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Screening of cytogenetic stocks for resistance to Pgt race Ug99
G. Fedak1, W. Cao1, D. Chi1, L. Zhang1, M. Rouse3, A. Xue1 and T. Fetch2
Eastern Cereal and Oilseed Research Center, AAFC, Ottawa, ON K1A 0C6, Canada; 2Cereal
Research Center, AAFC, Winnipeg, MB R3T 2M9,Canada; 3USDA-ARS, Cereal Disease
Laboratory, St. Paul, MN 55108, USA. Email: George.Fedak@AGR.GC.CA
1

The best method to protect wheat crops from threatening new races of Pgt (such as Ug99) is to
incorporate genes for resistance. For stem rust the majority of effective resistance genes come
from alien sources. Our attempts to find new genes for stem rust resistance involve the screening
of accessions of related species and cytogenetic stocks obtained from earlier
interspecific/intergenetic hybrids with Ug99 variants. Genotypes with infection types (IT) ;
(fleck) to 1 were considered to be resistant. Screening of related species revealed resistance in
eight of 21 accessions of Triticum monococcum (A genome) and one accession of T.
miguschovae (AGD). Brazilian rye landraces Boller and Vacaria were resistant as were primary
triticales derived from them. Some amphiploids or partial amphiploids originating from hybrids
of wheat with Thinopyrum elongatum (E genome), Th. intermedium (EESt), Th ponticum
(EsEsEEE) and Haynaldia villosa (V) were also resistant. Fifteen of 21 translocation lines
derived from wheat Th. ponticum hybrids were resistant. A number of synthetics derived from
crosses of durum with accessions of Aegilops tauschii were also tested; 11 of 19 lines had IT ; to
1. Resistance also occurred in stable lines selected from segregating populations of crosses of
wheat and T. miguschovae, Ae. cylindrica (CD) and Elymus repens (StStH). It is anticipated that
some sources of resistance in this diverse germplasm should be unique.

Proceedings, BGRI 2012 Technical Workshop, September 1-4, Beijing, China

ISBN: 13: 978-0-615-70429-6

104

Borlaug Global Rust Initiative • globalrust.org

Potentially new stem rust and leaf rust resistance genes derived from Aegilops speltoides
and Thinopyrum ponticum
I. Dundas1, D. Verlin1 and P. Zhang2
1

School of Agriculture, Food and Wine, Waite Campus, The University of Adelaide, Waite Rd,
Urrbrae, SA 5064, Australia; 2Plant Breeding Institute, University of Sydney, 107 Cobbitty
Road, Cobbitty, NSW 2570, Australia. Email: Ian.dundas@adelaide.edu.au
Two of the most widely deployed alien-derived rust resistance combinations in agriculture were
the Sr31/Lr26/Yr9 genes on rye chromosome 1RS and Sr24/Lr24 on chromosome 3Ae#1 from
Thinopyrum ponticum. Wheat breeders find such blocks of resistance genes a convenient way for
simultaneous selection of combined resistance. Since virulence now exists for all of these genes,
we are continually searching for further combinations of resistance genes as replacements. We
have discovered two non-cultivated accessions each of which carries stem rust and leaf rust
resistances on alien chromosome segments. Crosses were made between wheat cv. Westonia and
diploid accession Aegilops speltoides AEG357-4 (2n=14), and wheat-Th. ponticum partial
amphiploid OK72111542. Accession AEG357-4 originated from the Harold and Adele
Lieberman Germplasm Bank, Tel Aviv University, Israel, and accession OK7211542 possibly
originated from Oklahoma, USA, from wide crosses in the 1950s. Leaf rust resistance in
backcross derivatives involving AEG357-4 is associated with chromosome 2S#3, the
chromosome reported earlier to carry Sr2S#3. Analysis of BC3 populations derived from
Westonia × OK7211542 showed that the linked resistances are on chromosome 6Ae#3. The
2S#3 and 6Ae#3 addition lines were crossed with Westonia ph1b and screening for recombinants
involving wheat chromosomes is underway.
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Development and characterization of wheat lines carrying stem rust resistance gene Sr43
derived from tall wheatgrass
Z. Niu1, D. Klindworth1, G. Yu2, T. Friesen1, S. Chao1, Y Jin3, X. Cai4, J. Rasmussen1and S. Xu1
1

USDA-ARS, Northern Crop Science Laboratory, Fargo, ND 58102, USA; 2Department of Plant
Pathology, North Dakota State University, Fargo, ND 58108, USA; 3USDA-ARS Cereal Disease
Laboratory, St. Paul, MN 51108, USA; 4Department of Plant Sciences, North Dakota State
University, Fargo, ND 58108, U.S.A. e-mail: steven.xu@ars.usda.gov
Stem rust resistance gene Sr43, derived from tall wheatgrass (Thinopyrum ponticum), is effective
against Ug99 lineage Pgt races. Previous studies indicated that Sr43 was located on large Th.
ponticum 7el2 chromosome segments in 7D/7el2 translocation stocks KS10-2 and KS24-1. In the
present work, we applied a recently-established chromosome engineering procedure to reduce
the size of the alien chromosome carrying Sr43. KS10-2 was crossed and backcrossed to the
Chinese Spring (CS) ph1b mutant. BC1F1 plants were screened for stem rust response and Ph1associated molecular markers. Resistant BC1F1 plants homozygous ph1bph1b were further
backcrossed to CS. The resulting population of 706 BC2F1 plants was screened for stem rust
response and with six co-dominant SSR markers. Wheat lines RWG33 and RWG34 carry Sr43
on shortened alien segments that are about 15% of that in KS10-2. Two molecular markers
closely linked to Sr43 were identified; one was an SSR marker and the other a STS marker based
on sequences of deletion bin-mapped expressed sequenced tags in wheat. The two new wheat
lines with Sr43 and closely-linked markers may provide new resources for combating the threat
of race Ug99 and derivatives.
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Resistance to Pgt race TTKSK in Aegilops spp.
P. D. Olivera1 and Y. Jin1,2
1

Department of Plant Pathology, University of Minnesota, St. Paul, MN 55108, USA; 2USDAARS, Cereal Disease Laboratory, St. Paul, MN 51108, USA. Email: oliv0132@umn.edu
	
  
In attempts to identify new resistance genes effective against Pgt race TTKSK (or Ug99), we
evaluated 1,421 Aegilops accessions, including Ae. biuncialis (268 accessions), Ae. cylindrica
(151), Ae. comosa (60), Ae. geniculata (182), Ae. markgrafii (65), Ae. neglecta (202), Ae.
peregrina (73), Ae. triuncialis (233), and Ae. umbellulata (73) at the seedling stage. A high
frequency of resistance was observed; 1,010 accessions (72.3%) exhibited low infection types.
Six species (Ae. cylindrica, Ae. geniculata, Ae. markgrafii, Ae. neglecta, Ae. peregrina, and Ae.
triuncialis) had frequencies of resistant accessions exceeding 80%. Low infection types “;” or
“;1-“ were characteristic of species cylindrica, neglecta, peregrina, and triuncialis, whereas
infection types “2-“ and “2-;” were predominant in biuncialis and geniculata. Accessions
exhibiting resistance to race TTKSK are being further characterized for resistance to additional
Pgt races. Selected resistant accessions from all species are being used as parents in crosses to
develop populations for determining the genetic basis of resistance.
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Reactions of Aegilops species to Pgt race TTKSK
J. C. Scott, Y. Chai and B. J. Steffenson
Department of Plant Pathology, University of Minnesota, St. Paul, MN 55108, USA. E-mail:
jcscott@umn.edu
Wild relatives of wheat such as the goatgrasses (Aegilops spp.) are potential sources of
resistances to diseases. In an effort to identify additional sources of resistance effective against
Pgt race TTKSK, we tested seedlings of a collection of over 400 accessions of seven Aegilops
species (Ae. bicornis [4 accessions], geniculata [44], kotschyi [34], longissima [111], peregrina
[135], searsii [42], and sharonensis [36]) in the Biosafety Level-3 Containment Facility in St.
Paul. Resistant accessions (infection types of 2 or less) were present in all species; however, the
frequency of resistance varied markedly among species. Those with the highest frequencies of
resistance included Ae. bicornis (100% resistant), Ae. longissima (96%), and Ae. sharonensis
(78%); those with intermediate frequencies included Ae. peregrina (56%), Ae. geniculata (48%),
and Ae. kotschyi (34%); and the lowest frequency was in Ae. searsii (12%). Research is
underway to determine the genetics of resistance and allelic relationships among the sources of
resistance within a species. This germplasm may yield new genes that will enhance both the level
breadth and durability of resistance to African Pgt races.
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Moroccan durum wheat landraces harbor resistance to threatening races of Pgt and Pst
A. Ramdani1, H. Ouabbou2, S. Bhavani3, K. Nazari4, R. Wanyera5, S. Lhaloui2, F. AbbadAndaloussi6, N. Nsarellah2, S. Bennani1, J. Haddouri2 and S. M. Udupa7
INRA – CRRA, P.O. Box 578, Meknès, Morocco; 2INRA – CRRA, P.O. Box 589, Settat,
Morocco; 3CIMMYT, Gigiri, P.O. Box 1041, Nairobi, Kenya; 4ICARDA, P.O. Box 5466,
Aleppo, Syria; 5KARI, Njoro, Kenya, P.O. Private Bag, Njoro 20107, Kenya; 6INRA – Plant
Protection Department, P.O. Box 415, Rabat, Morocco; 7ICARDA, Rabat Institute, P.O. Box
6299, Rabat, Morocco. E-mail: ramdani.abdelhamid@gmail.com
1

Local landraces, as potential donors of valuable traits such as resistance to rusts, can broaden
genetic variability in crop plants. In this study we evaluated Moroccan durum landraces and
improved cultivars for stem rust response at Njoro, Kenya, during 2010-11 and for stripe rust
response at Annoceur (2009-10) and Meknès (2010-11). One hundred and seventy three
landraces collected from different regions of Morocco and 18 improved cultivars were tested at
Annoceur during 2009-2010 where were stripe rust and leaf rust were prevalent; 21 and 76
landraces were immune to yellow rust and leaf rust, respectively. A subset of 62 landraces and
18 cultivars were tested at Meknès and Njoro during 2010-2011; 31 landraces exhibited
resistance to stem rust (<20MR). Amongst them, 4 accessions were almost immune to stem rust
(5R) and two of them were highly resistant to stripe rust. Among the improved durums, stem rust
severities ranged from 20MR to 70S, Stripe rust on durum cultivars was not a real threat since
the most susceptible one exhibited a severity of 30S.
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Stem rust resistance in durum wheat
P. D. Olivera1, A. Badebo2 and Y. Jin1,3
1

Department of Plant Pathology, University of Minnesota, St. Paul, MN 55108, USA; 2Ethiopian
Institute of Agricultural Research, Debre Zeit, Ethiopia; 3USDA-ARS, Cereal Disease
Laboratory, St. Paul, MN 51108, USA. Email: oliv0132@umn.edu
Pgt races in Eastern Africa, such as TTKSK (or Ug99), possess broad virulence to durum and
common wheat cultivars. The objective of this study was to identify resistance genes in durum
that are effective against Ug99 and other Pgt races and that could be utilized in wheat breeding.
We evaluated 1,000 durum accessions for stem rust response in field screening nurseries at
Debre Zeit, Ethiopia, and St Paul, MN. One hundred and twenty three accessions were resistant
to moderately resistant at both Debre Zeit and St. Paul. The highest frequencies of resistance
were in accessions originating from North America (28%), and North and East Africa (24%).
Accessions with resistant to moderately resistant responses were characterized for reaction to
races TTKSK, TRTTF, RRTTF, JRCQC, TTTTF, TPMKC, and RKQQC at the seedling stage.
Thirty-five accessions were resistant and eight accessions were susceptible to all races.
Accessions that were resistant in the field but susceptible in the seedling stage may possess adult
plant resistance. The genetics of TTKSK resistance in selected lines are being investigated.
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Characterization of globally effective sources of resistance to leaf rust in durum wheat
A. Loladze and K. Ammar
CIMMYT, Km. 45, Carretera México-Veracruz, El Batán, Texcoco CP 56130, Edo. de México,
México. Email: A.Loladze@cgiar.org
Leaf rust is a significant yield-limiting factor in durum wheat. New races have overcome the
resistance of numerous commercial durum cultivars in some countries. Consequently, the search
for, and genetic characterization of, globally effective sources of resistance has become a priority at
CIMMYT. Six resistance sources were identified through multi-race testing and each source was
crossed to two susceptible lines. Phenotyping of rust reaction was conducted in the field with a
mixture of prevalent Mexican races. The F1s and 140 to 230 F3 families were assessed to determine
dominance, the number of genes involved, and their modes of action. Allelism tests were conducted
to determine the relationship between the different sources and with other known genes used in the
CIMMYT program (LrCamayo, Lr61). Phenotypic analyses suggested that Moroccan cv. Amria,
ICARDA lines Geromtel_1 and Tunsyr_2, and French cv. Byblos each carry single dominant genes.
French cv. Arnacoris and Italian cultivar Saragolla each carry two recessive genes. Results from the
allelism tests suggested that the genes from Geromtel_1 and Tunsyr_2 were either allelic or closely
linked to each other and to Lr61. All the other sources were characterized by genes that are likely to
be different from each other and from those common in CIMMYT germplasm. Further seedling
stage evaluations of these populations are continuing along with initiation of molecular mapping of
the monogenic resistances.
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Sources of rust resistance in Indian barley genotypes
R. Selvakumar, R. P. S. Verma, S. C. Bhardwaj, B. Sarkar and I. Sharma
Directorate of Wheat Research, Karnal, Haryana 132001, India. Email:
selvakumar2000@gmail.com
Barley (Hordeum vulgare) is becoming popular in India due to increased industrial demand and
low cultivation costs. The All India Coordinated Wheat and Barley Improvement Program
(AICW&BIP) evaluates all barley genotypes for seedling and adult plant reponse to leaf rust
(caused by P. hordei), stem rust (Pgt) and stripe rust (Psh). The adult plant tests are conducted in
inoculated nurseries at various locations in barley growing areas, viz. Bajaura, Dhaulakuan,
Durgapura, Karnal, Ludhiana and Dharwad. Scoring of disease response is by response and
severity at each site, and average coefficients of infection (ACI) are based on the highest scores
at each site. Genotypes showing resistance are recommended for promotion to national trials.
Adult plant stage screening is done for three consecutive years by means of various nurseries, the
Initial Barley Disease Screening Nursery (IBDSN), the National Barley Disease Screening
Nursery (NBDSN) and the Elite Barley Disease Screening Nursery (EBDSN). Seedling tests are
done at DWR Regional Station, Flowerdale, Shimla. Genotypes showing resistance are
registered as resistant stocks and are maintained by a barley germplasm unit for use in breeding
programs.
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Identification of stem rust resistance genes in hexaploid wheat and their introgression using
molecular markers
P. S. Yadav1, V. K. Mishra1, B. Arun1, R. Chand2, N. K. Vasistha1, M. K. Vishwakarma1, S. C.
Bhardwaj3 and A. K. Joshi14,
1

Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Banaras Hindu
University, Varanasi, India; 2Department of Mycology and Plant Pathology, Institute of
Agricultural Sciences, Banaras Hindu University, Varanasi, India; 3Regional Station, Directorate
of Wheat Research, Indian Council of Agriculture Research, Flowerdale, Shimla, India;
4
CIMMYT, South Asia Regional Office, Singh Durbar Plaza Road, Kathmandu, Nepal. Email:
p.jeetu29@gmail.com
The occurrence of Pgt race Ug99 in Iran was a reminder to the Indian sub-continent of the urgent
need for crop protection in order to ensure food security for people whose diets constitute 40%
wheat. Improving resistance in an already widely grown variety could restrict the spread of Ug99
in the short term. Three wheat cultivars, HUW234, HUW468 and HUW510, and five potential
resistance donors were tested for presence of Sr25, SrR and SrWeb using molecular markers.
Seedlings of the 3 recipient and 5 potential donors were tested for seedling responses to Pgt races
62G29 (40A), 62G29-1 (40-1) and 62G13-3 (40-2) at Shimla. Among the five donors, PMBWIR
4 (PRL/2*PASTOR//PBW343*2/KUKUNA/3/TACUPETO F2001*2/KUKUNA) appeared to
carry all three resistance genes and was therefore used as the resistance donor to introgress the
genes into the widely grown cv. HUW234. BC2F4 progenies were selected by foreground
selection followed by background selection using 63 genome-wide SSR markers. The population
was also screened against stem rust under field conditions using the prevalent Pgt race 21A-2.
Five plants were identified as having all the three resistance genes and showing >90% similarity
with the recipient parent. Lines derived from these plants are currently undergoing agronomic
assessment.
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High resolution mapping of a new source of resistance to Pgt race Ug99 in a spring wheat
landrace
J. Zurn1, M. Newcomb2, M. Rouse3, Y. Jin3, S. Chao4, J. Sthapit5, D. See5, R. Wanyera6, P.
Njau6, J. Bonman2, R. Brueggeman1 and M. Acevedo1
1

Department of Plant Pathology, North Dakota State University, Fargo, ND 58108, U.S.A.;
USDA-ARS, Small Grains and Potato Germplasm Research Unit, Aberdeen, ID 83210, U.S.A.;
3
USDA-ARS, Cereal Disease Laboratory, St. Paul, MN 55108, U.S.A.; 4USDA-ARS, Cereal
Crops Research Unit, Fargo ND, 58102, U.S.A.; 5USDA-ARS, Wheat Genetics, Quality,
Physiology and Disease Research Unit, Pullman WA 99164, U.S.A.; 6Kenya Agricultural
Research Institute, Njoro, Kenya. Email: Jason.Zurn.1@my.ndsu.edu
2

Disease management of wheat stem rust is imperative for the preservation of global food
security. The most effective disease management strategy is incorporation of resistance genes
into adapted wheat cultivars. During a search for new resistance sources, the spring wheat
landrace accession PI 626573 was identified as a potential new source of resistance to Pgt race
Ug99 (TTKSK). To determine the location and inheritance of the resistance, a recombinant
inbred population was developed from a cross with the susceptible line LMPG-6. Segregation
within and among F3 lines determined that resistance was conferred by a single dominant gene
(SrWLR). BSA of 10 homozygous resistant and 10 homozygous susceptible F2 plants identified
nine polymorphic SSR markers associated with the resistance phenotype on the long arm of
chromosome 2B. These and six additional polymorphic SSRs were used to produce a linkage
map from F4 generation data; SrWLR was mapped to an 8.8 cM region flanked by gwm47 and
wmc332. This region was reported to contain Sr9 and SrWeb, the latter also being effective
against Ug99. To further characterize SrWLR and the surrounding region, 240 F5 lines were
screened with 9,000 SNP markers using an Illumina platform and phenotyped for rust response
in field trials at Njoro, Kenya. The polymorphic SNPs were utilized to identify flanking markers
closer to SrWLR and to provide a high resolution genomic map. A large F2 population is being
developed for map based cloning of SrWLR.
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Yr51 – A new gene for stripe rust resistance in common wheat
M. S. Randhawa, U. K. Bansal and H. S. Bariana
University of Sydney Plant Breeding Institute Cobbitty, Private Bag 4011, Narellan, NSW 2567,
Australia. Email: harbans.bariana@sydney.edu.au
Wheat landrace AUS27858, collected in Baluchistan province, Pakistan, by Arthur Watkins in
the 1920s is resistant to Australian Pst pathotypes. AUS27858 was crossed with susceptible cv.
Westonia and studies of F3 lines indicated the presence of two genes for seedling resistance. Two
different types of monogenically segregating F3 families, represented by #5474 (0; - ;C vs. 3+)
and #5515 (1C - 2C vs. 3+) were identified. Up to 100 single plants in each family were grown
for chromosome location studies. Rust response phenotyping confirmed segregation at single
loci. Bulked segregant analysis using DArT markers located the gene in the #5515-derived
population in chromosome 4AL, whereas the gene in the #5474 population was located in
chromosome 3BS (in the Yr4 region). As chromosome 4AL does not carry a permanently
designated stripe rust resistance gene, the #5515 gene was named Yr51. A derivative of family
#5474 was crossed with Rubric (Yr4) for a test of allelism.
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Pastor contains five chromosomal regions with linked or pleiotropic minor loci for stripe
rust and leaf rust resistances
G. M. Rosewarne1,2, R. P. Singh1, J. Herta-Espino3, S. A. Herrera-Foessel1 and G. J. Rebetzke4
1

CIMMYT, Apdo Postal 6-641, 06600 Mexico D. F., Mexico, 2SAAS, #4 Shizishan Rd, Jinjiang,
Chengdu, Sichuan, China. 3Campo Experimental, Valle de Mexico-INIFAP, Apartado Postal 10,
56230 Chapingo, Edo. de Mexico, Mexico 4CSIRO Plant Industry, GPO Box 1600, Canberra,
ACT 2601, Australia. E-mail: g.rosewarne@cgiar.org
Pastor is a CIMMYT wheat line that has quantitative resistance to both leaf rust and stripe rust. It
was developed through a breeding program that has a strong focus on incorporating minor,
additive genes to confer durable resistance to both diseases. Generational advancement of
populations occurs under alternate epidemics of the two pathogens at two field sites in Mexico.
An F5 RIL population was developed from Pastor × Avocet. QTL analysis identified 9 loci
contributing to stripe rust resistance and 5 loci for leaf rust resistance in Pastor. Interestingly, all
5 leaf rust resistance loci were either linked or pleiotropic with stripe rust QTLs and this is
thought to be an outcome of the breeding strategy. Seedling tests identified the moderately
effective race-specific resistance gene Yr31 in Pastor, and this gene was the major contributor to
overall stripe rust resistance. In the course of the investigation, Yr31 was overcome by the
pathogen, but there was still a degree of residual resistance at the locus, along with a minor but
significant effect on leaf rust response. Another influential locus was Lr46/Yr29 (1BL) with large
and significant effects in all environments. Linked leaf rust and stripe rust loci were also
identified on chromosomes 1BS, 6BL and 7BL. Finally a 3BS locus for stripe rust was identified
in the region of the Sr2/Yr30 locus. Our results indicate the complex nature of adult plant
resistance to the rusts.
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Yr17: An all-stage or adult-plant gene for stripe rust resistance in wheat?
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1

Department of Plant Pathology, University of Arkansas, Fayetteville, AR 72701, USA; 2USDAARS, Plant Science Research Unit, North Carolina State University, Raleigh, NC 27695, USA.
Email: gmilus@uark.edu

Yr17 was defined and used as an all-stage resistance gene to protect wheat from stripe rust
caused by Puccinia striiformis f. sp. tritici (PST). However, it has been difficult to identify Yr17
resistance in wheat seedlings and Yr17 virulence for race identification. The objective of this
study was to determine the effects of post-inoculation temperature on the host-pathogen
interaction and to compare the results with reactions on adult plants. Seedlings of 21 wheat lines
with Yr17 (based on a linked molecular marker) were inoculated with two avirulent races (PST3, PST-78) and two virulent races (PSTv-37, PST-127) and incubated at 10°C, 18°C and 5-18°C
(used for seedling evaluations and race identification). Infection types were recorded 14, 17 and
20 dai using the 0-9 scale (0-4 = avirulent/resistant; 5-9 = virulent/susceptible). Both virulent
races were similar and incorrectly identified as avirulent 13, 12 and 36% of the time after 20
days at 10, 5-18 and 18°C, respectively. PST-3 and PST-78 were incorrectly identified as
virulent 10, 5 and 0% of the time and 68, 44 and 6% of the time after 20 days at 10, 5-18 and
18°C, respectively. On adult plants with Yr17 in the field, PST-78 was clearly avirulent, and
reactions to PSTv-37 varied depending on the presence of additional genes for APR. PST-78
may be heterozygous for avirulence on plants with Yr17. Yr17 should be considered an APR
gene as is the case for Lr37 that likely is pleiotropic with Yr17 and conditions APR to leaf rust.
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Donors of spring bread wheat field resistance to leaf rust
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In breeding for disease resistance, and depending on specific environmental conditions, selection
can be in one of three directions. In areas with low disease risk and rare epidemics the approach
is to create tolerant varieties. In the case of frequent epidemics breeding programs incorporate
highly expressed resistances. In the Middle Volga region, where leaf rust epidemics occur every
three to five years, we have to constantly update resistance genes and continue to search for new
resistance donors. Only a few breeders in the Volga region have resorted to the third approach development of varieties with field resistance (e.g. slow rusting, minor gene adult plant
resistance). This approach is pursued at the Ulyanovsk Scientific Research Institute. Most
varieties originating from Ulyanovsk possess gene Lr34 (identified by PCR analysis using SSR
primers GWM130). Analysis of field resistance to leaf rust in spring wheat cv. Simbirtsit and
Ecada 70 and breeding lines L.328/02 and L.370/03 showed that resistance is determined by
complementary genes, one of which is Lr34. Test crossing of several cultivars, including Ecada
70, led to postulation of Lr48. It is assumed that field resistance is determined by the
complementary interaction of at least one APR gene (e.g. Lr34, Lr46, Lr67) and at least one
seedling resistance gene.
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Identification of durum wheat germplasm from Iran, Italy, Argentina and Bulgaria
putatively resistant to Puccinia graminis f. sp. tritici race Ug99
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Stem rust is one of the most important fungal diseases of wheat. With most commercially grown
wheat varieties susceptible to some races of Pgt, novel sources of resistance are required to
develop resistant cultivars. Nearly 600 durum accessions originating from Serbia or Montenegro
(formerly Yugoslavia), Afghanistan, Argentina, Bulgaria, Iran, Iraq, Italy and Portugal were
obtained from the SPII gene bank. Morphologically superior accessions (120 entries) were
screened in seedling tests against two isolates of Ug99 from the Boroujerd and Khuzestan
districts in three replicates. Resistant entries were tested for a second time along with a panel of
resistant common wheats, including Agatha, Amigo, Eagle, Fleming, RL5711 and Sage.
Analyses of variance through parametric (Proc mixed) and nonparametric (Proc npar1way)
methods revealed significant differences in infection types among the germplasm. We identified
putatively novel sources of resistance to Ug99 characterized by infection types ranging through
0, 0;, ;1, ;2, ;1+, and 22+ in accessions from Argentina, Bulgaria, Iran and Italy showing that
landraces stored in national gene banks are potentially rich in new disease resistance genes.
Further work is required to determine their genetics and modes of action.
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Genome-wide search for novel sources of field resistance to Ug99 and other Ethiopian stem
rust races in durum wheat
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Puccinia graminis f. sp. tritici, the causative agent of stem rust in wheat, is known to rapidly
evolve new virulences to resistance genes. Although more than 50 Sr loci have been identified in
wheat, only a few genes remain effective, particularly against the widely virulent race Ug99
(TTKSK) and various durum-specific races. Association mapping (AM) was conducted on 183
elite durum wheat accessions tested over four seasons in artificially inoculated nurseries in order
to identify quantitative trait loci (QTLs) for resistance to Ug99 and durum-specific races. The
panel was genotyped with 1,250 SSR and DArT markers. Twelve QTL-tagging markers with R2
values up to 11.3% were significantly associated with stem rust resistance across three or four
seasons. Whereas some markers were linked to known Sr genes (e.g. Sr9, Sr13 and Sr14), other
significant associations were detected in chromosome regions where no Sr genes had previously
been reported. The allelic variation identified at these novel QTLs provides new opportunities to
deploy marker-assisted selection to improve adult plant resistance to stem rust in durum wheat.
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Evaluation of synthetic wheats for stripe rust resistance in Ethiopia.
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In Ethiopia stripe rust is the most important disease of bread wheat, with the most recent
epidemic recorded in 2010 following breakdown of resistance in the widely cultivated wheat
varieties Kubsa (Attila) and Galama. This exposed a narrow genetic base for resistance. To
broaden the genetic basis of resistance in wheat cultivars, it is important to collect, evaluate and
document new sources of resistance in wild wheat relatives, including Triticum and Aegilops
species. One hundred and ninety seven synthetic hexaploid wheat (SHW) genotypes obtained
from crosses between durum and Aegilops tauschii were screened in two hotspot locations in
Ethiopia, viz. Meraro and ArsiRobe, over two years. Each line was sown in two 1 m rows, with
0.2 m spacing between rows. Cultivars previously demonstrated to produce different reactions
under field conditions in Ethiopia were used as controls. The plots were subjected to natural
infection. Rust severities and reactions were recorded on multiple occasions. About 54% of
SHW lines were resistant to moderately resistant, and 20% and 26% were moderately susceptible
and susceptible, respectively. SHWs possessing resistance are being used in further genetic and
molecular characterization, and in wheat breeding programs.
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Leaf rust and stripe rust resistance genes introgressed from Ae. umbellulata map to wheat
chromosome 5D
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Aegilops umbellulata (UU) is an excellent source of resistance to wheat diseases. Leaf rust and
stripe rust resistance genes were transferred to susceptible cv. WL711 through a bridging cross
and induced homoeologous pairing. Introgression line IL393-4 with leaf rust and stripe rust
resistances was crossed with cv. PBW343 to develop a mapping population by SSD. The F5:6
population segregated for linked leaf rust and stripe rust resistances. The resistances were
separated in 3.8% of progenies indicating that recombination had occurred in the alien segment.
The genes were temporarily designated LrU and YrU. Bulked segregant analysis showed linkage
of the resistance genes with markers Xgwm190 and Xwmc805 on chromosome 5DS. Marker
analysis of the complete population showed that YrU was distal to LrU. Linked genes Lr57 and
Yr40 introgressed from Ae. geniculata (UUSS) were mapped to a similar location on
chromosome 5DS (Kuraparthy et al. 2007; Theor. Appl. Genet. 114:1379-1389). Further
investigation is needed to determine if LrU and YrU are new genes or identical with Lr57 and
Yr40.
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Molecular cytogenetic characterization of a collection of wheat-wheatgrass hybrids
resistant to leaf rust
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More than 50 leaf rust resistance genes (Lr) are formally designated. One important source of
leaf rust resistance genes is Thinopyrum spp. The aim of this study was molecular cytogenetic
characterization of a collection of resistant wheat-wheatgrass hybrids developed at the Main
Botanical Garden. Twenty eight accessions were tested for resistance to 10 Puccinia triticina
isolates. Sixteen accessions were resistant to all isolates and 12 were susceptible to 1-9 isolates.
PCR primers Ag15F4, Ag15R1 and Ag15R5 (Gennaro, 2009) amplified a specific band in the
resistant lines. The PCR-product was cloned and sequenced. The 1,430 bp fragment has a high
degree of homology (97%) to the Lr19 candidate sequence; their open reading frames (ORF) are
the same. A BLAST analysis of a 846 bp fragment did not reveal complete homology to any
known sequence, but had relatively high homology to the sequence of the candidate Lr19 gene.
Four wheat × wheat-grass lines and three of their derivatives were studied using a differential
GISH technique. One chromosome (or chromosome pair) was common to materials resistant to
all Pr isolates, and was not present in any susceptible line. This chromosome presumably carries
a gene or combination of genes conferring leaf rust resistance.
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Genetic diversity for stem rust and stripe rust resistances in wheat landraces
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Wheat landraces from diverse geographic regions are potential sources of rust resistance genes.
Six hundred and fifty two landrace accessions from 54 countries were screened for resistance to
Pgt race Ug99 at Njoro, Kenya, and for resistance to current races of Pst at Pullman, WA, USA.
One hundred and fifteen and 82 landraces were identified as resistant in the field to Ug99 or to
Pst, respectively. Fifteen landraces were resistant to both Ug99 and Pst. The landraces were
genotyped with 72 SSR markers and 6,335 SNP markers covering the wheat genome. Genetic
analysis based on molecular marker data grouped the resistant landraces into clusters in UPGMA
dendrograms and PCA analyses, suggesting that the resistant genotypes are genetically diverse
and are therefore expected to possess different resistance genes. Landraces with resistance to
stem rust and stripe rust have global and regional importance as sources of new and diverse
resistant germplasm.
	
  

Proceedings, BGRI 2012 Technical Workshop, September 1-4, Beijing, China

ISBN: 13: 978-0-615-70429-6

124

Borlaug Global Rust Initiative • globalrust.org

Effectiveness of stem rust resistance genes against a new Pgt race virulent on wheat cv.
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Development and deployment of resistant varieties are essential for third world countries to
safeguard wheat harvests from new races of rust fungi. New sources of resistance need to be
identified and incorporated into well adapted wheat cultivars by breeding. To identify potential
sources of resistance to the new Kiran race, nurseries including Pakistani cultivars and the
Seventh International Stem Rust Trap Nursery for 2011-2012 (7th ISRTN-12) were planted at
seven locations in south Pakistan. Lines possessing stem rust resistance genes Sr2 complex, Sr6,
Sr6+31+36,7a, 8a, 8b, 9b, 9d, 7a, 12, 13,, 14, 15, 37, 24, 24, 26, 27, 31, Sr24+31,
Sr6+24+36+IRS-Am, Sr7a+12+6, 36, Sr36+6, 40, 43, 44, 1A.1R, IRS-Am, Sr24+1RS-Am, Satu,
and Nin were resistant, whereas lines with Sr5, 6, 7b, 9a, 9e, 9g, 10, 11, 16, 17, 18, 19, 20, 21,
22, 23, 25, 28, 29, 30, 31, 34, 35, 38, 1RS-Am, McN, Tmp, and Wld-1 were susceptible. Virulence
on plants with Sr25 and SrTmp are key features of the Kiran race that distinguish it from race
Ug99 and its derivatives.
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