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Transfer of Leaf and Stem Rust Resistance Genes to  
Hard Red Winter Wheat Genetic Backgrounds

Francois Marais, Dept. of Plant Sciences, NDSU, Fargo

Research Questions

  The new hard red winter wheat breeding program at NDSU 
is in need of breeding parents with resistance to prevailing 
cereal rust diseases. This project targeted 20 leaf rust re-
sistance (Lr) and five stem rust resistance (Sr) genes for 
transfer from spring wheat into well-adapted winter wheat 
genetic backgrounds.

Results

  Crosses and backcrosses were initiated with twenty Lr 
genes, including Lr19-149-299.478, 42, 47, 48, 49, 50, 
51, 52, 53, 54, 55, 56, 57, 58, 59, 61, 62, 63, 66 and Lrbi 
(temporary designation) as well as five Sr genes (Sr2 and 
improved recombinants of Sr22, 26, 39 and 50). Five of 
the translocations with leaf rust resistance genes also carry 
stripe rust resistance (Yr) genes (Lr53/Yr35, Lr54/Yr37, 
Lr56/Yr38, Lr57/Yr40 and Lr62/Yr42). Crosses with six of 
the Lr sources (Lr42, 47, 57, 58, 61 and 66) were discon-
tinued due to either poor associated agrotype or limited  
effectiveness of the resistance.

Three sets of backcross progenies are currently being  
handled:
   (a)  Backcrosses to Jerry (cold-hardy; adapted to North 
American growing conditions): Recombinants of four trans-
locations (Lr19-149-299; Lr56-39; Lr59-157; Lr59-175; 
Lr59-1021; Lr59-151; Lr62-129 and Lr62-135) were back-
crossed with Jerry. A second backcross is in progress.
    (b)   Backcrosses to Norstar (most cold-hardy germplasm 
available): The Lr genes Lr53 and Lrbi as well as Sr2, 26, 
39 and 50 have been backcrossed to Norstar. Molecular 
markers are currently being used to identify progeny for 
continued backcrosses. Since Norstar is too tall an attempt 
is made to concurrently transfer the reduced height gene, 
Rht-B1b.
    (c)   Backcrosses to diverse winter-hardy winter wheats: 
A problem with backcross based introgression is that it re-
sults in very similar, genetically narrow-based germplasm. 
In an attempt to broaden the genetic background diversity 
beyond that of Jerry and Norstar, the complete group of 
genes is also being backcrossed into more diverse combi-
nations of parents. Table 1 (see Appendix) outlines 80 first 
backcrosses involving more than one winter wheat (Jerry, 
Norstar, Decade and Falcon). In the second backcross 
(Table 1) the parents Moats, Sunrise, Accipiter, Bellatrix, 
Radiant, Emerson and Flourish will be involved in diverse 

combinations. In those combinations where adult plant re-
sistance is involved, F2 populations are being developed 
for field planting and evaluation of their resistances before 
backcrosses will be continued (Table 1). 

Application/Use

  Segregating populations that are derived from the second 
and third backcrosses will be selected for agrotype, winter-
hardiness and rust resistance and the best retained for con-
tinued line development and field evaluation. Winter-hardy 
plants/inbred lines with acceptable plant type and carrying 
diverse, useful genes will be selected for crosses to a wide 
spectrum of elite winter wheat germplasm.

Materials and Methods

2011:
Genetic stocks (primarily in spring wheat) with the respec-
tive resistances were obtained from the Cereal Research 
Centre in Winnipeg, Canada; Dr Ian Dundas (Australia); 
Stellenbosch University (South Africa); Kansas State Uni-
versity; University of California-Riverside and CIMMYT, 
Mexico. For genes occurring in segregating stocks, seed-
ling resistance tests (McIntosh RA, Wellings CR and Park 
RF, 1995. Wheat rusts - an atlas of resistance genes, 
CSIRO Publications, East Melbourne, Australia) were done 
to identify carrier plants to use in the first round of crosses 
with the winter wheat parents Jerry and Norstar.

2012: 
For F1 combinations derived from segregating plants, leaf 
rust seedling tests were done to identify carriers. Winter 
wheat varieties Jerry, Decade, Falcon and Norstar were 
used for making the first backcrosses. Three sets of back-
crosses were initiated: (a) Backcrosses to Jerry (winter-
hardy, adapted) employing recombined versions of four 
alien-derived translocations. (b) Backcrosses to Norstar 
with concurrent transfer of the dwarfing gene, Rht-B1b in-
volved two leaf rust and four stem rust resistance genes. 
Molecular markers that can be used for the detection of 
the respective target genes have been obtained from the 
literature and the relevant protocols are being established. 
(c) Backcrosses to diverse winter-hardy wheats were done 
with the complete set of resistance genes.

2013 and thereafter: 
For those resistance genes that can readily be identified 
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with markers or by means of their response to a suitable pa-
thotype (which is virulent to background resistance genes 
but not to the target gene) backcrosses to winter wheat will 
be continued. With respect to adult plant resistance genes, 
F2 families will be derived for field testing of their adult stage 
resistance. With each backcross that is completed, (a) seg-
regating populations will be included and co-evaluated with 
the segregating populations of the main breeding program, 
(b) the better material will then be involved in elite crosses.

Economic Benefit to a Typical  
500 Acre wheat Enterprise

  The research material that is being developed will be in-
tegrated into the germplasm pool of the new winter wheat 
breeding program. In addition to the transfer of rust resis-
tance genes, projects to develop and use improved sourc-
es of fusarium head blight, tan spot and septoria resistance 
are also being conducted. When fully operational, the new 
breeding program will integrate the various sources of new 
germplasm in order to develop new winter wheat variet-
ies with improved agrotype, winter-hardiness, adaptation, 
yield, processing quality and pyramided disease resistance. 
Producers will benefit from the use of varieties with mul-
tiple disease resistance both through no/reduced need for 
spraying and increased yields attributable to the resistance.

Related Research

  This project ties in with the development (from scratch) of 
a new hard red winter wheat breeding program at NDSU. 
Since no breeding germplasm was available, new cross-
es had to be initiated from released varieties and diverse 
breeding lines obtained from colleagues. As a result there 
is an urgent need to expand the available breeding pool, in 
particular with respect to disease resistance. Material de-
veloped from this project will eventually feed directly into 
the main breeding program.

  In a further attempt to increase the levels of resistance, 
hybridization programs aiming to transfer specific FHB, 
tan spot and septoria resistance genes from spring wheat 
were also initiated. The genes being transferred include (a) 
Fhb1, Fhb2, Fhb5A ex Sumai 3; (b) an FHB QTL on 3AL of 
Frontana; (c) FHB genes on 5AS and 5AL of PI277012 (ex 
Dr S Xu) and (d) the tan spot and septoria resistance genes 
tsn1, snn2, QTs.fcu-1BS and QTs.fcu-3BL (ex Dr S Xu).

  A winter X spring wheat crossing block that aims to in-
troduce further genes for rust and leaf spot disease resis-
tance, wheat sawfly, sprouting tolerance, yield and quality 
was also introduced. The ultimate aim is to utilize superior, 
resistant material from each of the above crossing schemes 
in crosses with the best selections from the pedigree breed-

ing program. At the same time, the material will be used to 
establish a pre-breeding program that will continue to de-
velop improved parental material through gene pyramiding. 

  A current PhD study (co-supervisor Dr Xiwen Cai) utilizes 
in situ hybridization, microsatellite and SNP analyses to fur-
ther study recombinant forms of some of the alien translo-
cations being used in this study (Lr19, Lr56, Lr59, Lr62) in 
order to identify those with the least alien chromatin. Such 
recombinants will be used for continued crossing. 

Recommended Future Research

  In the next year the three subsets of backcrosses will be 
continued: (a) Eight backcrosses to Jerry, (b) Six backcross-
es to Norstar, (c) Eighty backcrosses to diverse, winter-
hardy parents. For certain genes F2 families will be devel-
oped and planted for field testing of adult plant resistance. 
Marker-aided and seedling infection type based screening 
will be used to identify plants for continued backcrossing. 

  Backcross-derived F2 families have been included with 
the segregating populations of the main program planted 
in September 2012 and will be field selected for rust resis-
tance and plant type. The better selections will (a) be used 
in crosses with pedigree program parents, or (b) used for 
the development of inbred lines.
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Target gene No of BC1F1 combinations 
made (2011- 2012)

Handling of the 2013 populations

Direct, further backcrosses of 
the BC1F1 to one or more of the 
winter wheat varieties Moats, 
Sunrise, Flourish, Broadview, 

Emerson and Accipiter

Field planting of 
BC1F2 populations 

for field  
selection  

of resistance
Leaf rust resistance
Lr19-149-299 1 

Lr48 (Adult plant resistance) 6 

Lr49 (Adult plant resistance) 8 

Lr50 3 

Lr51 6 

Lr52 6 

Lr53 6 

Lr54 3 

Lr55 1 

Lr56 5 

Lr59 3 

Lr62 4 

Lr63 3 

Lrbi 5 

Stem rust resistance
Sr26 6 

Sr50 5 

Sr2 (Adult plant resistance) 7 

Sr39 1 

Sr22 1 

Total 80

Appendix

Table 1. List of backcrosses to winter wheat that are being made in an attempt to transfer nineteen new rust resistance 
genes from spring to winter wheat. The winter wheat parents utilized in the first backcross included combinations of the 
varieties Jerry, Decade, Norstar and Falcon. The second backcross will involve a set of six different parents.


