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Abstract
A number of stem rust resistance genes derived 

from wild relatives of wheat appeared to be more 
effective against race TTKSK (Ug99) of Puccinia graminis 
f. sp. tritici than Sr genes of wheat origin. In an attempt 
to identify sources of stem rust resistance genes 
effective against TTKSK, we evaluated several cultivated 
and wild relatives of wheat for resistance to TTKSK 
and other stem rust races with broad virulence in 
seedling tests. Preliminary results indicated that TTKSK 
resistance could readily be found, but frequencies of 
resistance varied among the species. Aegilops speltoides 
had the highest frequency of resistance (nearly 100%). 
Other species having high frequencies of TTKSK 
resistance included triticale (77.7% of 567 accessions), 
Triticum urartu (96.8% of 205 accessions), and T. 
monococcum (61% of 1020 accessions). Frequencies 
of TTKSK resistance in other species were: 14.7% in Ae. 
tauschii (456 accessions), 15% in T. timopheevii (298 
accessions), and 17% in T. turgidum ssp. dicoccoides (157 
accessions). Based on specific infection types to several 
races, we postulated that novel genes for resistance to 
TTKSK are present in some of these species. Accessions 
with putatively new resistance genes were selected to 
develop crosses for introgressing resistance into wheat 
and for developing mapping populations. 
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Introduction
A number of stem rust resistance genes derived 

from wild relatives of wheat appeared to be more 
effective against race TTKSK (or Ug99) of Puccinia 
graminis f. sp. tritici than Sr genes of wheat origin (Jin 
et al. 2007). In an attempt to identify novel sources of 
stem rust resistance genes that are effective against 
TTKSK, we evaluated several cultivated and wild 
relatives of wheat for resistance to TTKSK and other 
stem rust races with broad virulence in seedling tests.  

Materials and methods
Accessions of several cultivated and wild relatives 

of wheat were evaluated for reactions to isolates of 
races TTKSK, TTTTF and TRTTF of P. graminis f. sp. tritici 
in seedling tests. Races QFCSC and MCCFC were also 
used in testing selected species. Race identities, origins, 
and avirulence/virulence formulae of the isolates 
used in the study are given in Table 1. Experimental 
procedures in inoculation and disease assessment were 
reported previously (Jin et al. 2007).  

Results and discussion
Triticum urartu Nearly all of the T. urartu 

accessions (96.8% of the 205 accessions) screened from 
the USDA National Small Grains Collection (NSGC) were 
resistant to race TTKSK, giving low infection types (IT) 
2- to 2. Twenty-eight percent of the accessions were 
resistant to race MCCFC. Resistance to races TTTTF, 
TRTTF or QFCSC was not observed. Resistance to TTKSK 
was specific; thus, the gene(s) from this species may 
have limited value for offering broad resistance to other 
stem rust races.  

T. monococcum A total of 1,020 accessions of T. 
monococcum from the USDA NSGC were evaluated 
against races TTKSK, TTTTF, TRTTF, MCCFC and QFCSC. 
Sixty-one percent of the accessions were resistant to 
TTKSK with low ITs ranging from 0 to 2+, and 6.6% were 

Table 1. Isolates, race identities, origin, and avirulence/virulence formulae of Puccinia graminis f. sp. tritici isolates used 
in seedling tests

Isolate Race Origin Avirulence/ virulence formula

04KEN156/04

01MN89A-1-2

06YEM34-1

06ND76C

59KS19

TTKSK

TTTTF

TRTTF

QFCSC

MCCFC

Kenya

USA

Yemen

USA

USA

Sr24 36 Tmp/ 5 6 7b 8a 9a 9b 9d 9e 9g 10 11 17 21 30 31 38 McN

Sr24 31/ 5 6 7b 8a 9a 9b 9d 9e 9g 10 11 17 21 30 36 38 Tmp McN

Sr8a 24 31/ 5 6 7b 9a 9b 9d 9e 9g 10 11 17 21 30 36 38 Tmp McN 

Sr6 7b 9b 9e 11 24 30 31 36 38 Tmp/ 5 8a 9a 9d 9g 10 17 21 McN

Sr6 8a 9a 9b 9d 9e 11 21 24 30 31 36 38/ 5 7b 9g 10 17 Tmp McN



 Progress and prospects in discovery and use of novel sources of stem rust resistance 90

resistant to all five races. Based on the reactions to the 
five races, there appeared to be novel resistance to TTKSK 
in T. monococcum. Additional studies are needed to 
confirm gene postulations and to determine the number 
and allelic relationships of the potentially new genes.

Aegilops tauschii A total of 456 accessions of 
Ae. tauschii from the USDA NSGC and Wheat Genetic 
and Genomic Resources Center (Manhattan, KS) were 
evaluated for resistance to races TTKSK, TRTTF, and 
TTTTF. Sixty-five accessions (14.7%) were resistant 
to TTKSK with ITs ranging from ; to 2+, and eight 
accessions (1.8%) were resistant to all races. Based 
upon the different infection types to various races, we 
postulated that one or more novel genes for resistance 
to race TTKSK is present in this species. Selected 
accessions are being backcrossed to hexaploid wheat 
to introgress the resistances to race TTKSK.

Ae. speltoides Ninety-two accessions from 
the USDA NSGC were evaluated and all accessions 
were resistant to race TTKSK. One plant from a 
heterogeneous accession was susceptible with IT 3. 
Most of the accessions exhibited ITs from 0 to ;1. The 
frequencies for resistance to races TTTTF (96%) and 
TRTTF (98%) also were high. Although this species 
offers a high frequency of TTKSK resistance, it will be 
difficult to differentiate novel resistance from resistance 
genes already transferred to common wheat, such as 
Sr32, Sr39 and Sr47.  

T. timopheevii A collection of 298 accessions from 
the USDA NSGC were evaluated, and 15% were resistant 
to race TTKSK with ITs ranging from 0 to ;12+. Resistance 
to races TTTTF and TRTTF was not detected among these 
accessions. Accessions resistant to TTKSK were mostly 
from T. timopheevii ssp. timopheevii, with infection types 
predominantly 0 to 0;. The low ITs (0 or 0;) to race TTKSK 
in combination with susceptibility to races TRTTF and 
TTTTF suggested that the majority of resistant accessions 

have Sr36. Accession CI 11802, which was regarded as the 
standard for Sr37 (McIntosh et al. 1985), produced IT ;1 to 
TTKSK, and 3 and 4 to TRTTF and TTTTF, respectively. Five 
accessions of T. timopheevii ssp. timopheevii produced 
a similar pattern, with ITs ranging from ;1 to ;12+. Three 
accessions of T. timopheevii ssp. armeniacum showed 
resistance to TTKSK, with ITs ;1 and ;12. The relationship 
between resistance in this germplasm and Sr40 is 
uncertain at this time. 

T. turgidum ssp. dicoccoides A collection of 157 
accessions from the USDA NSGC was evaluated for 
resistance to races TTKSK, TRTTF and TTTTF. There was a 
low frequency of resistance to the three races: 16.6% to 
TTKSK, 8.9% to TRTTF, and 11.5% to TTTTF. Low ITs were 
variable, ranging from 0; to X with the majority being 
2 to 2+. Three accessions were resistant to both TTKSK 
and TRTTF, one accession was resistant to TTKSK and 
TTTTF, and two accessions were resistant to all three 
races.  

X Triticosecale A collection of 567 triticale 
accessions from the USDA NSGC was evaluated for 
resistance to races TTKSK, TRTTF and TTTTF. There 
was a high frequency of resistance to race TTKSK; 440 
accessions (77.7%) exhibited low ITs ranging from 0; to 
2+ (Table 2). Based on the ITs we postulated a number 
of resistance genes, viz. Sr27 (IT ;2= to ;12), SrSatu (IT 
;CN), SrVen (IT ;13) or SrNin (IT 22-) (McIntosh et al. 1985). 
ITs different from those conferred by known genes 
were also observed, suggesting the presence of novel 
resistance genes or unique combinations of known 
genes. Screening of the resistant lines with P. graminis f. 
sp. tritici races virulent on known triticale genes available 
in Australia and South Africa will help to facilitate the 
identification of any new resistance genes. Resistance 
to the three races was highly associated as the majority 
(87%) of the accessions, that were resistant to TTKSK, 
were also resistant to races TTTTF and TRTTF.  

Table 2. Frequencies of triticale accessions resistant, susceptible, and heterogeneous for reaction to Puccinia graminis f. 
sp. tritici races TTKSK, TRTTF and TTTTF

TTKSK 

no. access.
%

TRTT

no. access.
%

TTTTF

no. access.
%

Resistant

Susceptible

Heterogeneous1

440

75

51

77.7

13.3

9.0

405

97

62

71.8

17.2

11.0

434

85

46

76.8

15.0

8.2

1Accessions including both resistant and susceptible plants




