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ABSTRACT

INHERITANCE OF RESISTANCE TO Pucecinia coronata avenae

IN FOUR COLLECTIONS OF Avena sterilis

F. A. Kiehn

The inheritance of resistance to oat crown rust Puceinia coronata
Corda f.sp. avenae Erikss..was studied in four collections of Avena
sterilis L., three of these were from Israel (CAV 4963, CAV 1358,vand
CAV 1376) and one from Algeria (CAV 1964). Tests with crown rust races
- 264 (3 isolates),-203 (2 isolates), 295 (2 isolates), 211, 239, 259,
305 and 326 (one.isolate each) on'F2 backcross families, indicated a
siﬁgle recessive gene (Pc-55) in CAV 4963 conditioned resistance to allv
_crown rust isolates tested. Pc-55 conditioned resistance in adult
‘plants to four of the five rust cultures used, but was susceptiblebeo
race 305.‘ A'single‘dominant gene (Pc-56)-in‘CAV'1964 conditioned re-
sistancerto'ail the crown rust isqlates,except race 239, while a second
deminant geﬁe cohditioned.resistance fo only two of the twelve cultﬁres

-used. Pc-56 tested to five rust cultures conditioned ‘the same resis- -

tance in thevadult.plants as in the seedling. The inheritance of re-
'sistance in CAV 1358 and CAV 1376 was complex.. From field studies and
. seediipg tests it‘appeared that the resistance in these coliecfiens was
Hconditioned by a'number of iecessive minor additiVe.genes

The genes Pc-55 and Pc—56 were not a11e11c with the genes Pc-35

- Pc-38, Pc 39 Pc-40, Pc-45 Pc 46 Pc-47 Pc 48 and Pc-SO
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CHAPTER 1




INTRODUCTION

Crown-rust, Puccinia coronata Corda. f.sp. avenae Erikss.
has long been considered the most important disease attacking cultivated
oats Avena byzantena C. Koch., and Avena sativa L., in North America
(Coffman et al. 1961). It occurs to some extent almost everywhere oats
are grown, but is most serious in humid areas. Control of crown rust has
‘been of great economic importance'in the major oat producing areas of
Canada and the United Statee. At present.the most feasible means of con-
trol appears to be the development of resisrant cultivars..

‘Breeding oats for resistance to crown rnsf has been very difficult
becauSe.of the high degree of specialization and the broad virulence spec-
trum exhibited by thebpathogen. The prevalence and disrribution of dif-
ferent crown rust race groups in North‘America'ha$>been influenced by the
change-over frem susceptible to resistant cuitivars The release of cul-
tivars w1th new crown rust resistance resulted in selection pressure for
new or previously unidentified rust races capable of aggressively attack-
ing.the‘new-previonsly resistant hosts. As-the acreage of these cultivars
increased so did-thernew races thaf‘couid attack them. - o

Stevens and Scott (1950) polnted out that a given oat cultlvar had

an average life of four to five years. ‘and ranged from one to 12 years

1nd1v1dua11y.' This, therefore, creates a recurring need for new resistant
cultivars (Murphy et al. 1967). " 0Oat cultivars'with single.gene'crown

'rusf resietancefhave_remained resistant fervdnly a}limited'number of years
when grown over a large area. 'Therefbre,»different waysvof'using resis-
tance genes have been proposed and some have already been put into- effect.

Mu1t111ne and multigene cultlvars have been suggested for the conservatlon;




of reéistance genes. Regional deployment of genes has also been propésed
for oat crown rust and wheat stem rust (Browning and Frey 1969; Browning
et al. 1969; Knott 1971). These programs would require a substantial
number of resistance génes to be effective.

It has been recognized for many years that noncultivated species of
oats might furnish new sources of crown rust resistance. Therefore, it -
was necessary to search among thg wild relatives of oats in order to
build up a supply of genes for resistance to crown rust. Crown rust re-
sistance has been found in diploid and tetraploid spécies of Avena. (Murphy
et al. 1958; Simons et dZ.-1955; Marshall and Myers 1961). The crosses
between ploidy levels, to transfer rust resistance of diploid and tetra-

- Ploid species to hexaploid oats, were easily obtained, but often the
resulting P1 andllater generations were highly sterile (Sadanaga and
Simons 1960). Gene transfer to higher ploidy levéls has usually not been
:SUCCessfﬁl.

Avend sterilis L., indigenous to the Mediterranean region, is wide-
~ spread and CQmpriﬁes many different ecotypes (Simbns et al. 1962). A.
aterilis is believed to be the w11d or primitive form of hexaploid oats
from whlch the cultlvated oats were derived. It should have some rust
resistance since at least three species of Rhamnus, which serve as alter-

nate hosts of P, coronata, are present in the area. The presence of

Rhamnus spp. permits the occurrence of sexual recombination with the re-

»Sﬁlting production of a variety oflphysiological'réces and thé consequent
 accumulation of resistance genesbin’the general host as a result of

| natural selectlon (Wahl et al. 1960; Dinoor and Wahl 1963) Good crown}

rust re51stance has been found in many A. sterzlzs (wild oat) collectlons

 (Wahl et aZ.»1960). McKenzie and“Fleischmann (1964) and others have 




conducted genetic studies on the inheritance of crown rust resistance
in A. sterilis, and have isolated and described useful genes.
The present study was undertaken to investigate the inheritance of

crown rust resistance in each of four A. sterilis collections. These

four were among the very best of several hundred cdllections screened in
Puerto Rico, Texas and in Manitoba for resistance to crown rust, parti-
cularly to race 305, which is virulent on most of the known sources of
resistance. Crosses were made to study the mode of inheritance and to

determine if resistance genes present in these collections were similar

to or allelic to others previously isolated from A. sterilis. It was
hoped that additional:uséful crown rust resistance genes would be found.
Observations were also made on some of the undesirable characteristics
present in A. sterilis, to determine if they are linked to the resistance

' genes.
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LITERATURE REVIEW

2.1 Rust Physiologic Race Differential Sets and Host-Parasite Inter-

action Descriptions

The phenotype or 'infection type', ranging from immunity to full
susceptibility,.producéd in a host-parasite interaction is determined
by the genotypes of the interactants. Stakman and Levine (1922) estab-
lished a uniform system of classificétion of reaction types for Puceinia
graminis f£.sp. tritiei Erikss. and Henn. Murphy (1935) adopted their
classification for the purpose of identifying Pucciﬁia eoronata var.
avenae races. The infection type designations used by crown rust workers
are:

(@) or ~ (0)

immune - no indication of infection,

(0;) - nearly immune - no uredia, hypersensitive
. flecks present, '

‘(1) - highly resistant - uredia small, dlStlnCt
necrotlc areas surround pustules,

(2) - moderately resistant - uredia small to
medium surrounded by distinct chlorotic
or necrotic borders,

(3}‘-rmoderate1y susceptible - uredia medium in

'size, some ch10r051s may be present, no
. mecrosis,

(4) - very susceptible - abundant large uredia
without necrosis or chlorosis.

Kufphy»(lQSS), had designated 13 cultivars as the first standard set of
diffbréntial cultivars for the identifiéation of oat crown rust races.
This set included Raukura;»Gieen Russian, ﬁawkéye, Anthony, Sunrise;
Vicforia,'Green Mountéin,-White Tartar, Appler, Sterisel,_Belar,iBond and

Glabrota. It.was used to identify crown rust races 1 to 113. - (Murphy |




1935; Simons and Murphy 1955). The set lost much of its usefulness be- -
cause it did not relate adequately to the host population and did not
differentiate new important races. In 1955 Simons and Murphy (1955) in-
troduced the use of a new set which consisted of Antheny, Victoria,
Appler, Bond, Landhafer, Santa Fe, Ukraine, Trispernia, Bondvic and Saia.
Races differentiated by tﬁis set were given numbers starting with race
201 to prevent confusion with the original race numbers on the old set.

.Simons (1954,_1955)'fbund'ihat oat cultivars which ehowed differ-
ences in degreerf infection‘to crown rust with temperature, showed more
infection at higher than at lower temperatures. Futrell and Rivers (1955)
found that some varieties were more resistant wheﬁ grown at 65°F than at
85%F. With some varieties Susceptibility increased when higher light
intensities and longer daylengths produced healthiei plant growth.

: Zimmer and Schafer (1961) showed that-when the cultivar Glabrota
-inoculated with race 263 the redctien, type changed from.a resistant type
0 atA15°C to a type 3 at 27°C} Glabrota Qas ﬁniformly resisfant to races
203 and 295 ét both temperatures. Saari and Moore (1962) tested several _
isolates~pf crown rust_againstigs oat»cuitivars at temperatures (180, |
240 énd.30°C) and resietaﬁcevchanged‘te susceptibiiity with one or mere

isolates on 41 of the 95 cultivars. Gassner (1927,'35 reviewed by Simons

1970) found that,pustule_fermation:on,plants was greatly reduced at re-
duced iight intensity. Thefefore,-duringvthe wintef:it’was necessary'tb
supplement the naturei daylight to secure normal. reaction.

Unti1-1966~ali the‘identified”genes fbr’crown.rust resistance had
been named in a haphazard fashion (Simons et al. 1966). Some genes were
even de51gnated w1th two different symbols by two different 1nvest1gators

and so, 1nu1966, a committee_on Oat Gene Nomenclature, app01nted-by the




National Oat Conference, developed a standardized system of nomenclature

for genes governing characters of oats. The symbol Pc, for P. ceoronata,
followed by an Arabic numeral, was assigned to the different genes that
had been identified in inheritance studies.

John H. Parker,.at Cornell University in 1920, apparently was the
first to preseﬂt the results of a.study of the inheritance of disease
résistance in oéts (Coffman et al. 1961). Parker inoculated the progeny
" of the‘resistant variety Burt crossed to the susceptible variety Sixty
Day ﬁith unidentified races of crown rust (Murphy and Coffman 1961).

The data did not easiiyAfit any common genetic ratio, so he concluded
that the resistance was cbnditioned by multiple factors, wifh suscep-

tibility partly dominant.

2.2 Resistance Genes Present in Cultivated Oats

2.2.1 gggigj,

Davies: and Jones (1927) reported on the inheritance of réSiétaﬁcé
in;Red Rustproof. The F2 énd F3 progeny of a cfoss with the susceptible
'Scotch Potato oats were tested to both a pure culture of rust and pos-
~sible mixed raCes of rust. They found that resistance was éonditioned
by a single partially dominant factor. Dietz and Murphy (1930) using -
--race-3-also detérmined that-a single‘dominant.géne in Red Rustproof; '
which‘they'designated "S",‘conferred‘réSiStance. In 1966 the gene was

assigned‘the standardized syﬁbol of Pc-1 (Simons et al. 1966).

2.2.2 Pc-2, Pc-11, and Pc-12

' Murphy;and*stanton (1930) reported that Victoria C.I.2401, an in-

troduction from South'America had a high level of resistance to oat crown




rust. Murphy et al. (1937) in the cross Victoria x Lee obtained a ratio

of 1 resistant:2 intermediate:1 susceptible using crown rust race 1 indi-
cating that Victoria possessed a single partially dominant gene for resis-

tance to this race. Weetman (1942), Cochran et al. (1945) and Litzenberger

(1949a) aléo foﬁnd the Victoria resistance to race 1 and 45 was simply'in-
herited. Murphy and Meehan (1946) reported that a single gene conferred
resistance to crown rust race 45 in eight different varieties, each of which
‘derived its resistance from Victoria. They found that all the crown rust

resistant progeny were susceptible to Victoria blight (Helminthosporium

vietoria M. and M.), while the crown rust susceptible progeny were resis-
tant to H. victoriae. From this and other experiments it was believed
that resistance to H. véctbriae and susceptibility to crown rust were
apparently controlled by the same single gene or two very tightly linked
geneé. ; |

Pqehlman and Kingsblver (1950) reported'fhﬁt they tested selected

FlO lines of the cross Columbia x Victoria-Richland and the reciprocal

cross and obtained an intermediate reaction type to races 1 and 45 on some
lines that had good resistance to Victoria blight. No indication of broken

ilinkage‘was found by Finkner (1953) between the Victoria type hypersensi-

~ tive reaction to érown rust and susceptibility to H. vietoriae, in F3

populatioﬂs'of five crosses. His results also showed that non-allelic

_factors for resistance to crown rust, obtained from crosses with other

’resistantfvarieties; had no effect on the susceptibility to Victoriatﬂight.

Welsh et al. (1954)'Se1e¢ted plants from a Garry cross with resistance
derivéd.from the variéty>Victoria which fell into three disease»ieaction
classes. | |

' The first class was the "Victoria" type hypersensitive resistance in -




which the lines were resistant to all the races of crown rust studied
- but were susceptible to Victoria blight. Simons et al. (1966) gave this
resistance gene the symbol Pc-2.

In the second class were the lines resistant to Victoria blight and

susceptible to crown rust races 4, 5, 34A and 57 but resistant to races
1, 2, 3, 6, 24, .34, 38 and 45. These lines had a dominaﬁt gene which was
designaéed Pc~11 (Simons et al. 1966).

The third class contained lines resistant to Victoria blight and

susceptible to all crown rust races studied. It is not clear why this

was considered to be due to anything other than the absence of genes Pc-2
and P-11, but this susceptibility was designated the symbol Pc-12 by Simons
et al. (1966).

.According to Welsh et aql. (1954) Pc-11 was epistatic to Pc-12 which

in turn was epistatic to Pc-2.

2.2.3 Pc-24, Pc-25, Pc-26, Pc-27, and Pc-28

Upadhyaha and Baker (1960) also studied the inheritance of crown rust
resistance in Garry. 'Their studies have shown that Garry comprised a
heterogeneous mixture of resistant genotypes. Results with races 203’

>»226 237 and 286 showed that six factor pairs were concerned with crown.

rust resistance and these were in three linkage groups. In one group Vca

and Vcb were complementary dominant genes conferring seedling resistance

and have been reassigned the standardized symbols Pc-24 and Pc-25 By

Simons et al. (1966). Vcl,'reaseigned-Pc-27,vconditioned only adult plant
. resistance. In group 2,"Vc2 conditionedeseedling.and adult plent resis-
tance but this gene was: inhibited by Iv;:é which was linked 10 cross-
_over units fromlvcz, |

tiVely. Vcsflatef,assigned.the number Pc-28 was an independent dominant

These genes were assigned Pc-26 and I-Pc-26 respec-




gene for adult plant resistance.

2.2.4 Pc-3, and Pc-4

Bond, produced in Australia from the éross Red Algerian x Gold Rain,
was introduced into the United States in 1929 (Welsh et al. '1953) and
has been studied by several investigators to obtain information on the
inheritance of its crown rust resistance.

Hayes et al. (1939) studied'the_crown rust reaction of unidentified
races in crbsses of several susceptible oat varieties with Bond. Onvthe

basis of a 9 resistant:7 susceptible segregation they concluded that Bond

possessed two dom1nant complementary genes for re51stance Weetman (1942)

obtained 51m11ar results using race 1. The two genes have been designated -

Pc-3 and Pc-4 (Simons et al. 1966).

_Torrie (1939) tested the progeny of fhe cross Iowa 444X Bond with
iaces, 1, 7, 46 and a mixture of these races on both seedlings and adult
plants. The results suggested two genes, oné being an inhibitor which
partly masked the effect of the resistance gene. The resistance gene
appeared to be inhibited to a greater degree in the mature plant stage

than in the seedling stage. Th¢ seediing reaction indicated a partial
dominance of resistance whereas the mature plant-reactiOn in the field

showed a partial dominance for suséeptibility.

2.2.5 Pc-3c, Pc-4c, Pc-6¢, and Pc-9

Ukréine (Russia No 7, Mutica Ukraine), introduced into the United
States in 1930, was found to be highly resistant to some blotypes of
crown rust that parasitized Bqnd (Murphy 1938). Weetmanf(1942),,fbund
‘ that.the ﬁkraine resistance to race 1 was due to two dominant complémen—
téry'geneé which are probably allelic to. the éompiémentary:Bond geneS

for crown rust resistance. These genes were assigned the symbols Pc-3¢c -




and -I.’c—4c (Simons et al. 1966).

Finkner (1954) concluded that Ukraine resistance to race 57 is con-
trolled by duplicate doﬁinant linked genes when he tested the progenies of
the cross Clinton x Ukraine. Each of these genes was capable of producing
the Ukraine immune type reaction. The genes were designated 'M' and 'V!'
which were designated Pc-6c and Pc-9 by Simons et al. (1966).

Rust tests by Sanderson (1960) indicated that a single dominant gene

in Ukraine governed resistance to races 202, 202A and.213, while a differ-

ent dominant gene controlled resistance to race 263. Saﬁdérson'explained
the difference in his results compared to those of Finkner onvthe basis
that the original Ukraine stock was not homogeneous for crown rust reac-
tion. Therefore, two genetically different plants could have been used

as parents in the two investigatidns.

2.2.6 Pc-5, Pc-6, Pcf7, Pc-8, Pc-9¢, and Pc-21

Landhafer‘and Santa Fe were introduced from South America into the
United States in 1938 and 1945, respectively. Litzenberger (1949b) con-
dugte& a genetic study of crown rust resistance in these variefies with

‘¢r6wn rust races lvénd 45. The data indicated one dominant gene present
in each of the two varieties. :Theseigenes were designated'Pc;Sfin Land-
- hafer which gave a 0 to 1 reaétion and Pé-6 in Santa Fe which gave ao
‘reaction to crown rust. | ,

~ Finkner (1954) and Upadhyaya and Baker (1962), obtaine& fesults with
other rust races which confirmed Litzenberger's-reSultsf_ |

Osler and Hayes (1953) obtained results indicating thét thiee gehes
iﬂ'Santa'Fé.cqnferred résistance'to race 45 and 57. Two of the genes:

,'were,c¢mp1ementary‘and were designated as‘P§-7 and Pc-8 (Simons et al.

10




-1l

©1966). “Simons-and %’Mq:gp'hy (1954) ;«,alei.eport--e,d the ‘Santa ‘Fe type f;of.:res__i:st_anée |
‘to races 45 and 101'wés-contrQ11ed*byftwo'linked'genesiwifhva-recomﬁina-
*fionyvalueféf»about:23%. :Linked«to :Pc-6, the :second .gene 'U' has been
-assigned the 'symbolPc-9c.

, Chang (1959) qbserved;a,genehin,Santaer,;designated 187, -which
conferred resistance to crown rust races 203, 216 aﬁd 253; this was

“later ‘renamed Pc¥211(Simons&et'dZ._1966).

#2927 Pe<6d, vand"Pc-2c

"Finkner (1954) described-one ‘partially dominant gene in’Trispernia

+and ‘Anthony~-Bond -x Boone ‘that :conferred resistant to-race:;54, :which-had

A

“Pe-6d. A second partially dominant gene in Anthony-Bond x Boone, con-

<originally been designatedvas ‘'M ', which has since been:redesignated

errringﬁﬁesistantetoﬁraﬁe?57,%uas%designaté632c42c1{Fiﬁkner;l954;fSimOns
'Set,aZ.é1966).j“ThéresiStance:réaétiOnftypexinthiSperniaﬁiS%mone'Often

}1wor§2wWhileginQLandhaferaannganta;Ee@it;is;0 pr 1,

12.2.8 -,_4Pc-“10., Pc-13, and iPC-lo
*-?Thev:,inheri’cancé : O'f'}’;;'r-;eaCtion .to crown /rust race:57was ',»s‘\'gud,:.'.t;-.,_ézd»‘in'-:th;e
créSs“KleinZGQB'x’CIiﬁton'and”the’fesﬁlts indicated one dominant ‘gene for
‘resistanqe, Pc=10 from Klein 69B and one dominant inhibitor gene I-Pc-10
ifram'CIinton'ﬁhiﬁhﬁwésgepistaficfto PcélOt(Finkner;1954;ﬁSimonsset«aZ.
'1966). Finkner et al. (1955) fouﬁd fesistance to race 109 in Clinton was
.conditioned by a éingle*dominant.gene Pc-13 (Simons:et,al;’1966). |
i?5'F~.i~nkner-(195‘4)f-:'foun,'d.f.;éza‘.‘l'lel‘ig.sm'f.‘t_Jetwe‘env-'v'ch’e«r,ge.nie‘:;;o:rf,.;;:;:g.eneSj:;'.in‘-U,.kl?ai'r;e
-and the gene or genes in Santa Fe; Trispernia and Anthohy-Bond‘x.Boone.’
iIt*Wasﬁalso‘observed'that;thegUkraineigeneﬁ?c-éc.wasgindependent;of the
_geneS“in‘Lénahafer, Klein 69B'and”Vict6ria,‘”The Ukraine résisfanceallele

J




was also dominant and epistatic to the alleles in Santa Fe, Trispernia

and Anthony-Bond x Boone.

2.2.9 Pc-14

~ The variety Ascencao from South America is characterized by near-
immune reactions to most available isolates of crown rust along with its
.susceptible reaction to H. victoriae (Simons 1956). Ascencao x Markton
F2 seedlings tested with race 202 and 263 indicated that Ascencao carried
the Victoria gene or gene complex.. It also possessed a dominant gene 'E'
which was epistatic to thé Victoria gene as far as crown rust reactions
were concerned and which conditioned’a near-immune reaction to all the
races tested. Gene "E" has been assigned the symbol Pc-14 by Simons et al.

(1966), and was not allelic to any of the genes carried by Victoria, Land-

hafer, Trispernia or Santa Fe (Simons 1956). -

:2,2.10 Pc-22

McKenzie (1961) stﬁdied crosses of RL2461, a Ceirch dubach derived
line, for crown ruét resistance to three races of crown rust 264, 279 and
290. A single'gene which waé either incompletely dominantvor_modified by
minéi genes, governed resistance ;o all'three races. This gene has been -
designated Pc-22 (Simons et aZ;,1966).

-

2.2.11 Pc-44

Crosses iﬁvolving Kyto oéts (C,I.BZSOj from Yugoslavia were tested .
for the inhefitance»ofvcrown rust resistance by Martens et al. (1968).
'Resiéfance to five crown rust raées was cbnferred by a single dominant

'_gene assigned the symbol Pc-44. The crown Trust resisfance in Kyto appeared

12

to béfsimilar-to'that.fbund in Ahthgny‘sihce both hosts reacted in the same

way to all races'teSted; Resistance was associated with general chlorosis




of the leaf followed by necrosis.

2.3 Resistance Genes Present in Strains of Avena strigosa Schreb.

2.3.1 Pc-15, Pc-16, and Pc-17

Murphy ét al. (1958) studied the inheritance of crown rust resis-
tance in C.D. 3820, believed to be Saia, which is resistant to most of the
virulent races attacking Landhafer, Santa Fe, Trispernia, Bond, Ukraine
and Bondvic. When the F2 plants from the cross C.I. 4748X x C.D. 3820
were tested with races 202 and 258, a 3 resistant:l_susceptible ratio
indicated the‘presence of a single dominant gene. In a second cross the
results indicated the presence of three dominant genes which were assigned
 the symbols Pc-15, Pc-16 énd Pc-17 by Simons et al. (1966). In another
stréin of Saia (C.I. 4639) Marshall and Myers (1961) described two indepen-
dent‘dominant genes, Pc-lS and Pc-16, either or both giving resistance to
race 276. | |

Dyck and Zillinsky.(lgés) found two genes. in C.D. 3820 conferringb
resistance to face}264_but only one gene conferring resistance to race 294.
Pc-15, one of the two genes conferring resiétance to race 264, mﬁst be the
Samefas;'oi closely linked with the génevconferring resistance to race'294;
The gene conditioning resistance to race 264, But not to race 294, was ndt
fully.dominant; Pc-23 was the‘symbol'aséignéd to this gene by Simons et
al. (1966). _Siﬁons et al. (1959) observed that resistance to race 264 in‘
c.I. 7010,.a'rese1e§tion of Saia, was conditioned primarily by a single
major gene,.but'é minoi.secon& gene was - also present which conditioned a

type 3 reaction..

13
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2.3.2 Pc-18, Pc-19, P¢-29, and Pc-30

Crosses involving Glabrota (C.I.2630) were studied for the inheri-
tance of crown rust resistance to races 205, 216 and 264. Its very high
level of reéistance was conditiéned by a single almost completely domi-
nant gene (Simons et ql. 1959). Marshall and Myers (1961) tested the
progeny of the cross Glabrota'C.I. 2524 x C.I. 2837 to races 216 and 276,
and obtained results similar to those of Simons et al. (1959) which indi-
cated one dominant gene for resistance to both races in C.I. 2524, plus
a second gene conferring resistance fo race 276. These two genes were
designated Pc-18 and Pc-29, resp‘ectively (Simons et ql. 1966).

A. strigosa, C.I..3815 possessed resistancé to crown rust races 205,'
1227 and 294 (Simons et al. 1959). Studies with crown rust races 205 and
| 227 were made with the progeny of the cross C.I. 3815 x C.I, 7010, where
C.I..7010 was susceptib;e to both races. The progeny of C.I. 3815 whén
érossed to susceptiblé C.I. 2630 weré tested to race 294. Results-showed
that the resistance of C.I. 3815 was conditioned by a singlé dominant or
nearly dominant gene (Simons et al. 1959), which has been designated Pc-19
(Simons et al. 1966). In the cross C.I. 3815 x C.I. 2837, Marshall and .
Myers (1961) found that one gene in C.I.'3815 conditioned resistance to
race 203, and that this gene plus another near dominant gene conditioned
resistance to race 216 aﬁd 276. The second gene was named Pc-30 by Simons
et al. (1966). |

Saia C.I. 7010, Glabrota C.I. 2630 and another diploid C.I. 3815
~ were intercfossed in all combinations and the résistance genes were

found to be non-allelic (Simons et al. 1959).




2.3.3 Pc-31, Pc-32, and Pc-33

Marshall and Myers (1961), used crown rust races 203, 216 and 276
in inoculating the F2 progeny of the cross C.I. 4746 x C.I. 2837 and re-
ported that one dominant gene in A. strigosa C.I. 4746 conditioned resis-
tance. This gene has been assigned the symbol Pc-31. The Fz progeny of
Ceirch Llwyd x  C.I. 2837 were tested with crown rust races 203, 216 and
276. One dominant gene in Ceirch Llwyd cbnditioned resistance to races
| 203 and 216 (Marshall and Myers 1961). This gene, plus an additional
dominant gene, conferred resistance to race 276 and have been aésigned

designations Pc-32 and Pc-33 respectively (Simons et al. 1966).

2.3.4 Pe-37

Dyck. (1966) crossed two resistant A. strigosa collections C.D. 3820
and C.D. 7994. C.D. 3820 has genes Pc-23 conferring resistance to race
- 264 aﬁd Pc-15 conferring'resistance»to races 264 and 294. The F3 lines

of the cross were tested to race 294 and a second gene for resistance was

found. This gene came from C.D. 7994 and was assigned the symbol Pc-37.

2.4 'Resistance Genes Present in Avena abyssinica Hochst.

2.4.1 Pc-20

Simoné et al, 1959 found the'resistance'to crown rust racés-202, 203,
205, 216 and 264 in Avena abyssinica Hoéhst. strain C.I. 7233 was due fo
. an incompletely dominant gene which has been assigned the symbol Pc;ZO

by Simons et al. (1966) . -‘_

2.5 Genes for Crown Rust Resistance Derived from Aveng sterilis L.

Shown in Table 1 is a brief summary of the major Pc genes derived

from A. sterilis indicatingﬂthe place df'ofigin of each gene, the names
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of the investigators and gene expression.

2.5.1 Pc-34, and Pc-35

D 60 and D 137, two Israeli collections of A. sterilis, were found

to have resistance to a number of races of crown rust (Dinoor and Wahl

1963) McKen21e and Fleischmann (1964) tested F, backcross seedlings

2
from the D 60 x V1ctory2 amd D 137 x Vlctory2 crosses and found there was
one‘incompletely recessive gene in each wild oat for seedling resistance

to crown rust races 203, 205, 264, 276 and 279. The resistance genes in

D 60 and D 137 were designated Pc-34 and Pc-35, respectively (Simons et agl.

1966). Fleischmann et al. (1971a) tested D 137 x Pendek2 F2 families in
the ;eedling stage to races 264, 290 and 326, and obtained results that
' one dominant gene believed to be Pc-35 conferred resistance to these races.
In a 1963 field test,»McKénzie and Fleischmann (1964) obtained déta
suggesting’that adult piant resistance in each<of D 60 and D 137 was gov-
erned by one seedling resistance gene and one or more g;nes for adult .
plant resistance. It was assumed that all these genes must be preseht
for the expression of the full parental resistance. Fleischmann et al.

(1971a) conducted adult plant greenhouse tests on D 137 progeny with crown

rust races 264 and 332. No differences in rust reaction were noted be-

tween plants in the seedling and adult stages.

2,5.2 Pc-36, and Pc-47

C.I. 8081, a selection from the 4. sferilis P.I. 267989 collection

- showed a very high degree of resistance and Simons (1965) stated that it
wasv"apparently immune"-to several crown rust races. Crown rust races
‘;203 216 264 290, and 321 were used for the test on the F2 of C. I. 8081x
Cllnton and C I. 8081 x Markton. F2 tests indicated that with race 203




C.I. 8081 had a single, nearly dominant gene conferring resistance to all
the races tested. This gene was assigned Pc-36 by the Committee on Oat
Gene Nomenclature. |

An inheritance of crown rust resistance study was also carried out on

C.I. 8081 by Fleischmann et ql. (1971b). The C.I. 8081 x Pendek2 F_, back-

2
cross data indiéated that a single incompletely dominant'gene designated
Pc-47 conditioned resistance to all eight races tested.

The two independent studies with C.I. 8081 each obtained results of
onegincompleteiy dominanf gene, but Pc-36~c6nditioned near immunity while
Pc;47 conditioned a type (2) reactibn. These results could be explained

on the basis that the designation C.I. 8081 was assigned to two different

: wild oats or that the original C.I. 8081 collection was heterogeneous.

©2.5.3 Pc-38, and Pc-39

CW 491-4 (CAV*v2468), an A. sterilis collection from Algeria, was
tested against crown rust race§ 216, 264, 290, 294 aﬁd was resistant in all
the tests (Zillinsky and Murphy 1967).

'Fleischmann and McKenzie (1968) used 30vcfown rust cultures to study
the inheritance of resistance of Cw 491-4‘an& of an Israeli A. sterilis

collectioh; F 366 (CAV 5165). Results obtained from testing F backcross

2
families indicated that a single dominant gene in each collection con-
ferred a fleck type reaction to all the races tested. These two genes

were not linked and were assigned thé'symbols Pc-38 and Pc-39,,respe¢tive1y.

CanadianvAvenaAnumber.




2.5.4 Pc-40, Pc-41, Pc-42, and Pc-43

o The inheritance of crown rust resistance in F 83 (CAV 4997), another
Israeli A. sterilis collection was also studied by Fleischmann and
VMcKenzie (1968). Results obtained from testing F2 backcross faﬁilies
using race 446, indicated that a single dominant gene confers resistance
against this race. This gene, designated Pc-40, conditioned a fleck re-
action to 28 other isolates of crown rust and was suscebtible only to two
isolates of race 264. This gene generally appeared to give the Trispernia-
Bondvic spectrum of crown rust-resisfance but conditioned a fleck reaction,
whereas Tri;pernia and Bondvic conditioned a one or two type reaction to
a number of the same crown rustbisolates. |

A second dominant gene in FV83 was named Pc-41, and conferred a type
2 reaction to a number of races.

'A.third dominant gene confgrring a fleck reaction only to race 332

was present in F 83 and was designated Pc-42.

A fourth incompletely dominant gene Pc-43 conferred resistance only

to race 290, with a type 2 reaction.

F 169 (CAV 5050), another collection of 4. sterilis from Is:ael’was
-also found to be resistant to a nuﬁber of races of crown rust (FleiSchmann
et aZ.>197la); Results of testing F2 backcross families of crosses to
Pendek with races 264, 290 and four other races indicated that a singiei,
dominant’gene conferred>resisténce.to the six crown ruét races in the
~ form of a ''standard" crown rust fleék reaction. The gene has been

assigned the number Pc-45.

A second gene in F 169 also conditionéd resistance;tb races 326, 239,




330 and 332. This gene was designated as F 169B (Fleischmann et al. 1971a).

2.5.6 Pc-46

Another 4. sterilis collection F 290 (CAV 5115) had a single dominant
gene for resistance to races 239, 264, 290, 326, 330 and 332 (Fléischmann
et al. 1971a). The resistance reaction was in the form of large blotchy
ﬁhite lesions on the leaves. Pc-46 was the symbol assigned to the resis-
tance gehe. A second gene in F 290 was found to confer resistancevto four

races of crown rust (326, 239, 330, and 332), and was designated as F 290B.

2.5.7 Pc-48, and Pc-49

Inheritance studies were conducted on.F 158 (CAV 5041) another A.
sterilis collection from Israel by Fleischmann et aZ; (1971b). Tests of
' F2 backcross families with races 264, 295 and five other races gave re-
sults which indicated that two dominant genes>were responsible for the
resistance in F 158. One designated.Pc—48 conferred resistance to all
seven races while the second, designated,Pc-49* conferred resistance only

to five races (216, 326, 330, 332 and 446).

2.5.8 Pc-50
-~ CW 486 (CAV 2643), an A. sterilis cpllection from Tunisia was found
by Fleischmann et qZ. (1971b), to have one dominant gene designated Pc-50,
for crown rust resistance. This gene conferred a fleck reaction to five

of the eight races tested.

Pc-40 and Pc-49 are believed to be the same gene. (R.'I.’H. McKenzie,
unpublished data) -




2.6 Allelism

Several cases of allelism of oat crown rust resistance genes have
been reported earlier in this Literature Review. Allelism tests conducted
in crosses of lines with resistance genes Pc-35, Pc-38, Pc-39, Pc-40,
Pc-45, Pc-46, Pc-47, Pc-48 and Pc-50, indicated that all the genes were
independent except Pc-46 and Pc-50 which were assumed to be closely linked
genes or alleles (Fleischmann et ql. 1971b).

Sdme association between crown rust resistance and other diseases
have been reported. Crown rust resistance gene Pc-2 is either pleiotropic
of closely linked in the coupling phase with the gene for susceptibility
to H. victoriae (Litzenberger 1949a; Finkner 1953). Martens et al. (1968)
obtained results which suggested Pc-44 and stem rust resistance gene Pg-9
are alleles or are linked in repulsioﬁ. McKenzie et al. (1968) reported
that the stem rust resistgnce gene Pg-3 was associated with crown rust
resisfance to race 273. McKenzie_et al. (1965) reported that crown rust
Tesistance to rust races 293 and 325 in the cultivars Rosen'vautant and
. Ukraine were associated in the coupling phase to the stem rust‘reéistance
- gene Pg;9.

2.7 ‘Inheritance of Seed Chéracters in-Advena sterilis L.

- .

Jensen (1961), in an exfensive review of liteiature‘on ﬁhe inheritance
of biack lemma color in oats notes. that in some varieties color is condi-
tioned by a single gene, in others two genes are responsible. McKenzie
and Fleiséhmann (1964)‘also fouhd black lemma color in D 60 was controlled
- by two genes. Grey color has been fbund ﬁo be controlled by one gene |
"~ (Jensen 1961)f. In the presence oan géne-for black color, the'gene.for

. grey color is not:expréssed.v'

21




The inheritance of weak and strong awns has been studied by many
wJ f

investigators. Two strong awns, one each on the primary and secondary
kernels and a basal type abscission producing a suckermouth séar, go
together and are inherited as a complex.(Jensen 1961). This complex

. appears to be controlled by a single gene. McKenzie and Fleischmann

(1964) found that one gene controlled awn expression in each of two A.

sterilis collections.

22
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MATERIALS AND METHODS

3.1 Parents

One crown rust resistant A. sterilis collection made in 1966 and

three collections made in 1970 (Baum et al. In Press) were used in this
\Astudy.v Descriptions of each collection used are given in Table 2.

These collections were selected for several reasons:

(a) They were of relatively diverse origin and therefore

might possess rust resistance genes differing from

each other and from those previously identified from
A. sterilis.
(b) ‘Each colléctidn possessed a moderate to very high
deg:ee of greenhouse seedling and field adult plant
| resistance to some of the most widely virulent

North American crown rust races.

-TABLE 2

... .. Origin of the Four Selected Collections of Avena sterilis

Identification Collected Country of

.. Number® .. Year - Origin © Site
~CAV 4963 - 1966 , Israel Geyala
CAV 1964 | 1970° . Algeria  Algiers (10KM-SW)
CAV 1358 1970 Israel Nahariya
CAV 1376 ‘ 1976, - Israel Haifa University

*'CAV - Canadian Advena.
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Pendek, a common A. sativa cultivar developed in Holland was used
as the susceptible parent to which the 4. sterilis selections were crossed
and backcrossed. Pendek was chosen because:

(a) }It is considered to be universally susceptible to crown

rust and has been successfully used in other genetic
studies (Fleischmann and McKenzie 1968; Fleischmann et

aZ}v1971a, b). It has become the common genetic back-

. ground for the genes previously isolated from A. sterilis,

which are now used as crown rust race differentials

(Fleischmann and Baker 1971).

(b) It is a strong strawed high yielding variety easily crossed
with 4. sterilis. If the resistance facfors present in the
four A. sterilis parentsvshould prove to be useful they
would bé inﬁa desirablé background for use in breeding better

oats.

The genetic homogeneity of each collection was ascertained through
consistency of infection types or lack of segrégation within each collec-
tion. CAV 4963 and CAV 1964 were both uniform and crosses were made with

é few plants tested for rust reaction. CAV 1358 and CAV 1376 . were both

single plant selections and,after fnrthér,tests with crown rust, were

found to be uniform.

3.2 Crown Rust Races Used

Test races.of P, coronata were chosen from'cultures collected in some
of the recent yearly Canadian crown rust surveys (Fleischmann 1967;
Fleischmann 1968; Fleischmann 1969; Fleischmann 1971). Many of the races

have been used in previous genetic work involving 4. sterilis. The rust




ﬂcnltureSﬁwhichvrangederom*widélygmirulent;to’ﬁidely avirulent were se—‘
‘lected for ‘the purpose 6f~identifying theipresence»offmajOr and!minor
..genes. Cultures:of ._r,a‘c‘es 326, 305, 295, _264,_'259, ,'239,*21-1 'and!~203"w¢r.e used.
The reactions of ‘the differential host varieties-to-the 12 cultures-of
.crown rust used in‘this,etudy'are presented in 'Table 3.

All the rust cultures used, were obtained from the Agriculture Canada -
.?Researcn*Station,-Winnipeg;and'Wereétaken%fromzstoredwmateria1=whith"had
beeniverified and assigned a Vacuﬂvaried (VD) storage reference number .
“Each: culture ‘was:removed: “from- the vacuum dried stube and aconcentrated ‘sus-
r%pen51onaof uredlosporeS“ln Amsco (an odorless 1nsect1c1de base 0il) was

s§prayed¥on:10120upot510f Victoryvseedlings;andﬁan;bgthathegstandard@dif-
Vﬁferentialéset'(Simons'and“Mnrphy_1955)aandfninefsubstitﬁtedﬁsinéie;gene
%resiatanceﬂlines'(HarderfandecKenzie»1974). ~The-exces$_oil.on;the;plants
5wasaalldwed»tOJevapbrate~foff0rwaﬁprGXimate1yegneﬁhqur?béfpregthe;plants
' “were placed into m01st 1ncubat10n chambers. 'The“plantS'were‘fogged with
+afinesspray-of-water:and. sealed Anithe ;chamber ;for 24 hours -ata tempera-
“tureiof .60° - 65 _F.
After the incubation. perlod the plants. were all transferred to- -an
'Elsolated compartment iwwhere<the: temperature:was. malntalned aty 60 --*70“F

and natural 11ght1ng was supplemented w1th fluorescent 11ght1ng for. 18

- ‘hours a day.

*Two*weeksvlater"when,thenrusttpdstuleSrhadudevéloPed~toga~maximdm'
size, the sets were scored and if the race keyed out on the differential
'asetawithalittle-or,no;cOntamination;“then the increase on the Victory

“plants-was used. ﬁThe§urediQSpores~werefc011ected*andeuSed:within:agfew%days,

ke . ) . . ‘ .
sAmsco ~:.Chemical trade name, ‘Union-0il-Co. of California.
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TABLE 3

Infection Type1 of the Standard2 Cultivars and Substituted Single
Gene Lines to the Twelve Crown Rust Cultures Uses

_Lines
or

Cultivars

Crown Rust Race and ‘Accession (VD) Number

264 (VD-1269) -
326 (VD-1713)

Anthﬁny
Victoria
Appler
Bond
Landhafer
Santa Fe
Ukraine
Trispernia
‘Bondvic
Saia

L 1 J

Pc~35
- Pc-38

Pc-39°
" Pc-40
Pc-45
Pc-46
Pc-47
Pc-48

Pc-50
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1

0 = immune, ; = fleck, 1

= very resistant, 2 = moderately resistant

3 = moderately susceptible, 4 = susceptible.

2 Ten cultivars used as crown rust differentials by Simons and Hurphy (1955).

- .
N - necrotic

C = chlorotic

i * ) . M - . : . -
* Single genc lines used as differentials by Harder and McKenzie (1974).
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295 (VD-1692)
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Pc-39 was used instead of Victory for the increase of race 305 and race
264 (VD-1784). This insured purity since these were the only two races

known to attack Pc-39.

3.3 Method of Seedling Inoculation in Greenhouse Beds

The method of inoculation used fof the rust increases, was also used
on-the-greenhouse beds to inoculate the hybrid populations with freshly
collected urediospores of a pure rust culfure.~ After inoculation the
bed was covered with a polyethylene eheet which served as the rust incu-

bation chamber.

3.4 Recording of Rust Reactions

‘ Recordiug infection types on the test seedlings and differential

_ sets was in accordance with the system proposed by Stakman and Levine
(1922) and adopted for crown rust by Mufphy (1935). Infection types
ranged.from Type 0; very resistant, to a type 4 highly susceptible-reac-

~tion.

3.5 Crosses Made

The four rust resistant A. sterilis pareuts CAV 4963, CAV 1964, CAV
1358, and CAV 1376 were each crossed to the susceptible parent '"Pendek?,
in the sprlnngf 1972. Four seeds of each cross were planted in a growth
.'ééhihet, one seed to a 6-inch pot. In December, 1972, these F; plants

‘were crossed again to Pendek, to produce appfoximately.one hundred;and
'fifty seeds from'each backcroes; The backcross‘F1 plants were grown in
' greenhouse beds spaced four 1nches apart Adequate seed was produced on

_most of these F1 plants to conduct the 1nher1tance studles

27




- 28

3.6 Seedling Rust Tests

In.September 1973, F2 seedlings of 105 backcross families from each
Cross &E}e tested to croﬁn rust. Approximately 15 seeds from each family
~ were planted about one-half inch apart in rows four inches apart in green-
house beds. The seedlings were inoculated with race 264 (VD-1269) at the
full one leaf stage, using the procedure described previously. Race 326
(VD—1713) was applied one week later when the plants were at the two to
three leaf stage and thé first rust was flecking on the first leaf. The
second inoculation could be easily distinguished from the first, when
the two Separate readings were recorded. Race 305(VD-1479) and race 239
(VD-1714) were applied respectively to the first. and secondvleaf of a~
second planting. After'the two seedling tests were recorded on the
second planting, the plénts were thinned to eight plants per family and
allowed‘to continue growing. At a stage-just before flowering, the flag
- leaves were inoculated in the same manner as the Seedlings with race 305
-(VD-1479). Rust reactions were recorded 14 days latér. |

A number of families with adequate seed from each cross were se-
lected. for further rust tests. From the CAV 4963 backcross, 14 backcross
families were selécted,»eight of which had been suscéptible and six that
had been'segregating in the previous tests. From the CAV 1964 backcross
26 families’were selected. Six families which segregated in reaction to
three 6f the four rust cultures used; sik families which segregated in

reaction to only one culture of rust; six families which segregated to

all four cultures of rust and eight families that were susceptible to all h

 four cultures. CAV 1358 and CAV 1376 each had 14 of their backcross

- families chosen for more rust tests including the most resistant and the °




most susceptible. The additional crown rust cultures used were races:
259(VD-1669), 295(VD-1687), 264 (VD-1784), 264 (VD-1700), 203(VD-1676),

211(VD-1679), 203(VD-1689) and 295 (VD-1692).

3.7 Adult Plant Rust Tests

Studies were undertaken on a small scale, to determine if plants re-
sisfani-in the seedling stage gave a resistanée reaction in the adult
plant stage.

Six F3 plants from each résistant.Fz‘backcross plant which Pre;
viously had been grown to matufity; weré grown in each of five six—inéh
pots. 'Eight F2 plants from each of the corrésponding backcross families
- were also grown in each of five pots. Four backcross lines from the
- CAV 4963 cross and five lines from the CAV 1964 cross were grown in this
manner, along with a total of five ﬁotS’of each wild oat parent. When
. the flég leaﬁes had emerged on the plants each of the five lots were
inoculated in the usual way with one of the five different Tust cultures.
The cultures used weré races 295(VD-1692), 264(VD-1269), 264(VD-1700),
305(VD—1479),and 326(VD-1713). Rust reactions were recorded 13 days

later.

3.8 Selection and Selfing

From the backcrosses involving CAV 1358 and CAV 1376, F, piants

© rusted in the adult stage with race 305, which showed the least suscep-
fible reaction (type 3+-4_) and a fully susceptibie;plant from-the‘same-
fa?ily wére'grown'out to maturity'ahd the seed from each was planted in
fhé g:eenhouse'for-further fust tests. Race 264(VD-1700) was applied

at.the one to. two leaf Stage. Race 305 was not used for further tests

.29




in order to prevent spore escape and its establishment in commercial

fields. From each susceptible line, the most susceptible plant was se-

lected and from each ré;istant line the plant which showed the most re-

sistant reaction was selected. All the selected F3 plants were grown to
maturity and each was harvested separately. In August 1974 the progeny

of these F3 plants were retested to race 264(VD-1269) in the seedling

stage along with the progeny of resistant F2 plant from the same crosses

selected in the 1974 rust nursery.

3.9 Field Rust Nursery 1974

In 1974 F2 backcross families from all four backcrosses along with
all the parents and the Pc differential lines were sown in a crown rust
.nursery, in Winnipeg. The nursery was artificially inoculated with a
mixture of crown rust races 264 (VD-1269), 264(VD-1700), 259 (VD-1669),
295(VD-1692) and'326(VD-l713). Because of the dry season; crown rust
developed slowly and was only moderately heavy when the leaves began to

senesce.

' 3.10 Test'fbr Allelism (6r Close Linkage) of Rust Resistance Genes

In February 1973‘fhe A. sterilis collections CAV 4963, CAV 1964,
CAV 1358, CAV 1376; were_éaéh crossed with lines of oats contéining A.
sterilis derived resistance genes Pc-35, Pc-38, Pc-39, Pc-40, Pc-45, Pc-
'46, Pc-47, Pc448 and Pc-50. The pedigree of the lines containingfthech.
~genes are Showh in Table 4 and future reference in this study.to these

lines will often only refer to the gene to identify the oat line.




TABLE 4

Pedigree of Avena sterilis Resistance Derived Lines

Crown Rust
Rust Resistant
Gene Pedigree
Pc-35 zD 137 x Pendek2
Pc-38" CAV 2468 x Pendek’
Pc-39 CAV 5165 x Pendek’
Pc-40 CAV 4992 x Pendek’
Pc-45 CAV 5050 x Pendek’
Pc-46 CAV 5115 x Pendek?
Pc-47 C.I. 8081 x Pendek’
Pc-48 CAV 5041 x Pendek’
Pc-50 (Pendek x CAV 2463) x Pendek

Four seeds from each cross, two per six-inch pots, were planted in
~ growth cabinets in May 1973. As the panicles of the F1 plants emerged

they were covered with crossing bags to insure pure selfed seed for each

cross.

One hundred to 200 F, seeds per cross, involving CAV 4963 and CAV
1964, were planted in greenhouse beds. The crosses involving Pc-40 were

- inoculated with race 295(VD-1692). All the remaining crosses were inocu-

lated with race 264 (VD-1269).
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3.11 Classification for Awn Type and Kernel Color

T

Seed color was determined visually on the progeny of the Fl back-
cross plants and the seeds were classified as white, grey or black.

Backcross families were classified in the field as either segregating

for the strong awn abscission kernel base complex or as uniform for the

awnless, tame kernel base complex present in Pendek.

3.12 Test for Goodness of Fit

The Chi-square goodness of fit method was used to obtain the pro-
- bability value to test the validity of the ratios obtained. Yates'
correction factor. was used when the smallest expected population class

was less than 30.




CHAPTER 4




RESULTS

4.1 Greenhouse Seedling Rust Tests

The parental reactions to the crown rust races used in this study
are presented in Table 5. Seedling tests were conducted on the parents
with the same crown rust races at the same time and place as the tests

on the F2 backcross families.

4.1.1 CAV 4963

In the Pendekz-x CAV 4963 cross 46 families segregated for resis-
tance;to races 264 (VD-1269), 326(VD-1713), 305(VD-1479), and 239 (VD-1714)
and 59 families were susceptible (1:1 ratio, P = .20-.30), indicating the
presence of a single major gene conditioning resistance to these races.
Individual backcross families thet segregated to one race segregated‘tO'
the other three races while the susceptible'families were always suscep-
tible.

Counts of resistant and susceptible plants in the segregating fami-
lies gave a good fit to a 1 resistant:3 susceptible ratio to tﬁree of the
“,four races (Table 6) indicating that the resistance gene was reeeSSive._

However, the gene was not completely recessive since there were inter-

mediate types which were almost susceptible and were therefore classed with

~ the susceptible plants. Withrrace 239 there was an excess of resistant
plants and therefore it was not possible.to determine whether the gene
for resistance behaved as a>dominant or recessive to this race. The
heﬁerezygous plants in segregating families may have giveh a slightly
higher, although still vafiable; ;eactibn to race 239 either due to

changes of light, temperature or some other unknown factors, which made -
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' TABLE §

Reaction Types Produced by Crown Rust Infection of Four
Avena sterilis Collections

Crown Rust

Test Race CAV 4963  CAV 1964 CAV 1358 CAV 1376
_ - Reaction Types
203(VD-1676) V; 5 26 -3 1
203 (VD-1689) 0; - ; ; 2 1"
211 (VD-1676) ; ; ;10 ;1
239(VD—1714) ‘ 0; - ; 0; ;51 31
259(Vb-16_69)v ; ;1 3 3
264 (VD-1269 ; ; i1 i1
v264(VD—1700) ; H ;1 51
264(VD-1784) a1t 0 - 2* s2t
295 (VD-1687) ; ; 2-3 2' -3
| 295(VD-1692) . N ; 1t 51
305 (VD-1479) ;1 - 2% 0; - 3" 2"
' 305(VD-1479) " 4 ; ;2 ;2
326 (VD-1713) ' R ; 2 1"

* CAV - Canadian 4vena.
** Type 4 reaction on some upper leaves.

*** Adult plant test.
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it difficult to determine in which class they should be placed. A modi-

fier gene or genes may also have affected the reaction of heterozygous
plants to race 239. These plants were inoculated at the two to three
leaf stage and therefore the age of the plant may have had some effect

on the expression of the gene in the heterozygous plants as was found by

McKenzie et al. (1968), and McKenzie et al. (1970) with recessive oat
. Stem rust resistance genes.
Six segregating and eight susceptible FZ backcross families were

tested against eight other isolates of crown rust. All of the families

testéd gave the same results as they had to the first four races. This
indicated that the single gene conditioned resistance to all 12 cultures.
This gene conditioned a fleck reaction to all rust cultures e%cept race

| 305 where the reaction was a (;1) to type (2),~ similar fo.that of the

CAV 4963 parent.

4.1.2 CAV 1964
| Ih.the.Pendek2 x CAV 1964 cross, 57 F, backcross.families segregated
to races 264, 326 and 305, while 48 were susceptible and this is a good
.'fit to a 1:1 ratio (P:.30-.50). Thirty-oné of the families that segfe-

- gated to races 264, 326 and 305, also segregated to race 239 (Table 7)

. o ’ :
while 26 families that were susceptible to the first three races segre-
g gatéd for resistance to race 239. TWenty-six families that segregated

to the first three races were susceptible to race 239. Twenty-two F2

. backcross families were susceptible to all the races tested.
These results fit a 1:1:1:1 ratio (P:.7-.9) which indicates indepen-
dent assortment of th genes for crown rust resistance. A majbr‘gene con-

ditionedvresistance to races 264, 326 and 305, while a second gene conferréd




Crown Rust Reaction of CAV

TABLE 7

1

1964 F_ Backcross Families

2

and Probable Resistance Genotypes

Possible

Reaction of Families to Rust Races

Race Race Race Race No. of
Genotypes 264 326 305 239 Families
AABB)
AABb **
AaBBg" Seg. Seg. Seg. Seg. 31
AaBb)
AAbb)
Aabb) Seg. Seg. Seg. S 26
aaBB) .
aaBb) S S S. Seg. 26
aabb S S S S 26

-1 Canadian Avena.

* P value for fit to 1:1:1:1 ratio is .70-.90.

** . Seg. =

segregating; S

susceptible.
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resistance to race 239. VBoth genes conditioned a (;) reaction to the
race or races against which they were effective. |

Counts of resistanf and susceptible plants in the segregating F2
backgross_familjuas to race 305 gave a good fit to a 3:1 ratio (Table
8), where plants with intermediate infection types were included with
the resistant. It éppears that the gene conferring resistance is nearly
dominant. There was a poor fit to a 3 resistant:1 susceptible ratio with
the tegts involving crown rust races 264 and 326. Both of these rust
‘races were appiied to the same plants, race 264 to the first leaf and
race 326 to the second leaf.

The test with race 239 gave a good fit to a 3 re51stant 1 susceptible
ratio of plants within the segregatlng families (Table 8), which indicates
that this second gene in CAV 1964 is also nearly dominant. The moder-
ately resistant intermediate plants were classed with the resistant ones.

Selected F2 baCkcrbss families . which segregated for the major gene |
onlf, families which segregated for the seéond gene only, families with
both genes, aﬁd families with neither gene were tested with eight more
rust cuitures}- With seven of the eight remaining crown rust cultures
‘there was segregation in only those-families which contained the major
vgene. With race 203(VD 1676) there was segregation in the fam111es which .
contained either and both of the genes. There was no segregatlon for re-
sistance within any of the susceptible lines and therefore it appears
there are no other seedling crown rust resistance genes present.

| The major gene in CAV 1964 confers ‘Tesistance to eleven of the

twelve rust cultures while the second gene confers re51stance to only two

of the twelve Tust cultures
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TABLE 8

Results of Crown Rust Tests on Segregating F2 Backcross

Populations Involving CAV1 1964

Number of Plants

Reaction Types

Crown Rust

%% ' )
Cultures Used Resistant* Susceptible Ratio P. value
264 (VD-1269) ‘ 542 258 3:1 < .001
326(VD-1713) 537 - 273 3:1 < .001
305(VD-1479) - 661 - 240 3:1 .20-.30
239(VD-1714) . 634 196 3:1 .30-.50

"1 CAV - Canadian 4dvena.

* Moderately resistant types (;1-1) included.

. Races 264 and 326 were inoculated on the same plants.
Races 205 and 239 were inoculated on the same plants.
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4.1.3 CAV 1358 and CAV 1376

The Pen&ek2 x CAV 1358 and Pendek2 x CAV 1376, F2 backcross families
were tested to four races of crown rust. The resistant parents' reactions
are shown in Table 5; In both crosses most of the F2 backcross families
showed a fully susceptible type of reaction, but within some of the

families there were a few plants which appeared to exhibit less suscepti-
bility. There was no consistency from test to test as to which families

had a few plants with slight resistance. From these tests it was not

possible to determine any genetic ratios.

4.2 Greenhouse Adult Plant Tests

One hundred and five F2 backcross families from each of the four
crosses, plants previously tested in the seedling stage to races 305 and
239, were inoculated with crown rust race 305 after the flag leaves had .

emerged.

4.2.1 CAV 4963
All the Pendek2 x CAV 4963 F2 plants in the test were susceptible

including the planfs which had shown very good for seedling resistance. Since

it appeared that the seedling resistance of CAV 4963 did not continue
thropgh into the adult plants, a small rust test. using five rust cultures
was conducted to determine reaction of adult plants in four Bch2 segre-

3

~gating families and four corresponding resistant F, lines. Inoculated at.
the flag leaf stage, the F3 lines were all homozygous for resistance to

races 264, 295, 326 and to a second culture of 264. But with race 305,
all of the plants were susceptible. |

It appears that the seedling resistance gene confers resistance in

the adult plant stage to soﬁe races but appears to lose its effectiveness
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against.race 305.

4.2.2 CAV 1964
The same Pendek2 x CAV 1964 F2 families which segregated for resis-

tance to race 305 in the seedling stage also segregated for resistance

.in the adult plant stage to this race.
Additional adult plant tests with five crown rust cultures on three

segregating F2 backcross families and three selected F3 lines gave the

same results as in the seedling stage. Within the F2 families there was

lines showed a homozygous

segregation for resistance while all the F3
resistant reaction in all the tests. This indicates that it was possible
to recognize plants homozygous for the resistance factor and select for

them succéssfully, again indicating that the gene is not completely

- dominant.

4.2.3 CAV 1358 and CAV 1376

Most of the Pendek2 x CAV 1358 and Pendek2 x CAV 1376 backcross
families inoculated in the flag leaf stage with race 305 were completely
susceptible. Within each of 38 families from the two ¢rosses there were

some plants which showed some degree of resistance. The most resistant

and the most susceptible plants from each of 14 famiiies were selecfed and

' .grown to maturity. The Be,F, seedlings derived from these 14 families

were inoculated with race 264(VD-1700) and the most resistant plant from

each resistant selection along with the most susceptible plant from each
susceptible selection were again selected and grbwn to maturity. This
procedure was repeated again in the Bch4.

In the-F2~familiés the plantsgshowing resistance‘tb race 305 were

in the moderately susceptible range. After two generations of selfing



the most resistant plant selections showed from a fleck to a type (1)
reaction to race 264(VD-1700). While in most of the lines there was a
complete range of infecfion types, a few lines showed only the more
résistant types. The susceptible selections were consistently less
resistant than the resistant selections and ranged from a (2) type to
completely susceptible type. The most resistant plant from each of the
ten best backcross families were sglected in the field rust nursery,
five from the cross involving CAV 1358 and five from the cross involving
CAV 1376. The progeny of these plants were tested in the seedling stage

at the same time as the selected Bc.F seedlings. The best resistance

174

level pbtained among the progeny of these ten plants was a (1)+ infection
type.

Further.tests are needed to determine the mode of inheritanée of
the résistance present in these two wild oat collections. It would
appear that a number of minor additivé genes are conferring resistance.
As mdre of these genes become stabilized in a homozygous condition, they

produce greater resistance to crown rust.

4.3 The Field Rust Nursery .

The CAV»4963’F2 backéross material seeded in the artificially inocu-
lated field nursery was scored for resistance to crown rust. The same
Pen&ek2 x CAV 4963 families that segregated for resistance in the seedling
gfeenhbuse tests also<segfegated in the field. The mbst resistant plants
to the mixture of races, rangéd from very resistant in some families to
moderately resistant in other families. However, eleven famiiies-Which
expressed no resiSténce in’the.seédling g?eenhouse tests had Some'plants

which were scored as moderately resistant.
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The gene that conditioned greenhouse seedling resistance also condi-
tioned field resistance. -The eleven greenhouse seedling susceptible
‘families which showed moderate resistance in the field possibly contained
factors for adult plant resistance which went unnoticed in the greenhouse
adult plant tests. |
material indicated that

2

the méjor resistance gene did not condition as high a degree of resis-

Field rust readings on Pendek2 x CAV 1964 F

tance to crown rust as was observed in the greenhouse. In the gréenhouse
a fleck reaction was observed and the best comparable field reaction
appeared as a (;1) type. There also did not appear to be any sign of
resistﬁnce conditioned by the minor gene, within families which segre-
gated, in greenhouse tests, for only the minor gene. This was not too
surprising since some of the same cultures virulent on this gene in the
gieénhoﬁse were used in the field mixture of races. The races used,
hqwefer, were all avirulent on the major gene. ‘

Pendek2 x CAV 1358 and Pendek.2 x CAV 1376 F2 backcross families with
about 20 plants in each~fami1y weié tested in the rust nursery even
though seedling and*adﬁlt plaht greenhouse‘tests did not indicate the
presence of resistance. Of the ohe;hundred and four families in the CAV
'1358 backcross there were feur familieé whiéh éhoWed‘an almost uniform
moderately resistant-moderately susceptible reaction within each family,
with one or two plants’showing slightly better resistancé. Of the 113
CAV 1376 béckcrbss‘families, five families were scored’modéfately resis-
tant-moderately susceptible, with a fgw plants in each family'showing a.
higher‘degree of fesistance.

As there were only a few families with a moderate type of resistance,
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when cémpared to thg immune type resistance of the wild oat parents CAV
1358 and CAV 1376, and since most of the families conditioned no resis-
tance, would again indicate that the resistaﬁce in the parents could be
conditioned by a number of genes producing an additive or complementary
effect, as has been described by Sharp and Volin (1970), for wheat stripe

rust.

4.4 Intercrosses with Strains Containing Other A. sterilis Derived

Crown Rust Resistance Genes

Results of rust tests on F2 pépulations of crosses of CAV‘4963 and
CAV 1964 with lines possessing crown rust resistance genes Pc-35, Pc-38,
PcQSQ,:Pc-4O, Pc-45, Pc-46, Pc-47, Pc-48 and Pc-50, are shown in Table 9.
The tests were conducted on the progeny of three Fl élants from each
cfoss- Several hundred seeds were expected from each of the F1 plants,

but due to high sterility there were less seeds produced than had been

expected. Poor germination of some of this seed further reduced some of

the already small populations.

The cfosses involving Pc-40 were tested with race 295(VD-1692)-and
the remaining crosses'were tested with race 264 (VD-1269). Crown rust
susceptible plants were obtained in e?ery‘Croéé.and therefore there Qas ‘
no evidence of allelism of the major gene in CAV 4963 and CAV 1964 with
_any of:the Pc geneé_Studied.
| Hémogéneity Chi-square tests were con&uctedAon each of the croéses
“involving CAVY4963; The progeny of the three Pl plants within each cross
were found to be homogeneous and as a result, the data within-eachkcross‘
was pooled<(Téb1e 9). | |

‘The-tests on crosses of CAV 4963 with lines possessing Pc-35, Pc-38,
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TABLE 9

45

Results of Seedling Tests on Crosses Between CAV14963 and CAV 1964 and
Nine Lines Possessing Avena sterilis Derived Resistance Genes

Number of Plants

Crown

Cross Rust Race Resistant Susceptible Ratio P. Value
Pc-35 x CAV 4963 264 55 4 15:1 .95
Pc-38 x .CAV 4963 264 99 9 15:1  .30-.50
Pc-39 x CAV 4963 264 77 2 15:1  .20-.30
Pc-40 x CAV 4963 295 137 7 15:1  .50-.70
Pc-45 x CAV 4963 264 93 28 13:3  .20-.30%
Pc-46 x CAV 4963 264 99 12 15:1  .10-.20

Pc-47 x CAV 4963 264 50 7 15:1  .05-.10%*
‘Pe-48 x CAV 4963 264 111 16 13:3  .05-.10%
Pc-50 x CAV 4963 264 126 13 15:1  .10-.20
Pc-35 x CAV 1964 264 - 118 6 15:1 .90
'Pc-38 x CAV 1964 264 127 7 15:1  .70-.90
Pc-39 x CAV 1964 264 27 1 15:1  .70-.90
Pc.40 x CAV 1964 295 138 7 15:1  .50-.70
Pc-45 x CAV 1964 264 90 11 15:1  .05-.10
Pc-46 x CAV 1964 264 112 7 15:1 .95
'Pc-47 x CAV 1964 264 113 8 15:1 .95
APc-48 x CAV 1964 264 113 11 15:1  .20-.30
Pc-50 x CAV 1964 264 . 155 11 15:1 .95

"1 CAV -»Canadian Avena.

* ‘Would not.readily fit a 15:1 ratio. -

*#%  13:3 ratio  P. value

= .20-.30.




*Pcisg,'Pc—4O,ZPc-46,*Pc+47eandﬁP6450,%a11;gaVe*a;goodéfit‘fbrqa§15$1

“ratio, demonstrating the expression of the CAV 4963 gene and the Pc genes

-as dominant :genes for crown:tust resistance. :In the cross involving -the

“Pc-47 gene, which is incdmpletely dominant (Fleischmann et al. 1971b),

.a.good fit was obtained.to-a 13:3 ratio, indicating ihdependentgsegrega-

.tion of a domiﬁant and a recessive gene. In-the crosses with the lines
.containing Pc-45 and Pc-48 there was also a good fit to a 13:3 ratio,
ﬁf@OmehichﬁixﬁﬂPPearedathatnonequftheegeneeypossibly;;hesoneg;igmthv_
m4963¥expressed'reSistance*as=aﬁrece53i§eﬂwhile Pc-45 and Pc=48*were7d0mi—'
-nant. The apparent inconsistency iﬁ,dominance of the resietanceygene in

€AV4963: cannot be explained.

“The rust tests on the F progeny of crosses of CAY 1964 with 11nes

/possessingithe ‘nine-Pc-genes, all fit a 15:1: ratlo (Table 9) 1nd1cat1ng
.that ithe CAV" 1964 gene and each Pcigene-acted-as dominant: genes and that

@the gene in CAV 1964 was not closely linked to any of the Pc genes.

. :ThewFlﬁprogenleswofa;he?ﬂrossﬁlnvolvlng;Pcesgax;CAV:1964¢weneaex+’

“tremely small but each of the three plant progenies when inoculated with -

srace. 264 (VD-1269) produced#results as follows: one gavelS resistant and

1=susceptible ;»r‘fa»~'e”s'e¢0nd igave “8iresistant; ithe ‘third '-.&-.ga'vie'xlﬁ firs:.e‘is!iis‘-:- .

tant plants. Because the total population and especially the susceptible

. population was so small, further tests were.conducted to obtain more -

“proof of gene segregation. ‘The progeny of the susceptible Fzyplant‘were

tested with race 264 and were all susceptible. The progeny of six of the -

' ﬁresistant5F2~plants*werefalsoztested with race 264.:and segregation for

susceptibility occurred in two of the F3 11nes which is close to what

~would be expected when two domlnant genes are segregatlng.;




“The ‘progeny- of the lines;cdntaiﬁihé*thé?Peegenes~usedfinﬁiheﬁinter-
‘crosses with the two A. sterilis eollections-were-tested.fer‘purity; The
TPceSS,ch#SS,“Pc;40,*Pcﬁ45,ch~46,*Pc-47, Pc-48 and . Pc-50 sources were
~all pure, as was the progeny of thech-SQ'Plantsvusedvin*the CAyw4963
“Cross. iThefprogeqy of the Pc-39 usedain,thefcross:with.CAV”1964;;waS-the
- bulk of seeds from two plants grown in the Samewpot. When race 305 was

applied, approximately one-half of the plants showed the susceptible Te«

-action:expected-of Pc-39. ‘Thezresistaht;plantsﬁcopld@nqt:hayeQRe&SQﬂand

‘TCOUIHEbe any one of Pc-35, ‘Pc-38 or ‘Pc-50. iDueztosa5shortage<0f"this :
~probably mixed Pc seed, a test wae conducted with the F3 plants ef;the
5Pce§§*XﬁGAV11964fcross,qto*defermine"if PC%SS,%Peéss,fécésoaergifgthe
iPc-39 gene was actually used in the cross. - | |

{Themseed;from;sevenﬁresistanttgzgplantsfianLving?thezlinegconngihr

;ingipc:SQ'xfCAVr1964fcr055~wewau1ked“and*56er 'séedlings-were- tested ‘to

;race 305 whlch is virulent on Pc-39 but not on CAV 1964. The fifteen
ﬁsusceptlble ;plants were divided :into:a.group . of seven and- a; group of
~e1ght ‘The group of seven were then tested on the fourth leaf to race

2326 -and the group of eight,Were,teste& to race 264CVD-1700).*1There_were

gthree%reSiStantvplaﬁtSEaﬁd*fourgsusceptible*plénts?to“race:326;xandﬁthree,

resistant plants and five susceptible plants to race 264 (VD-1700). All

;plants susceptible to race 305 cannot have the_gene from CAV.1964;.Pc#35,

‘Pc-38 or Pc-50 which are all résistant to 305. The ‘fact that these same }

plants segregated for resistance to races 326 and 264 proves the presence
:ofa gene for resistance. which .could not be :Pc=35, Pc-38 or Pc-50. It
ftherefore appears most probable that the gene was Pc—39 and that the o

' veross . involved the 11ne,w1th-Pc=39,and CAV 1964.




4.5 Seed Color and Awn Type

The inheritance of seed color was studied in crosses involving three
of the four A. sterilis collections. CAV 1964 was a white seeded strain.
The inheritance of the strong geniculate awn, abscission spikelet separa-
tion complex was also looked at in the crosses with all four wild oat

collections. Future references to the complex of strong geniculate awns

always present in those plants where the spikelet separated by abscission, -

for simplicity sake, the author will refer to it as segregation for awns.
Pendek2 x CAV 4963'F2 backcross families segregated for color in a
ratio of two black:one grey:one white, as shown in Table 10. . This indi-
Qates‘thé presence of two genes for color, one gene for black hull and
one gene for grey hull colof. Grey ;nd white families were present in
both the re#istant_and susceptible families.indicating that‘the genes for

hull color are not closely linked to the gene for crown rust resistance.

TABLE 10

Results of Classification for Hull Color of F1 Progenies from Backcrosses

of Four Avena sterilis Collections to Pendek

Number of F1 Progenies

Crosses | ‘Blackf Grey White Ratio P. Value

Pendek? x CAV* 4963 74 27 30 2:1:1 .30-.50
Pendek” x CAV 1964 "ALL WHITE |

Pendek? x CAV 1358 49 73 S 1:1 .01-.05

| Pendek® x CAV 1376 63 6l 1:1 .90

CAV - Canadian 4vena.
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The CAV 4963 F2 backcross families shown in Table 11 géve a good fit
to a r;tio of one family segregating for awns to one family homozygous
for a fracture type of spikélet separatidn or awnless character. This
indicates the presence of one gene segregating for awns. A good fit was
also obtained for independent segregation for awns and crown rust resis-
tance. There were 30 awned Susceptible: 25 awned resistant:28 awnless
susceptible:Zlyawnless resistant (1:1:1:1 ratio, P = .50-.70, Table 12).

The Pendek2 x CAV 4963 F2 backcross faﬁilies segregating for the
awned character appeared to‘segregate independently of black seed color
(Table 12) with a good fit to a one black awned:one black awnless ratio
(P = .10-.20). -The geﬂe for grey color and awn type appeared-to be
closely linkéd with only 2.04% (Standatdberror + 2.00%) crbssover occur-

)

rence.

TABLE 11

Results of Classification for Awns on F2 Families from Backcrosses

of Four Avena sterilis Collections to Pendek

Number of Families

Crosses : Seg. for Awné . Awnléss Ratio P. Value
Pendek’ x CAV 4963 | 55 49  1:1 .50-.70
Pendek’ x CAV 1964 - . 53 52 1:1  .90-.95
Pendek” x CAV 1358 IRPVI 60 1:1  .10-.20

 Pendek? x CAV 1376 sz 61 1:1 .50

CAV - Canadian Avena} =
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In CAV 1964 the awned character was also conditioned by a single
gene as was evident from'the good fit to a ratio of one segregating
awned:one awnlesss among the F2 backcross families (Table 11). There
was also a good fit for independent segregation of the major rust resis-
tance gene and the gene for awns (28 resistant-awnless, 29 resistant-
awned, 24 susceptible awnless, 24 susceptible ewned, 1:1:1:1 ratio
P = .505.70, Table 12).

Although the Pendek2 x CAV 1358 backcross F1 backcross progenies
did not give a very good fit to a 1:1 ratio for grey versus white hull
" color, there is most probably only one gene segregatlng as shown 1n
Table 10. The awned character was controlled by one gene as was evident
'by the good fit of the F2 backcross families to one segregating for awns
to one awnless ratio shown in Table il.

Awned seed in the CAV 1358 backcross was found which had white
hulle and awnless seed was obtained which had grey hulls. The data from
the small population in the CAV 1358 backcross'showed.that awns and grey
color appearéd to be linked with 23.07% (Standard error + 4.11%) erossing
over (Table 12). The presence of only white, awnless seed was observed
~on the selected re51stant F4 11nes and so it appears that rust resis-

tance is inherited independently of the other two characters.

The Pendek2 x CAV 1376 backcross F., families, shown in Tabie_lO gave

2

'envexcellent fit to a 1:1 ratio for hull color. It is evident that one
- gene controls grey seed.color in this wild oat. A good fit toee ratio
of one F2 backcross fémily segregating for awns to one awnless family,
indicates one gene controls the presence of this character in CAV 1376
| (Table li). Linkage ‘between grey color and awn type in CAV:1376-was‘-

17.69% (Standard error 3.59%).
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Seed from crown rust resistant CAV 1376 backcross F4 plants was
obtained which was white and awnless also indicating that resistance

can be inherited independently of both of the other characters.
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DISCUSSION

The inheritance of crown rust resistance present in four A. sterilis

collections was studied using F2 backcross families. Knott and Anderson

(1956) found that the study of F2 backcross families had advantages over
the study of F2 plants and F.3 lines since in backcrosses the ratios are
simpler, it is easier to separate genes for resistance and study their
effects singly;_and it is easier to separate segrégating families from

non-segregating families than it is to accurately determine ratios of

plants within families.

The results obtained on the inheritance of resistance of CAV 4963
and CAV 1964 coﬁformed to a Mendelian manner of inheritance. One major
gene in each collection conditioned resistance to a large humber of races;
§uch results are similar to those reported for other genetic studieé with
A. sterilis (Fleischmann and McKenzie 1968; Fleischmann et ql. 19715, b).

Many investigators have described oat varieties which reacted simi-
larly té specific crown rust réces in both seedling and mature stages
and other varieties which were susceptible as seedllngs but resistant as

adults. Dinoor and Wahl (1963), while screening wild oat collections,

found that some plants which were.highly resistant in the seedling stage
became susceptible as the plant matured. This is similar to results

obtained in this study with race 305 on CAV 4963. Upadhyaya and Baker

(1962) found seedling resistance in Ukraine due.to a single incémpletely
_doﬁinant'factor'pair, which conferred no resistance to the adult plant.
A similar situation octurred.with the Kyto stem rust resistance gene
Pg-12. (Martens et al. 1968). Duff (1954) reported f1nd1ng wheat with

seedllng re31stance and mature plant suscept1b111ty to P. graminis, in

Kenya



Crown rust rgsistance in CAV 4963 was conditioned in the form of
an incompletely recessive major gene, which_is similar to results ob-
tained by McKenzie and Fleischmann (1964) on the 4. sterilis collections
D60 and D137. The recessiveness of the gene appeared to change to in-
complete dominance with some rust réces, as the leaves grew older. This
is similar to the findings on the stem rust resistance gene'Pg—ls by
McKenzie et al. (1970).

The rust test with race 305 on CAV 4963 produced results where the_
resistance gene was effective in the seedling stage but appeared to be;
come completely ineffective as the plants matured. One possible explana-
tion why the CAV 4963 gene could have been ineffective is that the gene
isiperhaps paft of a complex gene locus and that portion of the locus
yhich conditioned resistance to this race may have been deactivated by
#ome control system, as the plant grew oldei.

The seedling reaction type was éimilar.to all races and therefore
did‘not predict adult reaction in any way. It is not known how widely
resistant the CAV 4963 gene may be since it was only tested to five rustb
cultures in the adult stage. More adﬁlt tests should be conducted to
learnbmore about this resistance gene. The resistance of CAV'49635>when
crossed with the lines containing the ?c-genes, was governed by one gene
which appeared to be dominant in some crosses and recéssive in others.
This typé of expression could have beén due to different genetic béck-

2

gene in wheat behaving as a dominant in one genetic background.and as a

_grounds. Dyck and Samborski (1968) found similar results with the Lr

recessive in another.
The cross CAV 4963 x CAV 1964 was not made -and consequently it is

not known if the major resistance'genes in these wild oats are allelic.
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The two genes are clearly distinct because they are differentiated by
different crowﬁ rust races. The CAV 4963 gene appeared to be recessive
or incompletely recessive, while the CAV 1964 gene appeared to be
dominant.

The major genes of both CAV 4963 and CAV 1964 were inherited in-
dependently of the nine Pc genes previously isolated and presents no
barrier in producing a combination of one or more of the Pc genes with
either one of the newly described genes.

Test results from the CAV 1358 and CAV 1376 inheritance studies did
not fit'any obvious genetic ratio. They did not contain any major resis-
tance genes. Based on selection for rust resistance for several genera-
tions it abpeared as if several minor additive or'complementary genes
behaving mainly as recessives, could be responsible for eonditioning
resistance in CAV 1358 and CAV 1396. Sharp and Volin (1970) have shown

‘a similar type of gene action for‘resistance to stripe Tust in wheat.

In the field ten families from these two crosses were scored in the
moderately resistant- moderately susceptible range with one or two plants
conditioning better resistance. These families should have had some
plants that were completely Susceptible assﬁming that several recessive
genes in the homozygous condition were requlred for res1stance, but none
were noted. Possibly envlronmental condltlons which caused many leaves
to senesce shortly ‘after the rust infected them resulted in difficulties
of classification. Subsequent seedling tests of the besf"plant progenies
from nine of these families showed considerable resistance.

Unfortunately, due to limited seed quantifies only 105 F2 backcross
fﬁmiiies fromdthe CAV 1358 and the CAV_1376 crosses were tested for rust

resistance. Hypothetically, if a plant required four homozygous recessive

e e
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;genessto_broducenthevparental-resistant;reaction,_theﬁchanceﬁis¢extremely
-small with the size of population used for_thé seedling rust tests, that
such a plant would be found in a population of on1y~30rp1ant5jresﬁlting
afromuthe'tWO*seedIing»plantings;'

If CAV 1358 and CAV 1376 have the same resistance,genés,1inter§roSs-
ing the best segregates from both would not improve the resistance, but
~if they have somevgenes that are different then an intercross could re-
ssult,in:evenbbetterﬁnesistance.

“Extensive, ‘complicated workiis~stillirequiredyto;po$itiyely”determine
*the-madejdf'inheritance.bfuresisfahce‘in CAV 1358 and CAV ‘1376.
zUseadfsresistaneeﬁfromvthewWiId;Oaﬁs&ingaubreediné,program«wodld*be:véry.‘
?difficult.Sinceit'would}béhévefaswanuantitative_character; ffhe use of
Qlangéépopulationsawould;help»inéthe;selection-bf;the@goodgparental'A.

“gterilis resistance in the F ‘The minor-additive:-gene type resistance

2
to:.crown rust in these orrotherbcollectioﬁs of wild oats may well be an
‘answer to*the&continuingfproblem:ofﬁlastiﬁguresistanCe:aS{this“type of
':feSistance'should be;more.reSistant-to.breakdown by}q11Yfrust=raceﬁthan
ngjqr;ggne'resistance. |
fIn;thefcrossesébetwéen‘lines;pOSSes§ing the;PcegenesvﬁithCAV;4963
vand CAV 1964 there was a very small amount of seed produce& oﬂ the F1
‘plants. "This cou1d~beﬁduegto eﬂvironmental:conditions or due to chromo-
asomé.interéhanges résulting.in~sterility>és was - found by McKenzie et al.
-(1970). This resulted in condugting alleliémiand linkage tests with a
%ﬁinimum.size of populatioﬁ. ~However,-theipresence of‘susceptiblegflants

in all7cro$ses despite the small populations indicates that'ciose linkage

#probably. did .not occur.
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The 11 Fz backcross families in the Pendek2 x CAV 4963 cross suscep-
tible in the seedling stage, but with some resistance in the field
nursery was similar to results obtained by McKenzie and Fleischmann (1964).

This resistance was either overlooked in the seedling stage or was due to

genes for adult resistance. These 11 families may possess resistance of

a type similar to that found in the CAV 1358 and CAV 1376 crosses.

-
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~SUMMARY

‘The inheritance of crown rust resistance in four A. .sterilis collec-

‘tions was investigated. CAV 4963-contained.one recessive. or incompletely

rrecessive resistance .gene- which conditioned resistance in,the‘seedling
stage to all cultures of rust tested. The gene appeared to be ineffective
to one of the five cultures of rust tested, race 305,}in'thezadu1t plant'

- stage. This gene was not allelic to.any of the nine resistance genes to

‘which it was ‘tested.

1CAV 1964 contained two incompletely,ddmiﬁant*genes,fbr:resistancé
5towcrownqrust. %Oneggene;CQnditiOﬂBd%ﬁ?SiStanceitbﬁll“Ofﬁthezlz”Ggltures
‘tested while the ‘second gene conditioned resistance to only two of the
“rust.cultures. .Reaction inﬁthesadultgplant'stageuwasesimilarvto3that
aobtaiﬁed:invthevseedlingtstageFWhen tested té five crown rust -cultures.
This gene was not éllelic to any bf the nine.genes'tested;

*No'majOrﬁCrown*ruStsreSistanee;génes<wéreifbund”in7CAVf1558nand
:CAV .1376. fThéfeﬁwasﬁgoodffieldffesistance'which'appearedft§~be condi-
Mtioﬁedvbyya number of jadditive .or compiementary minor genés.

-fSeed;colofuwas;cdnditioned?by*twgugenes”infCAV;4963,x0ne£fbr?bla€k

«=color -and one for grey color. .In CAV 1358 and CAV 1376 one gene condi-
“tioned grey seed color. The -strong awn basal abscission complex appeared

wto”bercontrollédxbyzone;geneporaonetgenegcompléx‘in'all four A. sterilis

collections.

:The genes "ffor «seed -color vand awn character did not -appear ‘to -
‘be linked to the crown rust resistance genes iﬁ any of the féur A. steri-
:1is.lines. The,gene‘for,grey:seed:colorrin*CAV~4963fappeared-t0‘be al;

#most .completely ‘linked to the:gene-for awn production. InHCAV;ISSS»and
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CAV 1376 the genes for grey color and awns appeared to be linked at about

23 and 18 units, respectively.
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