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Abstract

The main focus of our crown rust resistance discovery efforts is to reduce the likelihood of gene defeat thereby
achieving greater durability of resistance. Our strategy is multifaceted and includes a “pan-American” preliminary
resistance evaluation of parental candidates, with sites in Parana Argentina, Ontario Canada, Aberdeen, Idaho, and
Minnesota. A combined summary of representative data over years and locations will be presented. Another focus of
our efforts includes selecting materials with enough resistance to protect the crop while avoiding the materials with
infection types indicative of complete or major gene resistance. In addition, we are favoring adult plant resistance over
seedling reactions, especially in the evaluation of progeny from selected parental pairs. Specifically, we are
collaborating with the USDA-ARS at Aberdeen, Idaho where field screening with controlled inoculation of adult plants is
used to screen progeny from crosses between selected parents. Parental pair selection is based on a co-variance
analysis of parental candidate reactions when exposed to isolates of crown rust collected annually in the Upper
Midwestern United States. Resulting progeny families should contain segregants with the broadest genetic base of
crown rust resistance and thus be less vulnerable to gene defeat thereby providing maximum durability of their
resistance.

Introduction

A large number of single major crown rust resistance genes have been defeated during the time since the inheritance
of such genes was first reported about 100 years ago. Since the year 2000, several important resistance genes have
been defeated, most notably Pc 68, which was a major source of oat crown rust resistance, especially in much of the
Canadian germplasm. In Minnesota, two releases, Starter and Premier, were earlier victims of gene defeat. Starter
was quite widely grown in the late 1980s before it succumbed, but Premier never really occupied much commercial
acreage even though its kernel quality was truly outstanding.

Materials and Methods

Because of our gene defeat experiences, we began, in the mid 1990s, to intentionally avoid selecting progeny which
appeared to have only single major gene crown rust resistance. More recently, we have begun an approach to
combine genetically different sources of resistance including genotypes with incomplete resistance. We have also
begun to focus on adult plant reaction in a further effort to reduce gene defeat.

In this poster, we illustrate several segments of our current approach, beginning with a Pan-American initial
screening of parental candidates. Our primary sites for such evaluation are in Ontario Canada, Parana Argentina, and
Minnesota. Genotypes doing well in at least two of these locations have promise of a broad genetic base for their
resistance (Table 1).

These candidates are then exposed to insolates collected the previous growing season (this approach keeps a
moving target) and scored individually for each candidate-isolate reaction (Table 2). A covariance analysis is then
performed with negative values for parental pairs indicating dissimilar genetic basis for resistance for the two parental
candidates and positive values indicating more closely related genotypes for crown rust resistance. Some such results
are given in Table 3.

In January 2008, Adolar Freitag began his M.S. research to evaluate the progeny from a series of selected crosses
which has a range of covariance from —.59 to +.76 to begin testing whether families with negatively “correlated”
parents produce different kinds of progeny for crown rust reaction than do positively correlated parental pairs. His
research area is shown in Figure 1. In conclusion, everyone on the Wednesday PM field tour is invited to visit his plots
as the concluding stop on the tour.
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Table 1. 2006 Fall Greenhouse Crossing Block Parents.
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Rosemount = Rosemount, MN, planted next to wild buckthorn bushes; E Can Nursery = 3
locations in Ontario, Canada; BT = MN Buckthorn plot at St. Paul, MN; AR = Parana, Argentina

Table 2. Covariance matrix of rust reactions of parental candidates and CR isolates collected

in Upper Midwest in summer 2005.

1 2 3 4 s 6 7 8 9 0 m w  ow w s % w
lkolate  04AR4134 MNOBLOL MNOBL07 MNOS120 MNO123 MNOG130 MNDGL31 MNDG147 MNOS236 MNOG206 MNOGZ07 MNOG20B. MNOG10 MNDG2LL MNOG213 MNOG219 MN0G220.
OSMNDBuK 15 R HR PR FR  2SHR PR Ms MR HR MR MR R 1SR HR MR HR
2SR HR MR HR S HR MR MS  ISWR Ms ISR 3SHR MR MR HR HR R
H HRHR s WA WR s sHR R W W R HRHR MR R
is HR W HR R HR R HRBR MR MR R MR HR HR MR
saSR MR MR MR s 1SR W MS MR R R R R HR HR MR R
GIMRR MR HR  HR  HR MR R HRBR MR MR R MR HR MR HR
7s HR MR HR S HR MR MS  2SHR MR HR HRWR MRS
HR MR FR PR MR HR MR 2SHR R ISAR ISHR ISR HR KR HR R
QSR MR MR HR MR MR PR MR HR MR R HRHR  HR R
wMs  Ms MR FR s R W Ms s R s s MS  HR  ER MR R
s HRWR  HR NS MR HR R BRBR R R R HR O HR MR R
s HR MR HR NS MR MR MR R R MR R HRHR MR MR
BMS MR MR MR NS MR MR MS  3SMHR R HR 3SHR WR MR HR MR R
uMs MR MR MR s MR R R 1SHR HR  HR MR MR HR  HR MR
165 R R R R HRHR MR WR W HR R HR O HR MR R
UHR MR MR HR S HR MS  2SHR MR MR HR R HRWR MR R
1 HR MR FR PR MR ISHR Ms  HR R W R HR R FR MR
12SHR HR  HR MR MR MR MR HR MR R HR MR HR MR R
WRR HR MR 2MRAR MR MR 3SR MR HR R R HR R MR R
2Ms MR MR MR MR MR MR MR 2SHR HR MR R HR MR HR MR HR
2R HR MR HR MR MR PR Ms MR R HR -
z5s MR WR  HR MR HR W R SHR R IMRHR MR MR ISHR HR MR R
2uR MR MR HR  BR MR MR MR R MR R -
BMs R W HR s HRHR s sHR R W W R HR O HR MR R
1SR MS MR MR MS MR MR MR s R HR i HRHR MR R
2 R W Ms MR MR MR 3SHR R HROHR MS MR FR MR MR
2MR R ISHR MR MR MR MR R MS 3SR MR R HRHR MR R
2R HR MR AR Ms MR PR Ms  3SAR MR MR W R HR R MR R
R MR MR HR MR MR HR  MS  SSHR HR MR HR W WR  WR MR R
R R HR ER R R R R WRER PR FR PR R HR R MR MR
3SR MR HR KR MSHR MR MR R R R R R R HR O HR MR HR
ES MR MR ISHR MR MR MR R BR O BR MR PR R MR MR MR W
ur - WR W Ms R W W WR R HRHR MR HR
BHR MR MR MR MR MR R R BR . BR MR PR R MR MR MR W
wasHR HR MR MR MR MR MR R R R R R HROHR BR HR MR
BR HR MR HR R W R WRHR R MR MR R HRHR MR HR
e HR MR AR HR  ISHR PR MR 3sAR HR MR HR R RO W
38R W HRWR W R WRWR MR R R WRWR MR HR
2R 1SHRHRER R HRWRR R - HR R MR R
5 HRHR NS HR  HR  MS  3SHR MR HR HR  WR  WR  HR MR R
iR ISHR MR MR MR MR MR R SR HR R R R HRHR MR R
6 R W R s 1SHR MR HR HR MR WR  HR MR R
ar HR MR HR  2SHR MR 1SHR R 2SHR BR MR MR 3 -
s HR MR HR S W MR MR MR MS  ISHR MR HR S
R MR MR HR NS MR PR S aSHR MS MR HR R R W R

Rows are isolates; columns are parental candidates; reaction types are converted to numerical

scores: HR=5,R=3,MR=1,MS=-1;S=-3

Table 3. Abbreviated listing of ranking of covariance values
for rust reactions of parental-isolate matrix; neg. values
indicate parents that are dissimilar and pos. values indicate
parents that are similar for rust resistance.
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12007 Ab rust reaction on remnant F, plants grown in
Aberdeen, ID, inoculated in field as adult plants

2Stem rust reaction of parents taken in April 2007 in Baton
Rouge, LA

3Populations sent to NZ for off-season increase (those not
included in thesis because of bad stem rust in N2)
4Populations included in Freitag thesis boxed

Figure 1. Field layout of Freitag thesis.
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