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ABSTRACT

Harder, D. E., McKenzie, R. I. H., and Martens, J. W. 1984. Inheritance of adult plant resistance to crown rust in an accession of Avena sterilis.
Phytopathology 74:352-353.

An accession of Avena sterilis, Canadian Avena (CAV) accession 1387, moderately resistant:l susceptible plants. It was concluded that the adult
which originated from Israel, was susceptible in the seedling stage, but plant resistance in CAV 1387 was conferred by a single partially dominant
resistant in the adult plant stage to six races of Puccinia coronata. Crosses gene, designated as Pc-69. This gene confers effective field resistance to the
of resistant derivatives of CAV1387 with the susceptible A. sativa lines races of P. coronata that occur in western Canada.
RL3069 or Sun II resulted in F 2 segregation ratios of 1 resistant:2

Additional key words: genetics of crown rust resistance, post-seedling resistance.

Accessions of Avena sterilis L. collected from the Middle-East families. The BCF 2 progeny were to be used to analyze the mode of
and North Africa have provided many genes which confer inheritance of the resistance in CAV 1387, but due to extensive leaf
resistance to the crown rust fungus, Puccinia coronata Cda., necrosis the populations were too small for genetic analysis. Then
beginning in the seedling plant stage (5,11,18). Resistance which is eight resistant plants (infection type ;2+), each from a different
effective only in the adult plant stage has also been reported to backcross family from the above test were selected and selfed to the
occur in A. sterilis (5,17), but there is no information on its mode of F 4 generation. In each generation, plants were tested for resistance
inheritance. Adult plant resistance is also a component of in both the seedling and adult stages to obtain plants that were
resistance to P. coronata in some cultivars of A. sativa L. homozygous resistant. Selected resistant F4 plants were then used
(3,7,10,14). The cultivar Victoria contained two factors, Vcl and for further crossing and for tests for resistance in the field.
Vc 3, for adult plant resistance (15), which have been designated as The CAV1387/Frazer BC 1 F4 plants were crossed using the line
genes Pc-27 and Pc-28, respectively (11). Adult plant resistance was RL3069 (Rodney 0*2/C19139//2* Fraser) as the male parent. The
also found in cultivars Santa Fe and Ukraine (16), but it is not line RL3069 is susceptible (infection type 4-4 on the seedling and
known if it is the same as that in Victoria. flag leaves) to the known races of P. coronata, but carries gene Pg-a

This paper describes the inheritance of adult plant resistance in (synonymous with gene Pg-12+) for resistance to P. graminisf. sp.
one accession of A. sterilis. avenae (6). The line RL3069 was used to enable the isolation of P.

coronata from P. graminis f. sp. avenae.
MATERIALS AND METHODS A further cross using one of the eight above parental lines was

made using the cultivar Sun II as the male parent. Cultivar Sun II
Test races of P. coronata. The virulence characteristics of the six reacts with infection type 4 to the known races of P. coronata in

races of P. coronata used in this study are shown in Table 1. The both the seedling and flag leaf stages.
races are designated by Winnipeg accession (CR) numbers, and the In all tests, the F2 progeny from the above crosses were grown in
equivalent "standard" race numbers (12) are included for a growth cabinet at 18 C and an 18-hr photoperiod. The flag leaves
comparison. were inoculated with fresh urediospores of race CR46 of P.

The A. sterilis parent. Accessions of A. sterilis were initially coronata, the plants were incubated overnight at 100% relative
screened with races CR12 and CR37 in the seedling stage and with humidity, then continued growth in the growth cabinet as above.
CR25 in the adult plant stage. All adult plant tests were carried out The infection types were scored 14 days after inoculation.
by inoculating and evaluating the flag leaves for infection type (13). The chi-square test was applied to determine goodness-of-fit to
The plants were grown in a greenhouse with an 18-hr photoperiod theoretical segregation ratios. The original CAV1387 parent and
at a mean temperature of 20 C. One accession, Canadian Avena the recurrent parents were included as controls in all tests.
(CAV) accession 1387 (which originated from Israel), was
susceptible in the seedling stage and resistant in the adult stage. In
subsequent tests with races CR 12, CR37, CR25, CR20, CR32, and TABLE 1. Key to the isolates of Puccinia coronata used to screen for adult
CR46 in the seedling and adult plant stages, the plants were plant resistance in Avena sterilis and to test segregating populations of A.
uniformly susceptible in the seedling stage and resistant in the adult sterilis accession CAV1387/A. sativa crosses
plant stage to all six races. The resistance was expressed as a ;2 (13)
infection type. Accession CAV1387 was then used in crosses to Winnipeg Standard
study the inheritance of the adult plant resistance. accession race

Crossing and analysis of progeny. The A. sterilis accession no. no.a Effective/ineffective host resistance (Pc)b genes
CAV 1387 was used as the female parent in an initial cross with the CR12 264 38,39,45,46,47,48,50,54,55,56,62,63/35,40
cultivar Fraser, which is susceptible to the known races of P. CR20 295 35,38,39,40,45,46,47,48,54,55,56,62,63/50
coronata (infection type 4-4 on the seedling and flag leaves). The CR25 305 35,38,50,56,62,63/39,40,45,46,47,58,54,55
F, plants were backcrossed to 'Fraser' to produce 93 backcross CR32 210 35,38,39,40,45,46,47,48,50,54,55,56,62,63/

CR37 239 35,38,39,40,45,46,47,48,50,54,55,62,63/56
The publication costs of this article were defrayed in part by page charge payment. This CR46 326 35,38,39,40,45,46,47,48,50,54,55,56,62,63/
article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. § aSimons and Michel (12).
1734 solely to indicate this fact. bThe Pc-genes in this table, all derived from A. sterilis (Simons, et al 11), are

©1984 Department of Agriculture, Government of Canada used to identify the Winnipeg (CR) isolates of P. coronata.
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TABLE 2. Segregation for resistance to race CR46 of Puccinia coronata of changes in the pathogen population (8,9). The effectiveness of gene
F2 populations from crosses between, Avena sterilis accession CAV1387- Pc-69 and its ease of transfer make it a good candidate for
derived resistant lines (CAV1387/A. sativa Fraser BCIF 4) and the combination with other seedling resistance genes to provide an
susceptible A. sativa line RL3069 or Sun II enhanced broadly-based resistance to crown rust.

Infection type and
no. of plants LITERATURE CITED

Crosses ;12 3-3 3+4 Ratio P 1. Green, G. J., and Campbell, A. B. 1979. Wheat cultivars resistant toCAV1387-derivatives/ RL3069" 205 437 235 1:2:1 0.30-0.50 Puccinia graminis tritici in western Canada: Their development,
CAV1387-derivatives/Sun 11a 32 54 29 1:2:1 0.70-0.80 performance, and economic value. Can. J. Plant Pathol. 1:3-11.
aThe results involving RL3069 are summarized from crosses with eight 2. Hare, R. A., and McIntosh, R. A. 1979. Genetic and cytogenetic studies
CAV1387/ Fraser derivatives and those involving cultivar Sun II are from of durable adult-plant resistances in 'Hope' and related cultivars to
one of the above derivatives. wheat rusts. Z. Pflanzenzuchtg. 83:350-367.

3. Heagle, A. S., and Moore, M. B. 1970. Some effects of moderate adult
resistance to crown rust of oats. Phytopathology 60:461-466.

RESULTS AND DISCUSSION 4. Knott, 0. R. 1982. Multigenic inheritance of stem rust resistance in
wheat. Crop Sci. 22:393-399.

The progeny from the crosses of all eight resistant lines (derived 5. Martens, J. W., McKenzie, R. I. H., and Harder, D. E. 1980. Resistance
to Puccinia graminis avenae and P. coronata avenae in the wild andfromult CaVle 1 raser) wit su Lmary segreigated crosesi y ahe progencultivated Avena populations of Iran, Iraq and Turkey. Can. J. Genet.

results (Table 2) are a summary of all eight crosses. The progeny Cytol. 22:641-649.
segregated into three classes in a ratio of 1-resistant (infection types 6. Martens, J. W., Rothman, P. G., McKenzie, R. I. H., and Brown, P. D.
;12):2 moderately resistant (infection types 3-3):l susceptible 1981. Evidence for complementary gene action conferring resistance to
(infection types 3+4) plants (P = 0.30-0.50). If the resistant and Puccinia graminis avenae in Avena sativa. Can. J. Genet. Cytol.
moderately resistant classes are combined, the resulting 23:591-595.
segregation was 652 resistant:235 susceptible plants, which is a 7. Peturson, B. 1944. Adult plant resistance of some oat varieties to
good fit to a 3:1 segregation ratio (P = 0.50-0.70). These results physiologic races of crown rust. Can. J. Res. 22:287-289.
indicate that the resistance is conferred by a single partially 8. Samborski, D. J. 1977. Mutants with improved resistance: Their
dominant gene, with the heterozygous plants accounting for the recognition, identification, and distinction from outcrosses. Pages 431-

436 in: Proc. Symp. Induced Mutations Against Plant Diseases. 31intermediately resistant infection types. January-4 February, Intl. Atomic Energy Agency, Vienna.
The cross of one of the resistant parents, which had also been 9. Samborski, D. J. 1984. Leaf rust of wheat. In: The Cereal Rusts. Vol. II.

crossed with RL3069, and with cultivar Sun II also resulted in an F 2  A. P. Roelfs and W. R. Bushnell, eds. Academic Press, New York.
segregation ratio of 1 resistant:2 moderately resistant: 1 susceptible (In press).
plants (P = 0.70-0.80, Table 2). Combining the resistant and 10. Simons, M.D. 1955. Adult plant resistance to crown rust of certain oat
moderately resistant classes resulted in 86 resistant:29 susceptible selections. Phytopathology 45:275-278.
plants, which is an excellent fit to a 3:1 segregation ratio 11. Simons, M. D., Martens, J. W., McKenzie, R. I. H., Nishiyama, I.,
(P = 0.90-0.95). These results confirm those from the RL3069 Sadanaga, K., Sebesta, J., and Thomas, H. 1978. Oats: A standardized
cross, and it is concluded that the adult plant resistance in system of nomenclature for genes and chromosomes and catalogue of

38scydoinant gene, which 1genes governing characters. U.S. Dep. Agric. Handb. 509. 40 pp.CAV1387 is controlled by asingle partially12. Simons, M. D., and Michel, L. J. 1964. International register of
has been designated as Pc-69 (M. D. Simons, personal pathogenic races of Puccinia coronata var. avenae. Plant Dis. Rep.
communication). 48:763-766.

Progeny (F 4) from the original CAV 1387/Fraser cross and the 13. Stakman, E. C., Stewart, D. M., and Loegering, W. Q. 1962 (revised).
subsequent cross with RL3069 were grown in inoculated field Identification of physiologic races of Pucciniagraminis var. tritici. U.S.
nurseries at Glenlea, Manitoba, during two growing seasons. In the Dep. Agric., Agric. Res. Serv. Bull. E 617. 53 pp.
field, plants carrying gene Pc-69 showed a characteristic ;12 14. Theis, T., Murphy, H. C., Simons, M. D., Calpouzos, L., McVey, D.
infection type with a small sharply defined area of yellowish-white V., and Porter, F. M. 1961. Oat varieties with adult-plant field
chlorosis around the pustules. In the field tests, the plants were also resistance to race 264 of the crown rust fungus. Phytopathology
subjcts around the prevailin turales Intheeld tests te plants we ao 51:303-305.subject to the prevailing natural inoculum of P. coronata, and no 15. Upadhyaya, Y. M., and Baker, E. P. 1962. Studies on the inheritance or
susceptible-type pustules were observed. In greenhouse tests, rust resistance in oats. II. The mode of inheritance of crown rust
inoculation with races CR13, 20, 32, 37, and 46 usually produced resistance in the varieties Landhafer, Santa Fe, Mutica Ukraine,
;2+ infection types, while CR25 produced the somewhat less Trispernia and Victoria in their crosses with susceptible varieties. Proc.
resistant 2+3 infection types. Although the complete range of Linn. Soc. N.S.W. 87:200-219.
resistance conferred by gene Pc-69 is not known, the results to date 16. Upadhyaya, Y. M., and Baker, E. P. 1965. Studies on the inheritance of
indicate that it is effective against the prevailing races of PA rust resistance oats. III. Genetic diversity in the varieties Landhafer,
coronata in western Canada, indicating a relatively broad range of Santa Fe, Mutica Ukraine, Trispernia and Victoria for crown rust
resistance, resistance. Proc. Linn. Soc. N.S.W. 90:129-151.

tresistance. 17. Wahl, I. 1970. Prevalence and geographic distribution of resistance toAdult plant resistance has been an important component of leaf crown rust in Avena sterilis. Phytopathology 60:746-749.
and stem rust resistance in wheat (1,9). The inheritance of this type 18. Wong, L., McKenzie, R. I. H., Harder, D. E., and Martens, J. W. 1983.
of resistance may be either simple (2) or complex (4) and tends to be The inheritance of resistance to Puccinia coronata avenae and of floret
quite durable, although its effectiveness may also be subject to characters in Avena sterilis. Can. J. Genet. Cytol. 25:329-335.
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