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Research Question

1)  To transfer the newly identified resistance to tan 
spot into common wheat and durum varieties.
2) To determine the relationship between known re-
sistance/susceptibility genes for tan spot in common 
and durum wheat.
3) To determine the genetic basis for the differen-
tial response of P. tritici-repentis races 3 and 5, the 
commonly occurring races in the Northern Plains, in 
durum and common wheat.
 
Results

    Study 1. Resistant and susceptible genotypes for 
tan spot were selected based on the results of an 
ongoing research project entitled “Screening for Leaf 
Spot Resistance in Hard Red Spring Wheat” funded 
by the Minnesota Wheat Research and Promotion 
Council. These resistant and susceptible genotypes 
were intercrossed with each other in order to develop 
genetic populations to be studied in order to fulfill the 
objectives of this project. F1 and F2 generations of 
these crosses have been developed and advance 
generations of these crosses are being developed. 
   Study 2. A population of 98 recombinant-inbred 
lines (RIL) was developed from a cross between 
the resistant genotype Triticum turgidum # 283 
(PI352519) and the susceptible durum cultivar 
Coulter. This RIL population was screened with races 
3 and 5 and molecular mapping of the resistance 
gene(s) in this population was conducted. Addition-
ally, the relationship between the resistance genes 
effective against races 3 and 5 was determined. The 
F2 and F4:5 generations of this population were also 
screened with races 3 and 5 to determine the ge-
netic control of resistance. This study was conducted 
under controlled environmental conditions. Plants 
were inoculated at the two-leaf stage and disease 
reaction was assessed based on 1 to 5 lesion-type 
rating scale eight days after inoculation. Segrega-
tion analysis of the F2 generation and of the F4:5 
and F6:7 families indicated that a single recessive 
genes controlled resistance to necrosis induced by 
races 3 and 5. Analysis of the mapping data of the T. 

turgidum # 283/Coulter RIL population indicate that 
major genes, designated tsn2 and tsn5, controlling 
resistance to races 3 and 5, respectively, are located 
on the long arm of chromosome 3B. The resistance 
locus, tsn2, effective against race 3 mapped on the 
long arm of chromosome 3B, 2.7 cM distal to the 
SSR locus Xgwm285 while the resistance locus, 
tsn5, controlling necrosis induced by race 5 mapped 
on the long arm of chromosome 3B, 8.3 cM proximal 
to the tsn2 locus. The SSR locus Xgwm285, should 
be of great use for marker assisted selection, to in-
troduce the resistance from T. turgidum # 283 into an 
adapted durum wheat background.
   Study 3. There are presently eight races of fungus 
P. tritici-repentis, cause of tan spot of wheat. Culture 
filtrate of P. tritici-repentis race 5 isolates is known 
to contain the host-specific toxin Ptr ToxB. Both the 
culture filtrate and spore inoculation induce extensive 
chlorosis in hexaploid wheat. The objectives of this 
study were to determine the genetic control of resis-
tance/insensitivity to spore inoculation and culture 
filtrate of race 5 in a hexaploid wheat population. An 
advance population of recombinant-inbred lines (RIL) 
was developed from a cross between the resistant 
line ND-735 and the susceptible cultivar Steele-ND. 
Plants were inoculated at the two-leaf stage and dis-
ease reaction was assessed eight days after inocula-
tion based on lesion type. Two week old seedlings 
were infiltrated with culture filtrate of P. tritici-repentis 
race 5 and reaction to toxin evaluated four days later 
based on presence or absence of chlorosis. The RILs 
of the population ND 735/Steele-ND segregated for 
a single gene control for resistance when tested with 
spore inoculum of P. tritici-repentis race 5. Similarly, 
a single gene control for insensitivity was observed 
in the RILs of the population when challenged with 
culture filtrate of race 5. All the 134 RILs gave exact 
reaction to spore inoculum and culture filtrate indi-
cating toxin Ptr ToxB is a pathogenicity factor in the 
development of extensive chlorosis caused by race 
5 in this population. These results further reveal that 
culture filtrate of race 5 can be used as a surrogate to 
spore inoculation when screening for race 5 resis-
tance.
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Application/Use

   The information on the genetics of resistance 
for tan spot in common and durum wheat and the 
resistant germplasm developed will provide vital 
information/resources to breeders in developing 
resistant varieties. This ongoing study on completion 
will determine the different resistance/susceptibility 
genes present in common and durum wheat and the 
potential of inter-specific transfer of tan spot resis-
tance. The identification of resistant lines/genotypes 
possessing novel resistance genes and its use in 
development of resistant spring wheat varieties will 
provide efficient and economical management of leaf 
spots thus minimizing losses in grain yield and quality 
thereby improving the economic efficiency of wheat 
production. With durable and broad base resistant 
varieties the use fungicides, a practice not often 
environmentally safe and cost effective, would not be 
necessary.

Materials and Methods

   Study 1. For resistant and susceptible genotypes 
were selected based on the reaction of genotypes 
to different races of P. tritici-repentis tested under 
greenhouse condition. Hybridization and develop-
ment of segregating population is being carried in 
greenhouse. The segregating populations are being 
developed through single seed descent.
   Study 2. To determine the genetics of resistance 
to the necrosis induced by P. tritici-repentis, races 3 
and 5 in tetraploid wheat, the F2 generation and F4:5 
families of the cross TT283/Coulter were developed 
and screened. The F6:7 recombinant inbred lines 
(RIL) were also tested with races 3 and 5 to recon-
firm the genetic study and provide phenotypic data 
for mapping analysis. All the F4:5 and F6:7 families 
were produced by single-seed descent. Single-spore 
cultures of isolates Ptr 331-9 (race 3) and Ptr DW13 
(race 5) were used to produce the spore inoculum 
and do the disease evaluation. Disease development 
and evaluation was done following the procedures 
reported by Lamari and Bernier (1989). 
   Following the methods described by Del Blanco et 
al. (8), DNA extraction was performed on a bulk of at 
least 12 plants per line. Microsatellite markers; gwm, 
barc, and wmc previously mapped to chromosome 
3B were used to screen the parental lines for poly-
morphisms. A total of 49 markers were screened on 
the parents Coulter and TT283. Of these 49 mark-
ers, 15 markers were found to be polymorphic on the 
parents and hence were run on the entire F6:7 RIL 

population. Linkage analysis and QTL mapping were 
performed with MapManager QTX. The chi-square 
test for goodness-of-fit to various genetic models was 
applied to the segregation data observed in the F2 
generation, and F4:5 and F6:7 families to determine 
the genetic control of resistance.
    Study 3. The resistant germplasm ND-735 was 
crossed with the susceptible cultivar Steele-ND and 
an advanced population of F2:6 recombinant inbred 
lines (RIL) were developed thorough single seed 
descent for this study. A minimum of 12 and 8 plants/
line were studied for the inheritance of resistance 
to spore inoculation and culture filtrate infiltration, 
respectively. All disease tests were conducted under 
controlled environmental conditions in greenhouse. 
Spore inoculum was produced by the procedure of 
Lamari and Bernier (1989). A conidial suspension of 
3000 spores/ml of isolate Ptr DW-13 (race 5) was 
sprayed until runoff on seedlings at the two-leaf 
stage. The seedlings were incubated for 24 h under 
continuous leaf wetness in a mist chamber and then 
kept in a growth chamber at 22/170C (day/night) 
with a 16 h photoperiod. Eight after inoculation the 
seedling were rated on a 1 to 5 lesion type scale 
developed by Lamari and Bernier (1989). Plants with 
ratings of 1-2 were considered resistant while those 
with 3-5 were considered susceptible. 
   Culture filtrate was produced by the procedure of 
Orolaza et al. (1995). Two week old seedlings were 
infiltrated with culture filtrate of Ptr DW-13 containing 
the toxin Ptr ToxB. Four days later seedlings were 
rated as sensitive or insensitive based on presence 
or absence of chlorosis at the site of infiltration. Data 
collected was analyzed using the chi-square test to 
determine goodness-of-fit of segregation ratios to de-
termine the genetic control of insensitivity to culture 
filtrate. 

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

   Leaf spots on average cause yield losses from 10-
15% and cause loss in grain quality by grain shrivel-
ing, dark smudge and black point. Previous genetic 
studies indicate of a narrow genetic base of resis-
tance to tan spot (Anderson et al., 1999; Singh and 
Hughes, 2005). Development of new resistant durum 
and common wheat varieties, in conjunction with crop 
rotation, will provide an effective and environmentally 
safe means of controlling tan spot. Information and 
the germplasm developed from this study will aid 
plant breeders in development of durable resistant 
varieties. This will minimize the losses due to tan spot 
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and improve the economic efficiency of wheat pro-
duction. The genetic studies will identify novel genes 
for resistance to be utilized in broadening the genetic 
base of resistance in commercial varieties and thus 
reduce the possibility of existing resistance genes 
breaking down. Improved control of tan spot with 
resistant varieties should minimize losses in grains 
yield and quality thereby increasing opportunities for 
local value-added processing. 

Related Research

   Previous studies have involved screening for new 
sources of resistance to tan spot of wheat in green-
house or field evaluations (Lamari and Bernier, 
1989a; Riede et al., 1996), inheritance of resistance 
(Anderson et al., 1999, Gamba and Lamari, 1998; 
Gamba et al., 1998) and race structure of the patho-
gens (Ali and Francl, 2003; Lamari and Bernier, 
1989b). Significant efforts have been made in iden-
tifying molecular markers for the resistance genes 
(Faris et al., 1997; Friesen and Faris, 2004) and in 
molecular biology of host-pathogen interaction (Ciuf-
fetti and Tuori, 1999; Strelkov and Lamari, 2003). 
   To date, only three and four genes in common 
wheat and durum, respectively, confer resistance to 
one or more of the five races of P. tritici-repentis in 
North America (Gamba and Lamari, 1998; Gamba 
et al., 1998). A preliminary study by Anderson et al. 
(1999) revealed that both durum and common wheat 
possess the same gene for necrosis induced by 
races 1 and 2. The relationship between the other re-
sistance genes is unknown. Recent studies in Europe 
have identified novel resistance genes for tan spot of 
wheat.
   In an ongoing research funded by Minnesota 
Wheat Research and Promotion Council entitled 
‘Screening for Leaf Spots Resistance in Hard Red 
Spring Wheat’ the reaction of the advanced durum 
and common wheat breeding lines to P. tritici-repen-
tis was evaluated. A very high number of genotypes 
tested were susceptible to P. tritici-repentis. It was 
also observed that the elite wheat germplasm is 
most susceptible to P. tritici-repentis race 2 followed 
by race 5 and race 3. Although, majority of the 126 
genotypes tested were susceptible, 5 genotypes 
were resistant to all races of P. tritici-repentis tested.
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Recommended Future Research

1.  Development of additional genetic population and 
advance of the existing population.
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2.  Screening of the segregating population in order 
to determine the genetics of resistance
3.  Evaluation of advanced resistant material as a 
part of varietal development program
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