
Evaluation of Wild Wheat Introgression Lines in Triticum aestivum for 
Resistance to Puccinia graminis f. sp. tritici

Introduction

❖Objective:
1) Evaluate the resistance of 24 wheat-wild relative introgression lines 

to wheat stem rust.
2) Identify and confirm alien chromosome segments conferring stem 

rust resistance through cytological analysis and genetic markers.
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➢Fungal diseases cause from 15-20% yield loss annually1

➢Substantial yearly crop losses necessitate resistant wheat variety 
development
➢Wild wheat relatives have previously been identified as valuable sources 
of disease resistance (i.e., Sr33 from Ae. tauschii, Sr35 from T. 
monococcum, Sr52 from D. villosum, etc.)4

➢The Wheat Genetics Resource Center (WGRC) at K-State developed 24 
wild wheat introgression lines (Robertsonian translocations, RobT) from 
Aegilops speltoides and Dasypyrum villosum.
➢The WGRC is internationally-recognized for maintaining a gene bank of 
2,500 wheat species accessions and housing 2,200 cytogenetic stocks, 
encouraging sustainable wheat research by broadening the genetic base.

Triticum aestivum Dasypyrum villosum2

Plant using randomized complete 
block design (RCBD)

Inoculate  7-8 days after germination

Rate using Stakman Scale5

 12-14 Days Post Inoculation (DPI)

Genomic in situ Hybridization 
(GISH) Resistant Lines

Extract DNA and run Kompetitive 
Allele Specific PCR (KASP) 
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Figure 1: (A) The 24 introgression 
lines were scored using the 
Stakman Rust Scale3 at 12 DPI and 
displayed variable responses to 
wheat stem rust. (B) 9753 L1, 
containing an Ae. speltoides 
introgression, is more resistant 
than its wheat parent ‘Zenda’ to 
race TPMKC. (C) After race RKQQC 
screening, the introgressions from 
Ae. speltoides provided resistance 
in 9745 L5, 9749 L3, and 9751 L1  
and D. villosum provided 
resistance in 9777 L5.
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Pedigree Line TPMKC 
REP 1

TPMKC 
REP 2

RKQQCC
 REP 1

RKQQC 
REP 2

CS-T1BS.1S#3L 
[TA5678]/ZENDA/BOBDOLE 9745 L5 1; ;1 1 ;

CS-T1S#3S.1BL [TA5598]/ZENDA 9747 L1 2- 2 3 3
CS-T2BS.2S#3L [TA5680 L1]/ZENDA 9749 L3 23 2 1 1;

CS-T2S#3S.2BL [TA5679 L1]/JOE 9751 L1 ;N ; ;1 1
CS-T3AS.3S#3L [TA5682]/ZENDA 9753 L1 0; 0; 3+ 3+
CS-T3S#3S.3AL [TA5681]/ZENDA 9755 L3 3- 3- 3 3
CS-T4S#3S.4BL [TA5683]/ZENDA 9756 L2 3-; 3 3 3
CS-T5DS.5S#3L [TA5088]/JOE 9757 L5 23 23 2+3C 3-2
CS-T5S#3S.5BL [TA5684 L3]/ZENDA 9759 L2 ; ;1 3 3
CS-T6BS.6S#3L [TA5687]/ZENDA 9760 L4 2 3 3 3
CS-T6S#3S.6AL [TA5686]/ZENDA 9762 L1 ;1 ; 3 3+
CS-T7BS.7S#3L [TA5689]/ZENDA 9763 L2 2+3 2; 4 3+
CS-T7S#3S.7BL [TA5688]/JOE 9765 L1 ; ; 3+ missing
CS-T1DS.1V#3L [TA5615]/ZENDA 9767 L1 3 3+ 3 3

CS-T1DL.1V#3S [TA5616]/ZENDA 9769 L3 ;1 ; 2 3
CS-T2BS.2V#3L [TA5634]/JOE//ZENDA 9770 L5 ; ; 3 3
CS-T3DS.3V#3L [TA5637]/JOE 9771 L3 ; ; escape 3
CS-T3DL.3V#3S [TA5636]/ZENDA 9773 L2 3- 23 3 3-
CS-T4DS.4V#3L [TA5694]/ZENDA 9775 L4 1; 1+; 3 3
CS-T4DL.4V#3S [TA5695]/ZENDA 9777 L5 3 3 21 2
CS-T5DL.5V#3S [TA5638]/BOBDOLE 9778 L1 2 2 3 e
CS-T6AL.6V#3S [TA5618]/JOE 9781 L2 2 2 3 3
CS-T7DL.7V#3L [TA5640]/JOE 9783 L3 2 3-2 3 3-
CS-T7DL.7V#3S [TA5639]/ZENDA 9785 L5 3 33+ 3 missing
MOROCCO ---------------------------------------------------

------- 3- e 33+ 3

LMPG-6 -------------------------------------------------------
------- 3 missing 3 missing

BOBDOLE ----------------------------------------------------
------- missing 2 e e

ZENDA --------------------------------------------------------
------- ; ;1 4 3

JOE ------------------------------------------------------------
------- ; ;1 3 3

Figure 2: Detection of Ae. 
speltoides and D. villosum 
chromosome segments in wheat 
alien translocation lines using 
genomic in situ hybridization (GISH). 
(A) Genomic DNA from Ae. 
speltoides was used as a probe to 
detect the 3S#3L segment (solid 
red) in the T3AS.3S#3L 
translocation line 9753 L1. (B) 
Genomic DNA from D. villosum was 
used as a probe to detect the 2V#3L 
segment (solid green) in the 
T2BS.2V#3L translocation line 9770 
L5. White arrows indicate wheat–
alien translocation chromosomes. 
Chromosomes were counterstained 
with DAPI (blue) to visualize wheat 
chromatin.

A

B

Results

Wheat Parents

9747 L3 (contains 2BL introgression)

2BL-2

9745 L5 (contains 1BL introgression)

1BL-10

➢Whole-arm introgressions resulted in both resistance through the 
incorporation of R-genes and susceptibility by disrupting immune 
response pathways.
➢3AL introgression from Ae. speltoides in 9753 L1 resulted in immunity to 
race TPMKC but not race RKQQC.
➢1BL introgression from Ae. speltoides in 9745 L5 and 4DS introgression 
from D. villosum in 9777 L5 are likely new R-genes and warrant further 
investigation.
➢The resistance found in 9749 L3 and 9751 L1 from Ae. speltoides may be 
due to the presence of Sr47 and Sr39/Sr32, respectively.
➢Introgressions were validated with full confidence through GISH and 
KASP markers.
➢The results expand the R-gene repertoire in wheat.
➢Future work will focus on characterizing the host-defense 
mechanisms associated with the newly  discovered genes.

Table 1: Introgression lines displayed 
variable infection types with some 
whole-arm introgressions providing 
resistance and others disrupting 
resistance pathways resulting in loss 
of resistance. Lines with infections 
types 0, fleck (;), 1, and 2 are 
considered resistant. Parental wheat 
lines were resistant to race TPMKC 
but not RKQQC. Resistance was 
identified in lines containing 
introgressions from Ae. speltoides 
and D. villosum.

Confirm Translocations in Resistant and 
Susceptible Lines

Figure 3: KASP Markers were run to validate chromosomal translocations. 
The X-axis represents the fluorescent intensity corresponding to Allele 1 
(wheat) and the Y-axis represents that corresponding to Allele 2 
(translocation). Examples above show Ae. speltoides introgressions on 
chromosomes 1BL and 2BL. These markers will prove practical for 
tracking the introgressions in breeding material.

Wheat Parents
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