
li et al.: novel qtl for seedling leaf rust resistance	 5 of 12

Iranian Landraces were predominant in S1, account-
ing for 87.6% in the subpopulation, and the remaining 
12.4% originated from central Asia and Europe; there-
fore, this subpopulation was designated as Iranian land-
race group 1. Iranian landraces were well represented 
in the iCore subset. Among 425 Iranian accessions used 
in this study, 297 belong to S1. Wheat cultivars from 
eastern Europe (Romania, Bulgaria, Russia, Croatia, and 
Ukraine) were predominant in S2, accounting for 87.2% 
(eastern European cultivar group). �e others in this 
group were from Asia (9%), United States (2.6%), and 
South America (1.3%). �e origins of accessions in S3 
were diverse. �e 437 accessions in this subpopulation, 
including 79 breeding lines, 207 registered cultivars, 139 
landraces, and 12 genetic stocks, were collected from 
60 countries in Europe, North America, Asia, Africa, 
South America, Australia, New Zealand, and the Carib-
bean islands (Cuba). European cultivars, especially 
western European cultivars, were predominant in S4, 
accounting for 77% of all accessions. �e majority of 
cultivars released from western Europe, including Ger-
many, England, the Netherlands, Sweden, Switzerland, 
Portugal, Spain, Italy, France, Finland, Demark, and 

Belgium, belonged to S4 (western European cultivar 
group). Some cultivars and landraces from other regions, 
including Asia, United States, and eastern Europe, 
were also included in this group. Subpopulation S5 was 
characterized by cultivars and landraces collected from 
eastern Asia, including China, Japan, and South Korea, 
and southern Asia including Bhutan, Nepal, and India. 
Accessions from these countries accounted for 68% of 
the total accessions in S5. A few landraces from western 
Asia (Iran), and one or two each from other 29 countries, 
were also included in this group (east-Asian accession 
group). Most (91.4%) of group S6 were landraces with a 
large portion (66.3%) from Iran. �e remaining acces-
sions in this group came from Turkey, Afghanistan, 
Macedonia, Armenia, Azerbaijan, Georgia, United 
States, Lebanon, and Jordan (Iranian landrace group 2).

Evaluation of Leaf Rust Reaction
Among the tested accessions, only a limited number 
of them (4%) showed a high level of seedling resistance 
to Pt2013 (highly resistant [HR]; IT = 0–3), and their 
mean IT distribution was signi�cantly skewed toward 
susceptibility (Fig. 3). About 17.3, 36.6, and 43.1% were 

Fig. 2. STRUCTURE analysis revealed six subpopulations (S1–S6). S1, S2, S4, S5, and S6 represent Iranian landrace group 1, eastern 
European cultivar group, western European cultivar group, east-Asian accession group, and Iranian landrace group 2, respectively. 
Origins of wheat accessions in S3 were very diverse. Vertical lines represent membership coef�cients of accessions corresponding to 
the six subpopulations.

Fig. 3. Distribution of mean leaf rust infection types of 1537 accessions inoculated with Pt2013, Pt52-2, and Pt54-1.






