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because of increased species divergence arising from mutations and other genetic events 

during speciation. For instance, low transferability and polymorphism was reported when 

EST-derived markers were applied to identify Lophopyrum elongatum specific loci in 

wheat background (Mullan , 2005). Thus, to effectively harness useful genes from 

these wild genetic resources, their genomic information base should be continually 

enriched to at least include data on outstanding species that can serve as representatives 

for their evolutionary close relatives. Efforts to achieve this have generated enormous 
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molecular cytogenetic data, EST-SSR markers, EST linkage maps and other useful 

information (Bushman , 2008; Larson , 2012; Pang , 2014; Rey and Prieto, 

2017; Wang , 2017; Yang , 2017). However, before this study, genome-wide 

molecular markers of Leymus species were lacking. This made it difficult to take the 

advantage of marker-assisted selection to speed up the development of wheat Leymus 

CILs. 
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high 

potent  

(Chen , 2005; McGuire, 1981; Qi , 2008; Xiao , 2012; Yang , 2015).



 

8 
 

 

  



 

9 
 

 

 

  



 

10 
 

 

  



 

11 
 

 

 

3.1 Plant materials 

Twenty-two wheat-L. racemosus CILs (Table 1), two cultivars of bread wheat, seven 

Triticum species other than bread wheat, 23 Aegilops species, eight distant relatives of 

wheat (Table 2) and 13 uncharacterized backcross populations of wheat-L. mollis 

chromosome introgression lines (Table 3) were studied. The wheat-L. racemosus 

chromosome addition lines (CALs) and wheat-L. mollis backcross populations were 

obtained from the gene bank of Tottori Alien Chromosome Bank of Wheat (TACBOW), 

a subsidiary of the National BioResource Project (NBRP)-KOMUGI, Japan 

, while the translocation and recombination lines 

were provided by Dr. M. Kishii of the International Maize and Wheat Improvement 

Center (CIMMYT), Mexico. The Triticeae species were obtained from NBRP-KOMUGI 

gene bank through Prof. H. Tsujimoto of Arid Land Research Center (ALRC), Tottori 

University, Japan and Dr. S. Nasuda of the 

. DNA samples of all the Aegilops and Triticum 

species, except T. aestivum, were provided by Dr. S. Nasuda  Apart from the Leymus and 

Elymus species maintained as perennial plants in ALRC, 
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Leymus racemosus genome scaffolds polymorphisms against wheat reference genome 

(v1.1) (IWGSC, 2014) were evaluated by BLASTN, and primers sensitive to relatively 

large (>3-nt) gaps and mismatches were designed by Primer3 
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4.9 Comparison of the proportions of polymorphic markers from L. 

racemosus genomic sequence and RNA-seq 

In a bid to compare the performance of markers developed from DNA and RNA-seq, the 

proportions of polymorphic markers from the two sources were compared. As expected, 

markers from genomic sequence were more polymorphic than those from RNA-seq, 

indicating that the polymorphisms between hexaploid wheat and the other species studied 

may be more traceable to the variations in the repetitive sequences of the genomes (Table 

9). However, the appreciable polymorphisms recorded from the RNA-seq markers, which 

account for variations in the genic regions, make the two approaches equally informative. 
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Ae. mutica 12238 837 (6.84)
Ae. speltoides 9330 699 (7.49)
Ae. longissima 18321 761 (4.15)
Ae. sharonensis 18205 723 (3.97)
Ae. bicornis 16465 598 (3.63)
Ae. searsii 15402 1633 (10.60)
Ae. tauschii 20288 7420 (36.57)
Ae. caudata 19086 6514 (34.13)
Ae. comosa 17377 3941 (22.68)
Ae. uniaristata 16719 4003 (23.94)
Ae. umbellulata 19523 6627 (33.94)
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