average of 46.26 bands per primer. The polymorphism information content (PIC) values ranged from 0.11 to 0.76 for the primers LT EST-SSR5 and LTC SSR1. The unweighted pair group method with arithmetic average (UPGMA) clustering of the 29 genotypes representing eight populations was based essentially on their locations and herbicide-tolerance levels. Most of the populations formed into four clusters, together representing genotypes. Moreover, the tolerant populations were distinguished from the sensitive ones. The relationship between the genetic diversity and geographical source of Lolium rigidum populations of Saudi Arabia was revealed through this study. The results showed that the efficiency of developed SSR markers are transferable across species. They have been helpful to assess the genetic diversity of the ryegrass population as this could be applied to differentiate between tolerant and sensitive populations of ryegrass.
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1. Introduction


The genus Lolium includes eight species. Of these, two are cultivated as forage grasses: perennial ryegrass (Lolium perenne) for grazing and turf and Italian ryegrass (L. multiflorum) for making hay and silage. Another species, Lolium rigidum, infests wheat fields [1]. Wild annual ryegrass (Lolium rigidum Lam.) is considered one of the most common weed species affecting wheat yield worldwide. Genetically, L. rigidum is a self-incompatible, variable, cross-pollinating species and is generally considered diploid (2n = 14) [2]. L. rigidum has high degree of genetic variability and is adapted to a wide range of climatic and agricultural conditions. Balfourier et al. and Kloot [3,4] described a high level of genetic variation within the L. rigidum population and also mentioned that pollen-mediated gene flow between populations was 2.2 times greater than the gene flow mediated by seed movement. In Saudi Arabia, L. rigidum is a widespread weed infesting field crops, such as wheat, and farmers use herbicides for controlling annual ryegrass weed populations. The degree of diversity of L. rigidum is not well studied. A phenotypic analysis of the herbarium specimens of Lolium confirmed the separation of the species using several morphological characters. Individual characters did not separate each species, but multiple morphological characters can distinguish between the spp. as their range overlapped between species [5]. Ryegrass (Lolium sp.) is a major weed related to wheat production. Herbicide resistance is an alarming issue in weed plants. Herbicide resistance will lead to a situation where weeds will compete with the crop plants without any resistance to grow, even under herbicide spray. To break the resistance, it would be imperative to assess the genetic variation among the population. The development of molecular marker technologies successfully provides an alternative procedure for assessing genetic diversity and crop improvement. Different types of molecular markers, such as restriction fragment length polymorphism (RFLP), randomly amplified polymorphic DNA (RAPD) [6,7], amplified fragment length polymorphism (AFLP) [8], and simple sequence repeat (SSR) markers have been developed in many plant species, such as rice [9], maize [10], wheat [11], barley [12], sorghum [13], perennial ryegrass [14], tall fescue [15], and timothy [16]. SSRs have been used in many studies as those relating to genetic diversity [17]. In general, SSR markers are widely used in plant molecular genetics due to their abundance in the genome, codominant nature, and high repeatability. SSR markers have been successfully used to assess genetic variation in ryegrass [14,18,19]. Understanding the genetic variation of ryegrass would help develop effective management strategies for herbicide-resistant ryegrass. There are limited number of SSR markers available for ryegrasses (Lolium rigidum). Several methods are used to develop SSR markers; computational approaches that search for the SSR-containing sequences in public databases have been widely applied [20]. Moreover, these studies could also investigate the transferability in cross-species applications such as Lolium perenne and Lolium multiflorum and the exploitation of a comprehensive expressed sequence tag (EST) collection in L. rigidum for SSR identification in L. rigidum. The study was carried out to analyze the genetic diversity among Saudi Arabian ryegrass genotypes based on developed EST-SSR markers and to access the performance of Lolium populations collected from different locations in Saudi Arabia.




2. Materials and Methods


Seeds for 8 ryegrass (Lolium rigidum) populations were collected; 7 were from different regions in Saudi Arabia (Wadi Aldawaseir, Tabuk, Qassim, Hail, Aljouf, Harad and Aldawadmi (Figure 1) [21]) and 1 genotype was from the Syngenta Company, England. In addition to the herbicide-sensitive variety from Syngenta, 4 samples were obtained from 4 heavily infested fields in each of the 7 Saudi Arabian regions, making 29 samples (Table 1). The soil texture of experimental sites was loam-sandy soil. The total organic matter of the soil was 0.5% and EC 1.1 ds/m2.



2.1. Field Performance


The experiment was conducted using a RCBD design with 3 replications at Dirab Research and Experimental Station, Food and Agriculture Sciences College, King Saud University. Each plot consisted of 6 rows (25 cm spacing) with lengths of 3 meters. Ryegrass seeds were planted in October 2014, with a seed rate of 200 seeds/ m2. Phosphorus and potassium were added during seedbed preparation at the rate of 200 kg/ha, in the form of calcium superphosphate (15.5% P2O5) and potassium sulfate (48% K2O), respectively. Nitrogen fertilizer was added at the rate of 200 kg/ha in the form of ammonium sulfate (20.6% N) in 4 equal doses (during seedbed preparation, 15, 30, and 45 days after sowing). Other standard cultural practices applied to wheat (as a host crop) were adapted. After complete heading, a one meter-squared sample was taken at random from the middle rows of each plot, to determine plant height (cm), number of tillers/m2, spike length (cm), and fresh and dry weights (g) /m2.



Data were subjected to statistical analysis of variance using SAS and means of treatments were compared by LSD at a p = 0.05% level of significance, according to Gomez and Gomez [22]. Field data was analyzed using PAST3 program, and Weighted Pair Group Method with Arithmetic Average (UPGMA) [23].




2.2. Molecular Analysis


Ten plants were chosen randomly; 1 leaf was collected per plant and bulked as 1 sample and was immediately immersed in liquid N2 upon collection and stored at −80°C until DNA isolation. Genomic DNA was extracted using a Wizard® Genomic DNA Purification Kit (Promega, Madison, WI, USA) according to the manufacturer’s protocol. The genomic DNA was quantified using a Nanodrop2000 spectrophotometer (Fisher Scientific, Wilmington, DE, USA), and its integrity checked by agarose gel electrophoresis (0.8%).



Initially, 50 SSR primers were screened for their successful amplification and reproducibility. These SSR primers consisted of the 30 previously reported SSRs and 20 newly developed SSRs based on the EST sequences retrieved from GenBank (Table 2). The list and sequences of the selected SSR primers based on their successful amplification are presented in Table 2. The SSRs screening and primer designing were carried out using BatchPrimer3v1.0 software [24]. The default criteria were set on the minimum number of repeats, which were as follows: 5 repeating units for mononucleotides and 3 repeating units for dinucleotides, tri-, tetra-, penta- and hexa- nucleotides. Primer pairs were designed on the flanking regions of potential SSRs.



Then, 31 SSRs markers were validated on 29 genotypes of the Lolium rigidum population. The PCR reaction was performed in a 20 μl volume consisting of 50 ng of genomic DNA, 0.5 μM of each primer, and 10 μl of 2X GoTaq Green Master Mix (Promega, Madison, WI, USA). The PCR amplification was performed using the following reaction program: initial denaturation at 94°C for 4 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at X°C for 30 s, and extension at 72°C for 30–120 s, followed by a final extension step at 72°C for 15 min. X refers to the respective annealing temperature used for each primer pair (Table 2).



The DNA amplification products were analyzed by electrophoresis on 2.5% agarose gels in 1X Tris borate EDTA (TBE) buffer. The gels were stained with ethidium bromide (1 mg/ml) for 20 min and distained in deionized water for 15 min. The DNA was visualized using a UV Tran illuminator.



The data observed from the SSR analysis were analyzed using the Jaccard similarity coefficient [25]. The resulting similarity coefficients were used to construct a dendrogram using the Unweighted Pair Group Method with Arithmetic Average (UPGMA), employing the PAST3 program [23]. The polymorphic information content (PIC) for each primer was calculated to estimate its allelic variation as follows:


   PIC = 1  −   ∑  j = 1  n   P i  j 2     



(1)




where Pij is the frequency of the ith allele for marker j, with the summation extending over n alleles, calculated for each marker [26].



The data from the 31 polymorphic SSR markers were subjected to detect the number of subpopulations explaining population structure. Population-structure analysis was performed based on the admixture model-based clustering method in the software package STRUCTURE 2.3.4 [27]. The STRUCTURE harvester software was used to find the correct number (K) of subpopulations. K was tested from 1 to 10 with 3 iterations for each group [28].





3. Results


3.1. Performance of Lolium Populations


Mean square estimates for morphological studied traits across the 29 Lolium genotypes are presented in Table 3. Analysis of variance showed highly significant differences in all studied traits. The resistance indicates the existence of a significant amount of genetic diversity among the tested genotypes. This indicates the ability of Lolium to evolve rapidly in the ecosystem, for better plant adoption to surrounding environments. This rapid change and adaptation gives Lolium an advantage when competing with wheat plants. Mean performance data confirmed the existence of genetic diversity. The results shown in Table 4 illustrate the variations in plant height. The trait range was 59.33 to 86.0 cm for Gouf4 and Harad4, respectively. Samples from Harad, Qassim, and Wadi El-Dawaser were generally taller than other populations. In terms of days to heading, the ALS-susceptible Syngenta genotype flowered late compared to other populations (>100 days), while Wadi El-Dawaser samples were early in flowering (64.67–70.67 days, with an average of 65.25). Long panicles were recorded for Qasseim1 and Dawadmi3 (28.27 and 27.0 cm, respectively). In contrast, Haiel3 had the shortest panicles (19.1 cm), followed by Tabouk3 and Haiel4 (19.2 and 19.7 cm, respectively). As population average, four populations (Dawadmi, Harad, Qasseim, and Syngenta genotypes) had the longest panicles and differed significantly from the remaining four populations.



The number of tillers per m2 varied across the 29 tested Lolium genotypes. Harad4 had the highest number of tillers (1510.33) while Haiel1 had the lowest (1103.67 tillers/m2). As an average of the four samples per location, the Harad population had the highest mean value (1338.25) for the number of tillers trait, while the Dawadmi population had the lowest mean value (1166.33) for the same trait. Fresh weight was a direct indicator for plant vigor, and growth rate showed also significant differences. The highest fresh weight (1735 and 1723.67 g/m2) was showed in Tabook1 and Wadi El-Dawaser1 as well as dry weight (377.03 and 374.6 g/m2) as present in Table 4.



Cluster analysis performed using PAST software and based on the morphological data of the 29 Lolium studied genotypes is presented in Figure 2. The results show clearly that the clustering was largely based on genotype location. In most of the studied locations, the respective genotypes tended to cluster together or nearby each other. This again confirms the weed’s ability to adapt with each growing environment and make genetic changes that may improve its competition with wheat plants.




3.2. Molecular Analysis of Lolium Populations


The summary of SSR primers results is presented in Table 5. The tested SSR primers successfully amplified 1434 bands across 29 Lolium genotypes, with an average of 46.26 bands per SSR primer. Eight SSR primers showed monomorphic patterns (Table 5) with a single allele per primer. In contrast, the maximum numbers of alleles were detected in the primer LT C SSR1, with five detected alleles, followed by the primers LP SSR9, LP EST SSR14, LT EST-SSR6, and TF EST SSR1, each with four alleles. The SSR primers detected a total of 75 alleles, of which 67 were polymorphic, with an average of 2.42 alleles/primer. The PIC values ranged from 0.11 for the primer LT EST-SSR5 to 0.76 for the primer LT C SSR1. The wide range of PIC values reflects the differences in primer efficiency in detecting molecular diversity. One representative profile (primer pair LT EST-SSR4) was shown (Figure 3). Based on the SSR banding patterns, similarity coefficients were calculated (Table S1). The closest pair of genotypes was Tabouk3 and Dwadmi2, with an 87% similarity coefficient. On the other hand, the most diverse pair of genotypes was Aljouf 4 and Wadi Aldawaser4, with only 35% similarity. Based on similarity coefficients and using the UPGMA method, a dendrogram explaining the genetic relationship among the 29 tested genotypes was constructed (Figure 4).



The SSR markers successfully identified the Syngenta (sensitive herbicide international check) and Harad genotypes (sensitive herbicide) in one subcluster, with similarity ranging from 61 to 74%. They were distinct from other tolerant Lolium populations that were grouped in one cluster. The Aljouf population showed abnormal clustering, whereas the Gouf3 and Gouf4 genotypes clustered together in one group and the Aljouf 1 and Aljouf 2 genotypes were scattered inside the main group that included the remaining 27 genotypes. The main group was further divided into four subclusters, and at 87% similarity, all genotypes were identified and separated into individual populations.



The analysis of the populations structure of the 29 Lolium genotypes was inferred using STRUCTURE 2.3.4, and the peak of delta K was observed at K = 2, suggesting the presence of two main populations (Figure 5A). The 29 genotypes were distributed to the two main clusters with few admixtures. The first cluster of 18 genotypes (62%) of total 29 genotypes was grouped into cluster one, the second cluster were 11 genotypes (37.9%), and the both two clusters were with few admixture (Figure 5B).





4. Discussion


The current study aimed to identify the genetic variability among 29 Lolium genotypes using morphological and molecular marker performance and microsatellite markers designed from the transcribed regions (i.e., EST-SSRs), as well as some previously reported genomic SSRs. The ryegrass genotypes used in this study were collected from infested wheat fields in seven regions of Saudi Arabia. As would be expected, they were all found to be morphologically distinct when overall morphological performance was examined. The significance of phenological parameters across tested genotypes was evidenced, indicating the ability of ryegrass weed to rapidly evolve and differentiate across regions as a result of the surrounding environment. This was clear based on the amount of genetic diversity detected. This emphasizes the urgent need to build a location-specific management strategy when dealing with ryegrass in wheat fields. Hence, to control seed yield, it is easier to control yield-related parameters. Ozkose and Tamkoc and Acar et al. [29,30] reported that spike length was an important feature that determines generative organ development and seed yield. Dawadmi samples had the lowest mean value for seed yield. Fresh weight was direct indicator for plant vigor, and growth rate showed also significant differences among tested genotypes. Morphological characters are affected mainly by genetic background as well as other factors such as climate, season, soil moisture, form tools, cutting height, format, frequency, and nitrogen fertilization [29,31]. Although morphological characterization is considered an effective discriminating tool for ryegrass varieties [30], this approach is inefficient on account of the time, cost, and accuracy level due to environmental influences. The results clearly showed the clustering was largely based on location and/or genotype background. Genotypes of ryegrass belonging to a specific region tended to cluster together or nearby (Figure 1). This again confirms the weed’s ability to adapt to each growing environment and make genetic changes that may improve its competition with wheat plants. Genotypes, agricultural practices, and the environment influence seed yield through the characteristics related to seed yield, such as panicle length [30].



The simple sequence repeat (SSR) markers are the markers of choice in plant genetic studies due to their genomic abundance, codominant nature, and reproducibility. However, they are not always available for the species to be studied and their isolation could be time-consuming and expensive. The SSRs used in this study were designed based on the transcribed region of the L. rigidum, in a dataset consisting of 50 ESTs retrieved from a gene bank. As EST-SSRs are based on the transcribed genes involved in specific biochemical or physiological pathways, they might provide very close associations with functional genetic loci across the genome, allowing the development of functional markers, which are particularly useful for various breeding applications [32]. A total of 31 primers showed reproducible banding patterns when tested on eight selected samples (one sample/population) and were further used for molecular analysis. These included 12 out of the 15 previously reported primers [33,34] and 19 newly developed SSR markers designed from the EST databases. Analyses of genetic variation using microsatellite markers indicated high genetic diversity among individuals within populations regardless of resistance frequency, as would be expected for a wide-ranging outcrossing weed species [35,36]. Clustering was also based on genotype geographical region. Every four samples representing a particular location tended to cluster together or show low genetic distances among them. The other important revelation was the clear separation of the Syngenta (susceptible check) and Harad populations on one side of the dendrogram. When the overall molecular data were analyzed, the Syngenta (susceptible check) was clustered in one group with Harad populations. These two populations were known to be the Syngenta [21,37]. The existence of numerous subgroups at higher similarity levels also indicates considerable amounts of genetic variation. Hence, this clearly shows the power of SSR markers in detecting Lolium genetic diversity at the molecular level. The results obtained here also report the successful development of in silico–designed SSR markers and their usefulness in diversity assessment studies due to their possible linkage with functional genes. Genetic diversity among individuals or within populations reflects the presence of different alleles in the gene pool. From an individualistic and population point of view, genetic diversity has great importance All phenotypic variation is dependent on the genetic variability of individuals, which also helps them to adapt and evolve in different environmental conditions. Previous studies have revealed the capacity of molecular markers to be highly discriminating between varieties in a range of species, including tomato [38], oilseed rape [39,40], maize [41] and evergreen azaleas [42]. STRUCTURE analysis revealed the potential for genetic variation within populations, and the range spread of resistance alleles through gene flow, where the Harad population (Harad1, Harad2, Harad3, and Harad4) revealed sensitivity for herbicide, were with the herbicide-sensitive variety (Syngenta sample) in one cluster. Admixed individuals with genotypes that were partially assigned to each cluster were identified (Figure 5). These results (of admixed individuals in some populations) indicates that gene flow is common. However, the majority of individuals assign highly to a single cluster. Roberto et al. [43] mentioned that localized gene flow between populations in relation to geographical regions may be pollen movement over distances of 3 km in L. perenne and L. rigidum. Short- and long-distance gene flow may also occur by seed movement on agricultural machinery and vehicles, or by wind or animals over short distances.




5. Conclusions


In this study, a considerable and significant number of genetic variations were detected among 29 studied genotypes. These results explain the significant phenological differences observed in Lolium populations. This would be helpful for applying suitable management schemes to the weeds in wheat fields. The results showed the ability of tested SSRs to differentiate sensitive and tolerant populations at a molecular level. The EST-SSRs proved to be suitable for conducting diversity studies among Lolium species. The development of EST-SSR markers could be a valuable tool for numerous genetic and genomic applications at intra- and inter-specific levels in Lolium spp.
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Figure 1. The different sites from which the Ryegrass genotypes were collected. 
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Figure 2. Cluster analysis based on morphological Lolium studied traits using PAST software. 






Figure 2. Cluster analysis based on morphological Lolium studied traits using PAST software.



[image: Agriculture 12 00290 g002]







[image: Agriculture 12 00290 g003 550] 





Figure 3. SSR amplification profiles of primer pair LT EST-SSR4 Lane M: DNA molecular standards with length (bp) on left and right. 
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Figure 4. Dendrogram explaining the genetic relationships among Lolium genotypes based on the data of 31 (SSR) markers. 
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Figure 5. Genetic structure based on Bayesian clustering of eight populations (29 genotypes); Genetic structure based on Bayesian clustering of eight populations (29 genotypes); (A): K-value, the number of clusters (K) was plotted against ΔK, which showed a sharp peak at K = 2. (B): genetic clustering estimated (K = 2) which indicated that the populations can be grouped into two subgroups using STRUCTURE 2.3.4 software. 
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Table 1. List of Lolium genotypes estimated by different herbicides rate [21].






Table 1. List of Lolium genotypes estimated by different herbicides rate [21].





	No
	Genotypes
	Resistance index (Resistance Risk)





	1
	Syngenta
	Susceptible



	2
	Harad1
	Susceptible



	3
	Harad2
	Susceptible



	4
	Harad3
	Susceptible



	5
	Harad4
	Susceptible



	6
	Quaseim1
	Resistance



	7
	Quaseim2
	Resistance



	8
	Quaseim3
	Resistance



	9
	Quaseim4
	Resistance



	10
	Haiel1
	Moderate resistance



	11
	Haiel2
	Moderate resistance



	12
	Haiel3
	Moderate resistance



	13
	Haiel4
	Moderate resistance



	14
	Gouf1
	Moderate resistance



	15
	Gouf2
	Moderate resistance



	16
	Gouf3
	Moderate resistance



	17
	Gouf4
	Moderate resistance



	18
	W. Dawaser1
	Low resistance



	19
	W. Dawaser2
	Low resistance



	20
	W. Dawaser3
	Low resistance



	21
	W. Dawaser4
	Low resistance



	22
	Tabouk1
	High resistance



	23
	Tabouk2
	High resistance



	24
	Tabouk3
	High resistance



	25
	Tabouk4
	High resistance



	26
	Dwadmi1
	Moderate resistance



	27
	Dwadmi2
	Moderate resistance



	28
	Dwadmi3
	Moderate resistance



	29
	Dwadmi4
	Moderate resistance
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Table 2. List of SSR primers used and their basic features.
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	No.
	Primer Name
	Forward Sequence (5′→3′)
	Reverse Sequence (5′→3′)
	Motif l
	Reference
	EST Putative Function





	1
	LT EST-SSR2
	CTTCATCTTC GGTAGCATCG
	CAAAACTTCGGTGGAGCAAT
	(TAAA)3
	gi|13661745|gb|AF321856.1|
	Lolium rigidum clone FHH-t putative cytochrome P450 mRNA, complete cds



	2
	LT EST-SSR4
	TCGTGTTCGGTAGCATCGTA
	GCTACAGGAAAACTAGTGCCAAA
	(TAAA)4
	gi|13661743|gb|AF321855.1|
	Lolium rigidum clone FHH-v putative cytochrome P450 mRNA, complete cds



	3
	LT EST-SSR5
	TCTAGACAAATCCGCGTCAA
	GAAGCACAGTTTTGGCAAGG
	(ATA)4
	gi|28172922|gb|AF343456.1|
	Lolium rigidum clone cyt2 cytosolic acetyl-CoA carboxylase (Acc-2) gene, partial cds



	4
	LT EST-SSR6
	AAAGAAATGCGAGAGCTGGA
	AGGTCATTGTGGGTAGTGTGC
	(GCA)4
	gi|257721363|emb|HB811281.1
	Sequence 160495 from Patent EP2090662 Genomic DNA



	5
	LT EST-SSR7
	TTACAACCGCTGATGAAGCA
	GCCAGGAACTTCACCCTGTA
	(GGT)4|
	gi|20975573|emb|AJ310767.1
	gi|20975573|emb|AJ310767.1| mRNA



	6
	LT EST- SSR8
	GATATGGCTCGGACGAATAA
	TCGAATGAAAATGCCAATAA
	(at)5
	gi|148340742|gb|EF379036.1|
	Lolium rigidum trnT-trnL intergenic spacer, partial sequence; chloroplast



	7
	LT EST- SSR9
	AAGGGAATTGGATTTCAGAT
	TCGAATGAAAATGCCAATAA
	(at)5
	gi|148340740|gb|EF379034.1|
	Lolium rigidum trnT-trnL intergenic spacer, partial sequence; chloroplast



	8
	LT EST- SSR10
	GGCTCGGACGAATAATCTAA
	CGATAAGGATCGAAGGAAAA
	(at)5
	gi|148340741|gb|EF379035.1|
	Lolium rigidum trnT-trnL intergenic spacer, partial sequence; chloroplast



	9
	LT EST-C SSR1
	AGGAGACCATGAGGCTACAC
	GCTAGTGCAAAGCCATCAC
	(GGA) 3, (TCA)3 (AG)3
	gi|13661761|gb|AF321864.1|
	Lolium rigidum clone Lol-5-v putative cytochrome P450 mRNA, complete cds



	10
	LT EST-C SSR5
	CAGGGAACAATCATCCAGAC
	CCCAAACGGCAGATACAT
	(TGC)3
	gi|13661755|gb|AF321861.1|
	Lolium rigidum clone Lol-31-b putative cytochrome P450 mRNA, complete cds



	11
	LT EST-C SSR6
	CTACCTGCAGTGCATCGTC
	TGCCAAAACTTCGGTAGAGT
	(TAAA)4 (GCT)3, (CG)4
	gi|13661747|gb|AF321857.1|
	Lolium rigidum clone FHH-y putative cytochrome P450 mRNA, complete cds



	12
	LT EST-C SSR8
	CACGGACACGATCTACAAGA
	GGTGTCCTCGATTGATTCAC
	(TGC)3, (GAG)3
	gi|148596801|dbj|AB097496.1|
	Lolium rigidum CYP71R4 mRNA for cytochrome P450, complete cds



	13
	LT EST- C SSR9
	AGGCTTTTGGTTTACACGAC
	CCCCAAAGGACGTACTAAAG
	(TTA)3, (CAA)3, (AT)3
	gi|110915824|gb|DQ786854.1|
	Lolium rigidum NADH dehydrogenase subunit F (ndhF) gene, partial cds; chloroplast



	14
	LT EST- C SSR10
	AGTTGAACCTTGAACGTTATGT
	TCGTTTCTGGAGAAGCAACT
	(ATA)4 (ATT)3, (AC)3, (AT) 3
	gi|28172922|gb|AF343456.1|
	Lolium rigidum clone cyt2 cytosolic acetyl-CoA carboxylase (Acc-2) gene, partial cds



	15
	LP EST SSR1
	GTAGTCCAGCGGAGGTCAAT
	TACCTGGGCAAATCTTG
	(AG(23)
	LpSSR006
	Lolium perenne clone LpSSR006 SSR marker sequence



	16
	LP EST SSR3
	GGGGAAATACAGTTCTGC
	GATGCTCCTGCCTACTTTA
	(AG)16, (GA)5, (ATGA)3
	LpSSR020
	Lolium perenne clone LpSSR020 SSR marker sequence



	17
	LP EST SSR4
	ATGCACGGGTTTTATTCATT
	CGCGAGGCTTAAGGTGT
	(TG)20, (GA)23
	LpSSR023
	Lolium perenne clone LpSSR023 SSR marker sequence



	18
	LP EST SSR8
	CTAAACTAAATGTTCATCGT
	CCTGCTTACTCCTGTT
	(AC)26
	LpSSR082
	Lolium perenne clone LpSSR082 SSR marker sequence



	19
	LP EST SSR9
	GACCCCGAGACAGCCTA
	ACGCATATGGTCTTCAGAA
	(TG)9, (GT)10
	LpSSR112
	Lolium perenne clone LpSSR112 SSR marker sequence



	20
	LP EST SSR10
	CCGTTGCTTGATACTTGGAC
	GAACGAGCATTCTTCCTTTCT
	(CTA)7
	DLF008
	library Lolium perenne cDNA clone DLF008, mRNA sequence



	21
	LP EST SSR7
	CCCATACTTCGAGGCATAAA
	AAATTCCCCCATCAGAGAAC
	(AC)29
	LpSSR076
	Lolium perenne clone LpSSR076 SSR marker sequence



	22
	LP EST SSR12
	GTGCAGCAGTTTGAATTGGA
	AGCATCGGGAGCTATGAATG
	(GA)14
	B1A2 (AJ872206.1)
	Festuca glaucescens x Lolium multiflorum microsatellite DNA, clone B1-A2



	23
	LP EST SSR13
	AGGTGTCCTGTTGCTTTGGA
	TTTACCCCCAGGGATCAAAT
	(TG)7
	B1B3 ( AJ872214.1)
	Festuca glaucescens x Lolium multiflorum microsatellite DNA, clone B1-B3



	24
	LP EST SSR14
	CCAACTAGACAAAGGGGATTG
	GGAGAGCACCATTCATCCAT
	(TGA)8
	B2G6a (AJ872228.1)
	Festuca glaucescens x Lolium multiflorum microsatellite DNA, clone B2-G6



	25
	TF EST SSR1
	GCACGAGGCTCTTTCCTCTA
	GGTGCTTGGCCTTCTTCC
	
	NFA020
	No Hits, PCR amplified Saha, 2004



	26
	TF EST SSR3
	TCTGCAAGGTCACTGGATCA
	GGAGCAAGAAGGACGGAGAC
	
	NFA098
	No Hits, PCR amplified Saha, 2004



	27
	LP SSR4
	CAAGTGCCACCATAGATACAA
	CGTGAAGATCACTATAAACACGA
	(AG)8
	LPSSRH01D09
	Kindiger, 2006



	28
	LP SSR6
	TCTGTGGGTCCTTCTGGAT
	TCGGGTGATGATGTTGACTT
	(TCGC)6
	LPSSRH01F02
	Kindiger, 2006



	29
	LP SSR7
	ATTGACTGGCTTCCGTGTT
	CGCGATTGCAGATTCTTG
	(CA)9
	LPSSRH01H06
	Kindiger, 2006



	30
	LP SSR8
	TGGAATAACGATGAAAAG
	CATCACGAATTAACAAGAG
	
	LPSSRH02D11
	Kindiger, 2006



	31
	LP SSR9
	GGACGAACTGCCGAGACA
	CGGGCATGGTGAGAAGGA
	
	LPSSRK01A03
	Kindiger, 2006
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Table 3. Analysis of variance for the studied morphological traits.
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	Sov
	df
	Plant Height
	Days to Heading
	Panicle Length
	No. of Tillers
	Fresh Weight
	Dry Weight





	Replecation
	2
	4.135
	3.167
	1.839
	26,329.6
	14,163.0
	558.977



	genotypes
	28
	235.059**
	367.271**
	18.290**
	30,039.1**
	74,686.42**
	3120.700**



	Error
	56
	6.604
	7.208
	2.042
	11,978.66
	20,538.24
	707.568







Sov.: Source of variation, ** significant at 0.01.













[image: Table] 





Table 4. Means of the traits’ performances for the tested Lolium populations.
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	Population
	Plant Height
	Days to Heading
	Panicle Length
	No. of Tillers
	Fresh Weight
	Dry Weight





	Syngenta
	66.00
	103.17
	25.15
	1240.67
	1256.50
	278.35



	Harad1
	82.33
	77.67
	27.10
	1211.33
	1320.33
	283.80



	Harad2
	79.67
	77.33
	25.33
	1285.33
	1407.67
	305.23



	Harad3
	83.67
	77.00
	23.10
	1346.00
	1499.67
	324.87



	Harad4
	86.00
	74.67
	26.27
	1510.33
	1616.00
	352.53



	Quaseim1
	79.67
	77.00
	28.27
	1173.00
	1355.33
	294.90



	Quaseim2
	76.00
	76.33
	23.77
	1158.67
	1216.67
	272.63



	Quaseim3
	79.67
	78.33
	23.27
	1196.00
	1367.00
	303.60



	Quaseim4
	84.67
	77.33
	25.27
	1088.00
	1218.00
	279.33



	Haiel1
	66.33
	82.67
	20.70
	1103.67
	1291.33
	288.30



	Haiel2
	67.67
	82.00
	20.97
	1200.33
	1488.67
	312.50



	Haiel3
	64.67
	83.33
	19.10
	1268.67
	1634.00
	363.10



	Haiel4
	64.33
	81.00
	19.70
	1378.00
	1497.00
	329.40



	Gouf1
	65.67
	82.67
	23.83
	1135.33
	1384.33
	300.97



	Gouf2
	62.00
	81.33
	22.70
	1154.33
	1549.67
	329.87



	Gouf3
	62.33
	83.00
	23.23
	1377.67
	1671.33
	362.23



	Gouf4
	59.33
	82.67
	21.23
	1294.33
	1337.67
	285.53



	WDawaser1
	81.67
	65.33
	24.27
	1313.00
	1723.67
	374.60



	WDawaser2
	82.67
	64.67
	21.87
	1175.33
	1327.00
	301.67



	WDawaser3
	77.67
	70.67
	20.87
	1164.00
	1319.33
	299.90



	WDawaser4
	84.33
	64.33
	21.47
	1286.00
	1524.67
	330.60



	Tabouk1
	61.67
	92.67
	19.93
	1140.33
	1735.00
	377.03



	Tabouk2
	63.33
	93.00
	22.17
	1138.67
	1411.00
	300.17



	Tabouk3
	61.00
	93.00
	19.20
	1353.67
	1385.33
	309.23



	Tabouk4
	63.67
	94.67
	20.87
	1282.00
	1661.67
	365.80



	Dwadmi1
	65.00
	74.00
	25.43
	1150.00
	1275.00
	277.70



	Dwadmi2
	66.67
	76.33
	24.37
	1209.67
	1483.00
	324.93



	Dwadmi3
	78.00
	73.33
	27.00
	1166.00
	1286.67
	292.40



	Dwadmi4
	66.00
	73.33
	25.13
	1139.67
	1406.67
	308.60



	LSD (0.05)
	4.20
	4.38
	2.33
	178.73
	234.00
	43.44
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Table 5. Summary of 31 SSR primers results across 29 Lolium genotypes studied.
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No.

	
Primer ID

	
Total Number of Bands

	
Number of Alleles

	
Polymorphic Alleles

	
% Polymorphism

	
PIC Value






	
1

	
LT EST-SSR2

	
49

	
2

	
2

	
100

	
0.50




	
2

	
LT EST-SSR4

	
53

	
3

	
3

	
100

	
0.61




	
3

	
LT EST-SSR5

	
34

	
2

	
2

	
100

	
0.11




	
4

	
LT EST-SSR6

	
57

	
4

	
4

	
100

	
0.61




	
5

	
LT EST-SSR7

	
32

	
1

	
0

	
0

	
0




	
6

	
LT EST- SSR8

	
32

	
1

	
0

	
0

	
0




	
7

	
LT EST- SSR9

	
32

	
1

	
0

	
0

	
0




	
8

	
LT EST- SSR10

	
32

	
1

	
0

	
0

	
0




	
9

	
LT C SSR1

	
107

	
5

	
5

	
100

	
0.76




	
10

	
LT C SSR5

	
64

	
3

	
3

	
100

	
0.60




	
11

	
LT C SSR6

	
61

	
3

	
3

	
100

	
0.50




	
12

	
LT C SSR8

	
39

	
2

	
2

	
100

	
0.30




	
13

	
LT C SSR9

	
32

	
1

	
0

	
0

	
0




	
14

	
LT C SSR10

	
32

	
1

	
0

	
0

	
0




	
15

	
LP EST SSR1

	
59

	
2

	
2

	
100

	
0.50




	
16

	
LP EST SSR3

	
34

	
2

	
2

	
100

	
0.46




	
17

	
LP EST SSR4

	
35

	
2

	
2

	
100

	
0.38




	
18

	
LP EST SSR8

	
38

	
3

	
3

	
100

	
0.48




	
19

	
LP EST SSR9

	
57

	
2

	
2

	
100

	
0.50




	
20

	
LP EST SSR10

	
59

	
3

	
3

	
100

	
0.56




	
21

	
LP EST SSR7

	
46

	
3

	
3

	
100

	
0.65




	
22

	
LP EST SSR12

	
42

	
3

	
3

	
100

	
0.65




	
23

	
LP EST SSR13

	
32

	
3

	
3

	
100

	
0.65




	
24

	
LP EST SSR14

	
44

	
4

	
4

	
100

	
0.70




	
25

	
TF EST SSR1

	
53

	
4

	
4

	
100

	
0.69




	
26

	
TF EST SSR3

	
40

	
3

	
3

	
100

	
0.64




	
27

	
LP SSR4

	
32

	
1

	
0

	
0

	
0




	
28

	
LP SSR6

	
32

	
1

	
0

	
0

	
0




	
29

	
LP SSR7

	
47

	
3

	
3

	
100

	
0.52




	
30

	
LP SSR8

	
32

	
2

	
2

	
100

	
0.50




	
31

	
LP SSR9

	
96

	
4

	
4

	
100

	
0.72




	
Total

	
1434

	
75

	
67

	

	




	
Average

	
46.26

	
2.42

	
2.16

	
74.19

	
0.41
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