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Wong, Linda Siu

The Inheritance

ABSTRACT

Ling. M.Sc., The University of Manitoba, OcËober, 19Bl'

of Resistance t.o Puccinia coronata qve4-q-e and of

Floret Characters in Avenae sterilis. Major Professor; Ronald I"H'

McKenzie.

The inheritance of resistance to oat crordn rust, caused by Puccinia

coronaËa Cda. f. sp. grc Eriks. was studied in Avena sËerilis L.

accessíons CAV 4248, CAV 4656, and CAV 4904. These were collected in

Tit-Me11il, Morocco; Tizi Ouzov, Algería; and Algiers, Algeria, respec-

tively. Seedling rust tests on BC1F2 familÍes indicated the presence of

three independent, partially dominant genes in CAV 4248, one partially

dominant gene in CAV 4656 and a dominant gene ín CAV 4904. The three

genes in CAV 4248 were designated A, B and C. Gene A conferred resistance

to all but one race tested, gene B conferred resistance to nine of the

15 races tested and gene C to six of them. In CAV 4656, the resistance

gene conferred resistance to 13 of the races tested while the gene in

CAV 4904 conditíoned resistance to all of the races Ëested. All the

resistance genes lùere operative throughout the life of the plant' The

resistance gene in CAV 4904 was closely linked or allelic to gene Pc-46.

Awns and lemma pubescence r{ere each inherited monogenically in the

three crosses while grey lemma color vras controlled by one gene in Ëhe cross

involving CAV 4248 and by ËTto genes in the cross involving CAV 4656' In

the CAV 4904 x Sun II cross, Ëhe brown lemma color was conËrolled by one
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gene vrhich appeared Ëo be completely linked wiËh the gene for lemna

pubescence. In Ehe CAV 4656 x Sun II2 cross' one of the ËI.,o genes

governing grey lemma \¡las associated with Ëhe gene for lemma pubescence

by a recombination value of 28"30 + 4.87"A. In the C^V 4248 x Sun II2

cross, the gene for grey lemna and the gene for sËrong a$rns were linked

wiËh a crossover value of 4.58 J 1.86%'

No significant assocÍation \¡7aS found be¡ween cro\^7n rust reaction

and the three floret characters studied.

cytological observations on Ëhe frequencies and tyPes of meiotic

irregularities were conducted at metaPhase I and subsequenÈ stages. A

low level of írregular meiosis was observed in the Parents. A much

higher frequency was found in F1 planËs. In addition to univalents and

bridges observed in all the hybrids, mulËivalenËs were seen in F1 planËs

of cAV 4248 x Sun II and CAV 4656 x Sun II. The variation observed

appeared to be caused by a differentiaËion in chromosome sËructures '



INTRODUCTION

O¿t.s is one of Ëhe major croPs of the world. It ranks sixËh among

the cereal grains in world producËion, after wheat, corn, rice, barLey

and sorghurn (FAO, L98O). In Canada, production of oats for grain was

approximately 3 mil-1ion metric tonnes ín L979 according to StaËistics

canada (L980). In the Uníted states, production was about 9.3 million

meËric tonnes (Long, 1980). The leading oaË producing countries are

Russia, United States, ltest Germany, Canada, Poland, France, Sweden and

Ausrralia (FAO, L980) "

Crown rust caused by Puccinia coronaËa Cda. f. sP. avenae Eriks. is

probably the most widespread and destructive disease of oats (Simons and

ldurphy, 1961; Roelfs, Lg78>. IË occurs in most regions of the world Ì¡Jhere

oaËs are grown and causes sËrikíng reductioris in yield and quality of

grain and forage, and rnay cause severe Lodging (Simons , L970).

To proËect the oAË croPs from crown rust damage, SeverAl neans of

controlling crown rust have been suggesËed. The main control measures

include eradication of the alternate host, maínl-y Rhamnus cathartica L.

(European buckthorn), developmenË of resistant cultivars and applicatíon

of fungicides. Complete eradication of buckËhorn is noË feasible sínce iE

has become very widespread. However, it is advocaLed thaË buckthorn

should be eradicaËed ín the viciníty of oat fieLds in order to reduce

damage.

Fungicides have been used Ëo control crown rust in various parts of

the worLd. Dickson (1959) and Rowell (1968) reviewed the subjecÈ of



chemical control of cereal rusts. They concluded that chemicals do not

appear to be an economic means to control rust. The successful use of

chemicals requires reliable forecasts of impending rust epídemics

(Rowel1, 1968). The shorL duration of activity of fungicides, compared

to the length of the rust epidemic, limits their effectiveness. More-

over, the ecologÍcal and human health consequences (Baker and Cook, L974;

Huisingh, L974) preclude the use of chemical control as a routine prac-

t ice.

The possibility of uËTLí-zir.g resistance Ëo cro\^7n rust as a means

of control was known before the end of Ëhe 19th century (SÍmons, 1970).

trùhile resistant cultÍvars constÍtute the only effectÍve control of the

disease, it has been shown repeatedly (Simons, LTTO; FreyÉ 41., L977)

that they are usually soon surpassed by the progress of breeding and

concurrent changes in the sPecÈrum of pathogen races prevailing in Lhe

area of cultÍvation. Consequently, the search for resistance genes Ëo

incorpora¡e ínto oaË cultívars is a continuing process (Harder eË a1.,

t977).

For many years, it has been recognized that crown rust resist.ance may

be found in Ëhe wild oat species. Recent investigations prove that

populations of Avena sterilis L. constituËe an extremely heterogeneous

reservoir of genotypes for crolùn rust resistance (I{ahl , L970; Harder

e-! al., 1980; Martens eL af ., 1980). The discovery of new resistance

genes in A. sterilis has an immediate practical value Ín the improvement

of oaË culËivars. Since $. sterÍlis is a hexaploid species, it is highly

compatible with cultivated hexaploid oats (Rajhathy and Thomas, I974).

Thus, Ëhere should be no difficulEy in transferring resistance genes.

The present study rdas undertaken Ëo investigaËe the inheritance of



crotsn rust resistance and floret characters (awns, Lemma color and lenma

pubescence) in Ehree accessions of !. sËerí1is. The relationship between

floret characters and crown rust reaction was also studied. In addition,

the parents used in the crosses and Èhe F1 PlanËs \,lere examined cyËolo-

gically in order Ëo gain a beÈËer understanding of the chromosorual

pairing in interspecific hybrids.



LITERATURE REVIEI,J

I. Nature of the Pathogen

Crown rust is the cou¡non name of Ëhe leaf rust disease of oats and

refers to the causal agent, PucciniS coronaËa Cda. f.. sp. avenae Eriks.'

Both "crown" and ttcoronaËatt refer to the crown-like digitate projections

at Èhe teliospores apices.

A. Importance of OaË Crou¡n Rust

OaË crown rusÈ has the potentiaL for causing severe epidemics in

susceptibLe culËivars when environmental condiËions are favorable.

RoeLfs (1978) stated thaË in the United States the greatesË naËionr,¡ide

epidemic of crown rusË probably occurred in 1938. Since 1970, oaË crown

rust probably caused Ëhe greatest loss of any of Lhe cereal rusts. In

many staÈes, losses exceeded 2O%. In an earlíer study (Sherf, 1954),

crorlrn rust \¡7as found to cause an estímated loss ot 30% of the lowa oat

crop of 6 million acres for 1953.

In Canada, oat cro\¡tn rust epidemícs are mosË severe in Manitoba,

Ontario and eastern Saskatchewan. In Manitoba, losses caused by crown

rust in oats have been moniËored on a continuing basis since L963. In a

study by Martens et g!. (L972), naËural infections caused signíficant

reductions in groat yield rangíng from 6.8% to 30% in mosË years.

Fleischmann and McKenzie (1965) found that 30% crown rust infection of

oats aË the flowering sËage resulted in 25% yíeLd losses. Siroilar

results were obtaíned by Clark (1968). He reported that in OnËario heavy



natural infection of crown rusË reduced yields by approximately 207"

In a study on the effecË of crown rusL on the quantity and qualíty

of oaË yield, sebesta (Lg72) found that the decrease of grain yield' of

1,000 kernel weight and of crude protein conËent caused by a nixture of

crohTn rust races was abouL 187., 20% and I8%, respecËively' Furthermore'

Ëhe content of niËrogen and Ëhe amount of starch were significantly

decreased in the kernels. On the oËher hand, the fibre content in ker-

nels as well as Ëhe percenËage of hulls was significantly increased

(Sebesta, L974).

Similar results r{ere reported by Harder and Clark (1981). Using

six susceptibLe culËivars, they conducËed a disease loss test in Ontario

under a favorable rust-environment. They found that under natural ínfec-

tion, croT/,in ïust caused mean reduction of. 40% in yield, 23% ín kernel

weight and a 31% increase in Ehe amount of hul1 relative Lo Ëhe groat'

In addiËion, Ëhe susceptible culËivars were badly lodged due Ëo hasËened

maturity caused by the clown rust infection' which furËher reduced seed

quality.

3. Biology and Life-Cycle of 3. gæEEg

DescripËions of Ëhe life cycle of 3. coroJtata have been given in

numerous sources (Simons and Murphy , L96L; Simons , ITTO; Manners , L97L).

P. coronata is a heteroecious, heteroËhallic, macrocyclic rusË fungus'

The uredial and te1ia1 sLage occur on oats and many other grasses; the

spernagoníal and aecial sËages mainly on European buckthorn (R' cathartica)

The uredial stage of P. coronata occurs rnainly on the leaf blades of iËs

gramineous hosts, but is noË uncoÍnmon on the sheaths and floral struc-

tures. On susceptible varieties of oats, the uredia aPpear as bright



orange-ye11ow, round to oblong pusËu1es.

Telia appear after Lhe uredi a are well established and sometimes

form in rings around the uredia. They are black or dark brown and remain

covered by the epidermis. TeliosPores survive northern winters on host

debris, and their germination in Ëhe springmay result in development of

the sexual stage on .@. The aecial stage is conspicuous when the

brighË orange-yellow aecial cups are forming and díscharging aeciospores;

Laler \^7hen rust is buildíng uP on oats, buckthorn leaves show only

necro¡ic lesions or shot-holes. Aecíospore ínfection of oats results in

re-esËablishmenË of Ëhe uredial stage.

The urediospores of 3. coronajLa are wÍnd-borne. Thus, P' coronatg

can overvTinter in Ëhe southern United States in the uredial stage and

cycle beËween north and south independently of Rhamnus (Frey -el 41.,

te77) .

II" The Genetícs of Resist44ce

Resistance to rust diseases can be described either in functional

or in genetic terms (Day, L974). The functional terms recognize that

resistance may be eiËher highly specífic and effective againsL some rust

races buË not others, or non-specífíc and equally effective against a

range of rust races. A large number of terms have been used to describe

t,hese two kinds of resisËance (Hooker, L967; Browning et al., L977). At

Ëhe present time, the most widely used terms are t'specificrr and "generaltt

resisËance (Day, 1974; Browning et a1., L977). lühile the nature of

general resistance is not well understood, segregations for specific

resistance are usually discrete and frequently fit simple genetic ratios.

The genetic terms describe Ëhe mode of inheriËance for rust resis-



tance (Hooker and Saxena, l97L; Day' Lg74) ' There are three classes:

(a)oligogenic,(b)polygenicand(c)exËrachromosomal.Inthisreview'

only oligogenic resistance will be discussed'

A. Olieoeenic InheriËange

Biffen(1905)firstshowed,workingwithyellovrrustofwheat'

tÏøË inheritance of disease resistance foLl0wed }4endelts laws' tr'lorkíng

in cambridge, he showed Ëhat the resistance of Rivet wheat was deter-

minedbyasinglerecessivegene.Fifteenyearslater,Parker(1920)

presenteddaLaont'heinheritanceofcrownrusLresistanceinoats.He

reported that the resisËance !üas due to the action of mult'ipLe genes'

subsequently, many genetic studies have been conducted on the inheritance

of crown rust resistance in oats (simons et g!", 1978). AEtempts wíll

bemadeinthefollowingsectionstoPoíntoutthedifferenËmodesof

inheritance encountered since the work of Parker'

1. ce. The sirnPlest

form of inheritance involves single genes. Davies and Jones (L926)

demonstrated that a single parËia1ly dominant gene conditioned resistance

in Ëhe cross Red RusËproof (resistanË) x scotch Potato (susceptible) '

Further cases of resistance to crol{n rust controlled by a single gene

were described by LiËzenberger Gg4g). He found that both Landhafer

and SanËa Fe contained a single dominanL gene effective againsË crown

rust races 1 and 45.

ThesamemodeofinheriËance\dasestablishedwithresistance

derived from a. sterilis. Fl-eischnann and ltcKenzie (1963) studied the

inheritance of resisLance in A. sterilis accessions clJ 491-4 and F 366

to crohTn rusË races 264,2g0,2g5,332 ar¡d 446. They found that resis-



tance of CW 49L-4 to Ëhese races was due to a dominant gene, designated

Pc-38, while the resistance of F 366 was conditioned by gene Pc-39. For

designation of genes refer to Simons et al. (1978).

Although genes for resistance Ëo crovln rust are usually dominant,

there are cases where resisËance is governed by single, incompleteLy

recessive genes. Kiehn et al. (1976) found that resistance of A. sterilis

accession CAV 4963 to 10 of 12 crown rust isolates tested was due t.o the

incompletely recessive gene Pc-55. Sirailar results were reported by

MarËens et a1. (1980). They found that Ëhe parËiaIly recessive gene

Pc-54 conferred resisËance to many of the crown rust races occurring in

Canada.

It must be pointed out that dominance and recessiveness, just as

resisLance, are not, as such, absolute attributes of a host plant, but

are only t.he expression of its specific inËeraction with a certain rust

race. Accordingly, Fleischmann and McIGnzLe (1968) showed Ëhat the

resistance gene Pc-39 reacted as a dominant against races 332, 295,290

and 446, but manifested itself as an incompLetely dominant gene against

race 264, In other genetic studies, the degree of dominance \¡ras shown

t.o be varied according to the genetic background upon which the resistance

gene r¡ias functioning. For exampl-e, SniËh (L934) found thaË resistance

was dominant in some crosses involving Victoria, but douinance \^ras lacking

in oËhers. In the case of Ëhe variety Landhafer, the resÍsËance gene

rras recessive in the cross with ReselecË Clinton, but dominanE in others

(Simons and Murphy, 1954).

Changes in dominance have been known to associate with growth sLage.

ALthough resistance to certain races of crown rusË is generally dominant

in the seedling stage, in the adult stage it may noÈ be, In the cross



Towa 4M x 3ond, Torrie (1-939) found that

nant in F1 seedlings, buË field reactions

partial dominance of suscepËibility.

resistance rüas PartíaLLY domi-

of mature plants showed a

Z. Two or More Genes Actigg Independegtlv. IË is not unccnmon for

geneËic studies to reveal several genes for resistance to croldn rust in

one host. l"Ilrshall and Ffyers (1961) located two dominant genes ín the

diploid Ceirch L1wyd, condiËioning resistance to race 276. The two genes

were designated Pc-32 and Pc-33 (Simons et al., L978). Murphy eË al.

(1g5S) reporËed th¿t the high resisËance of certain planËs of Ëhe diploid

C.D. 3820 to some races \¡ias conditioned by Ëhree independent dominant

genes. Those genes were designated Pc-15, Pc-16 and Pc-L7 (Simons et al.,

L978). Si¡oiLarly, Fleischmann and McKenzie (L968) tested F2 farnilies

of A. sterilis accession CAV 4gg7 x Pendek2 backcross using races 290,

2g5, 332 and M6" TheÍr results indicated that four genes in A. sterilis

accession CAV 4997 acting independently conferred resisËance to crov,Tn

rusË ísolates Ëested. These four resistance genes were designated Pc-40,

Pc-4L, Pc-42 and Pc-43.

3. Allelis_m. Linkase and Independent Assortment. Rieger et a1.

(Lg76) defined a1le1ism as "the relationship between alleles" and 1-inkage

as t'the associaËion in inheriËance of certain genes due to their being

localized in Èhe same chromosomert. Alle1isrn and línkage of genes for

crown rust resisËancehave been reviewed by Kiehn (L975). Kiehn et al.

(L976) revealed thaË genes Pc-39 and Pc-55 were either closely linked or

allelic. Harder eË al. (1980) reported that genes Pc-38, Pc-62 and Pc-63

v¡ere either closely linked or al-le1ic. Furt.hermore, the incompletely

recessive gene Pc-54 was shown to be either allelic or closely linked
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with gene Pc-35 (Martens et al., 1980)"

4. Gene Interaction. Disease resisËance is not always sÍrnply

inherited. There are many insEances in which Ëhe expression of resis-

tance is influenced by the interaction between alleIic or non-alle1Íc

genes. complementation, modifícation and episËasis are examples of gene

interact ion.

The term complementary gene action is used to describe the relation-

ship of Ëwo or more genes, which are necessary for the full expression

ofresistance.ComplementaËionamonggenesforcrownrustresistancehas

been reported in several genetic studies. Hayes et al. (1939), Hayes

(1941) and l{eetman (1942) found that the resistance of Bond to races 1,

3 and 6 was condiËioned by two dominant complementary genes. Weetman

(Lg42) also reported that the resistance of Ukraine was due Ëo two

dominant complementary genes.

It is quite possible for the expression of a resistance gene to be

affected by the action of another gene. The resistance may either be

enhanced or reduced. So far, no modifier genes have been reported for

croTrn rusË resistance ín oats, but some modj-fying genes have been noticed

in connection rvith stem rust resistance. In wheat, I(nott and Anderson

(1956) observed that in the cross Kenya 1174 x Red Egyptían, Ëhe resis-

tance of the stem rust resistance gene Sr7, to Ïace 158 of stem rust could

be enhanced in the presence of genes Sr9 and/or SrlO, which are ineffective

agaínsË race 158.

According to Hooker (1967), the term

at one locus superimposes its effect on a

inhibits its expression. Epístatic gene

crown rust resistance ín oats. Dietz and

epistasis is used when a gene

gene at another locus or

action has been rePorted for

Murphy (1930) studíed F1, Fz
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and F3 generations of Sunrise (resistant) x Fulghum (susceptible) and

found the F1 susceptible and the F2 segregated 13 susceptíb1e:3 resis-

Ëant, indícating tI,lo genes were involved; one acting as an inhibitor

of resistance. The F3 data indicated that the genotype of the resistant

parent v¡as SSii and Ëhat of the suscePtible parent ssII. Torrie (1939)

studied the ínheritance of crown rust resisËance in the cross Tot¡a 444

(suscepËible) x Bond (resisËant). The results suggesËed the presence of

tr,üo genes: S, a gene for crown rust resistance and I, a gene which

partly inhibited rhe expression of S. The masking effect of the inhibi-

tor was greater ín mature plants than in seedlings'

III. The &;Ëablished Crown Rust Resistance Genes

Ln L966, a set of rules for s¡rmbolization of genes governÍng charac-

Èers and a list of genes were published by a committee appointed by the

National Oat Conference (SÍmons et al. , L966). Since that publication,

many new genes have been discovered. Thus, to make new changes and to

reflecË the latest developments and concepts in Ëhe field, a revised

publication was issued by a second committee ín 1978 (Simons et al',

L97 B) .

The symbol for Puccinia coronaEa avenåe resistance "Pc" followed by

an Arabic numeral, was assigned to the different genes identified in the

inheritance studies. The literature on the Pc genes from Pc-l to Pc-50

r,ias covered adequately by Kiehn (L975). No attemPt will be made to

duplicate Kiehn's review and only Pc genes isolated since the discovery

of gene Pc-50 r^¡í11 be discussed.

A. Genes Pc-51 and Pc-52

Two dominant resisËance genes Pc-51 and Pc-52 were isolated from
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$. sËerilis triahl No. 8 and trlahl No. 2, respectívely (Simons et a1., 1978)'

Gene Pc-51 is in lowa Midseason isoline X 270 and early isoline X 434,

while Iowa Midseason isoline X 42I carried gene Pc-52'

B. Genes Pc-53 e¡d lc:lZ

Simons (Simons et al., 1978) identified two resistance genes from !'

sterilis: Pc-53 and Pc-57. Gene Pc-53 is incompletely dominanË" Gene

Pc-57 conditions resistance at high temperature to cÏoI^¡n rusE 264A arLd

other races.

C. Gene Pc-54

Gene Pc-54 is incompletely recessive. It confers resistance to

many of the crov,¡n rust races occurring in canada and was effectíve against

over 95% of all isolaËes tested in Canada Ln I97 8 (Iiarder , 1979). This

gene r¡ias isolated from A. sterilis CAV 1830 and CAV 1832 and was the

fírst crown rust resistance gene to be identified from Turkey. It is

allelic or closely linked with gene Pc-35 (Martens et aI., 1980).

D^ Genes Pc-55 and Pc-56

Both genes Pc-55 and Pc-56 vTere idenËified by Kiehn et al. (1976)"

Gene Pc-55 ís incompletely recessÍve. It confers resístance to cror¡ln

rusË races CR (trIinnipeg crovrn rust accession) 11, CR 36, CR 37, CR 61

and many others. This gene occurs in A. slegilis CAV 4963 collected from

Israel and is allelic or closely linked to gene Pc-39"

Gene Pc-56 is a Partially dominanË gene isolated in A. sterílis CAV

1964. It conditions resisËance Ëo races CR 11, CR 36, CR 6l and many

other s.
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E. Genes Pc-58. Pc-59. Pc-60 and Pc-61

The crown rust resisËance genes Pc-58, Pc-59, Pc-60 and Pc-61 were

identified by McDaniel (Simons et 41. , L978). Genes Pc-58 and Pc-59

were derived from 1!. sterilis P.T. 295919 and P.I" 296244, respectively'

Both confer excellenË field resistance to races 325 and 2648 (McDaniel,

Lg7Ð. Gene Pc-58 is incorporated into Tam 0-301 which ís moderately

resistant to many crown rust races. Tam O-3L2 catti.es gene Pc-59 which

is no longer effective due Ëo a virulent race which developed in I97 8 and

has become prevalent in Texas (Dr. M.E. McDaniel, personal communication)'

Coker 227 and Coker 234 catry genes Pc-60 and Pc-61, respectively

(Simons et al., L}TB). Both genes are derived from A. sterilis P.I"

2872LL and confer resistance to many races of crown rusË.

F. Genes Pc-62 Cad--Bç:-þ-3

Genes Pc-62 and Pc-63 were identified from A. sterilis cAV

4274 anð CAV 4540, respectively (Harder gf {., 1980)" Both are domi-

nant genes, conferring resistance to many crown rust races including

races cR 12, CR 37, CR 46, CR 50, cR 56 and cR 61. Gene Pc-62 is

linked or allelic to gene Pc-38 and is Possibly linked or allelic with

gene Pc-63. Gene Pc-38, Pc-62 and Pc-63 are similar in resistance

spectrum and are differentiated by races cR 102, cR 103 and cR 107.

IV. The InheriË3lce of Floret-Charasters in Oats

Reviews of the literature on the inheritance of floret characters in

oats have been made a number of times, notably by StanËon (1955),

coffrnan and MacKey (1956) and Jensen (1961). In the present review,

only floret charâcters related to the study will be menËioned, namely

awns, lemma color and lemma pubescence'
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A. Awns

OaËs are generally awned. The development and shape of the awn

depend on a multigenic system and the phenotypic expression is dependent

on environmenË, ontogeneËic sequence and genes with inhibiting effect

(Coffoan and MacKey, 1956). The different tyPes of awns are generally

classified under three headíngs (Fraser, I9L9): (1) strong awns which

are 1ong, stiff, geniculate wiËh Ëhe Lower portion dark in color and

Ëwisted in a clock-wise directiont (2) medium-strorig ariTns which lack the

geniculation, are less sËiff, generally twisted at the base, are dark

in color on the twist.ed part and often curved; (3) weak awns which lack

the tendency Ëo twist and the dark color and are usually straighter. In

cultivaËed oats, Tlreak awns develop on the primary floret only and 40%

to 95% of the spikelets may be completely awnless. Since Ëhe expression

of the character is much influenced by environmenË, so-ca1led awnless

varieties are seldom completely awnl-ess under all conditions (Jensen,

1e61).

Due Ëo the inËerfering action of an inhibitor gene (Fraser, 1919),

monogenic segregation is generally reported for strong awns x awnless

as well as for medium-strong or !,reak a$rns x awnless (Love and Fraser,

l9L7; Fraser , l9L9; Torrie, 1939).

SËrong awns have been reporLed to be completely linked with the

wild-type artículate spikelet (Surface, 1916; Florel1, 1931). Fraser

(1919) noted strong linkage between A. sterilis base and the fully awned

condiËion with about 4.14% crossovers. Middleton (1938) also obÈained

compleËe linkage of the $. steriLis base with the Ëwo strong awn

characËers.
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B. Lemma Color

oats are generalLy grouped into black (including brown), red, EîeY,

yellowandwhiteoats(SËanton,1961).IncompleËeepistasisinsome

cases and Èhe existence of modifying and intensifyíng genes prevent dis-

tincË borderlines beft,¡een each grouP (Coffman and MacKey, 1956) ' In

addition, the expression of Éhe color is greatly influenced and sometimes

obscured by sËage of maturÍty and by external conditions such as the

degree of weathering (Jensen, 196L). Gross differences are usually

distinguishable but the difficulty in classification arises between

closely related shades of co1or, as between yellow and white (Coffnan

and MacKey, 1956; Jensen, 1961).

Genetic studies on the inheritance of lemura color reveal that there

might be one (Nilsson-Ehle, L9O9; Hayes eË al' , I92B; Torrie' 1939)' t\''o

(Nilsson-Ehle, 1909; I'Ielsh, L931) or three (Nilsson-Ehl-e, 1909; Fraser,

1919) genes conditioning Ëhe expression of any sns fsfÍm¿ color ín oats'

No evidence of linkage has been found beËween any of the genes for lemma

color (Coffrnan and MacKeY, L956).

C. Lenma Pubescence

LemmapubescencemayvaryfromdenseËoScatËeredhairsonËhe

Latera! and dorsal surface of the Leunna. This tyPe of hairiness uray be

produced on the primary floret in each spikelet only or on Ëhe secondary

floret as well and is rare in cultivated oats, but cornmon in wild species

(coffman and MacKey, L956; Stanton, 1961). Two independent genes (P1,

P2) have been found regulating lemrna pubescence which is dominant or

semi-dominant to smooth lemina (Jensen, 1961). l'lonogenic segregation

(surface, Lgl6; Love and craig, 1-918; Philp, 1933) as well as segregation

for Ëwo genes (Love and craig, 1918; Nishiyama, L937) have been reported'
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V. Chromosome Pairing in Interspecific Hvbrids

ÏhecultivaËedoatrS$enaÉtivaL'isanallohexaploid(2n=6x=

=42)withEhegenomicformulaAACCDD.Thewildoathexaploidspecies

.,,nh âs A- sterilis have Ëhe same basic chromosome structure as !'

sativa (Rajhathy and Thomas, Lg74)' At the hexaploid 1evel' species

hybrids anaLyzed by Nishiy ana (L929), Philp (1933) and spier (1934) were

all essenËially normaL in Eheir chromosome pairing with 2l rr forming

regularly.ThefertilítyoftheFlhybridslterefoundequaltothatof

theParents(AaserLg35)'However'interchangeshavebeenfoundin

specieshybrids(LadizÍnsky,1970)andÈheoccurrenceofunivalentsin

some hybrids were reported by Joshi and [Ioward (1955) ' obviously' some

minor structural differences exist beËween species" Accordíng to several

invesËigaËors (Rajhathy and Thomas' L974 Thomas and Bhatti' 1975) )

chromosomaldifferentiationisapparentlyacontlonfeatureatalllevels

of ploidY in the genus Avena'
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MATERIALS AND METI1ODS

I. PLant Materíals

A. sterilis is a wíld hexaploid oat species, very coünon in the

Mediterranean area (Rajhathy and Thomas, L974). Numerous good crown rust

resisLance genes have been found in A. sterilis (Sinons et al., L978)'

The A. sterilis accessions used in this study were selected through pre-

liminary screening tests of A. sËerilis materíals from numerous collect-

ing expeditions (MarËens et al., 1980). These accessions all showed

excellent seedling resistance Ëo ísolates of more than eighË crown rusË

races used in the screening tests.

In addition to their seedling resistance, the three A. steriLis

accessions vJere chosen on Lhe basís of Ëheir relatively díverse origin.

CAV (Canadian Avena) qZq.g was coLlected from TiË-Mei.lil, Morocco; CAV

4656 was from Tizi Ouzov, Algeria and CAV 4904 originated from Algiers,

Algeria. Thus, these accessions may possess cro\¡7n rust resisËance genes

differing from each other and from those previously isolated frorn 3!.

sterilis.

All three accessions have the typical floret characters of A.

s!eti-l-is: Ëhe lemma is covered with a dense growth of hairs and both

florets of the spikelet bear long, strong, twisted and geniculate ar{ns.

The leuma color of CAV 4248, CAV 4656 and CAV 4904 is dark grey, light-

medium grey and dark brown, respectively.

Sun II is a Swedish variety released in 1940. This oat variety

was produced from a cross beÈween SËar and Eagl-e (Akerman, L94B). Sun II
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is susceptible to all known isolates of crown rusË' IË

as genetic background in many geneEic (l'Iattsson, L975)

studies (Hacker , 1965; Lin, f96B; Leggett , L977).

Sun II is a v¡hite-seeded variety with infrequent'

has been used

and cytogenetic

weak, non-twÍsted

awns. The lemmas are glabrous.

Descriptions of the three !. sterilis accessions and Sun II are

sunmarized in Table I. Their reactions to 15 races of clown rust are

presented in Table II.

The suscepËible variety Sun II was used as the male parent in crosses

wiËh each of the !. sterilis accessions. It v¡as used as the male parent

again to cïoss with the F1 plants to produce at least 130 backcross seeds

from each combinaËion. The backcross F, plants were grown in growth

cabiners (18 h phoroperiod; 13oC night and 18oC day) to produce sufficienË

EZ seeds for conducting genetic studies. To avoid ouËcrossing beËween

the backcrosses, the F1 planËs of each backcross v¡ere gror,Tn in separaËe

growth cabinets. Some seeds failed to germinaËe while a few others

failed to produce much seed, thus reducing the number of farnilies that

could be used in this studY.

II. Pathological Tests

To investigâte the inheritance of crown rust. resistance in the A.

sterilis accessions used in this study, rusË Ëests \¡tere conducted on the

F2 backcross families at Ëhe seedling stage. The same Progenies were

tested aË the flowering stage in both the greenhouse and in the field in

order to deËermine the adult sËage resistance to crou¡n rust. For all

rust Ëests, the parental 1ines, Ëhe standard inËernational differential

varieties (Simons and Michel, 1964) and Ëhe Pc lines (E"cci"ia coronaËa
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differential lines) were planËed along with Ëhe tesË progenies.

AII rust tesLs were conducted in the greenhouses from August, 1980

to May, 1981 except for the field rust tests which took place in the

sunner of 1980.

III. Test Rust Cultures

Crown rust races ü7ere chosen Ëhat represent a wíde range of virulence

on the sËandard set of differential varieties (Simons and }lichel, L964)

and on Ëhe Pc- genes previously isolated from A. sËerilie. The virulence

characteristics of the races used are given in Table III. The rust

isoLates origínated from field rust surveys, and are maintained at the

Agriculture Canada Research SËaËion, ![innipeg. The races are ídenËified

by CR (I,Iinnipeg cro!ùït rust accession) nunbers. The purity of races was

tesËed on Ëhe differential hosts both before and during rust Ëests.

All rust tests conducËed in the greenhouse htere done by spraying the

plants wiËh a concentrated suspension of urediosPores of Ëhe desired race

in Shel1 InsecËicide Base Oí1 50. After spraying, the oil was allowed

to evaporate off for about 30 minutes. Then the plants were incubated

at hígh reLaËive humidity under a polyethylene cover for about 24 h.

During this time, the greenhouse lights were turned off and the tempera-

ture !,ias set at 15oC. After 24 h incubaËíon, ËemPerature was maintained

at about 20oC. Natural f.ighLing was supplemenËed with fluorescent

lighting for 18 h per day. The plants vrere scored for rust reaction 12

to 14 days after inoculation.

IV. Classificatiol for Reactíon to Crov¡n-Rust

RusË reactions \Átere recorded according to pustule type, using Ëhe

method described by Murphy (1935). The F2 backcross families were
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classified as either segïegating or suscePtible to crornn rusf'

V. Greenhouse Rust TesEs

From each of the Ëhree backcrosses, 109 to L4L F2 famílies were

tesËed for seedling rust reactions with five races of crown rust' The

races were cR 12, cR 13, cR 20, cR 25 and cR 36. Approximately 15 seeds

of each backcross family \.rere solùn in a greenhouse bed for each planting'

Two crown rust races r¡7ere employed on the first Ë1"Io Plantings' At each

planting, lhe seedlings were inoculated wíËh one race at the one- Ëo

two-leaf stage and wÍËh another race at the two- to three-leaf sËage

(about 6 days later).

on the Ëhird planting, the plants T^tere thinned to about eight

plants per family after the fifth seedling test vias recorded' The

remaining plants T¡iere allowed to grovù and were inoculated with tvlo more

races at. the flowering sËage, one race after another 6 days apart' The

inoculum used for the first inoculation r,¡as CR 36 and for Ëhe second,

CR 13.

In order to learn more about the inheriËance of resistance in the

three A. sgerjlis accessions, selected segregating and susceptib]-e F2

backcross famílies were further tested with more crown rust râces' Five

segregating and ll susceptible F2 families I,veÏe selected from the back-

crosses involving CAV 4656 or CAV 4904. From the backcross involving

c/{v 4248, 17 families segregating for crown rust resistance and 11

susceptible families were selected. The plantings and inoculatíons

\,ùere performed as described previously, each time using dif f erent rust

races, to obtain the reactions Ëo a total of nine additional races

(CR 11, CR 46, CR 56, CR 109, CR 116, CR 120, CR 123' CR 124 and CR 136)"
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VI. Field Rust Tests

Tn Ëhe suurmer of 1980, all the F2 backcross families were tested

at Glenlea f.or adult-stage resistance in Lwo isolated sites about 400

meters apart. About 15 seeds of each farnily were sown per row. An

epidemic of rhe desired race !ùas induced artificíally by inoculating

susceptible plants in spreader rows. Race CR 13 was applied to one site

and race CR 36 to the other siËe. Inoculation with a hypodermic syringe

was done by ínjecting an aqueous suspension of urediospores into the

hollow stem of the suscepËible plant aË the five- to six-leaf stage.

Adult plants were classified as resistant, moderately resistant,

moderately susceptible or susceptible to cror^rn rusË and the families

were then classified as either segregating or uniformly susceptibLe.

The crown rust classifícation T¡tas based primarily on Ehe reaction of

the flag leaf.

VII. Test for Allelism

To determine the identiËy and linkage characteristics of the

resistance genes present in the three accessions, lines of Pendek

(Table IV) carrying the single genes Pc-35, Pc-38, Pc-39, Pc-40, Pc-45,

Pc-46, Pc-48 and Pc-56 were used as the male parents in crosses with

each of the A. sterilis accessions. The F, plants from these crosses

were grovTn Lo maturity in the greenhouse beds. As the panicles of the

F1 plants emerged, they were bagged to obtain selfed F2 seeds. Progenies

of the crosses involving genes Pc-35 and Pc-40 and of C^V 4248 x Pc-38

were inoculated with race CR 106. The rest were inoculated with race

CR 12. All Ëhe F2 seedlings were gro\¡rn in sterilized soil to avoid the

presence of volunteer plants.
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TABLE IV" Pedj-grees of l-ines
resistance genes derived
parents in crosses.

contain-ing single crowrr
sterilis usedfrom Avena

rust
as

Crov¡n rust
resistance gene Pedigree

Pc-35

Pc-38

Pc-39

Pc-40

Pc-1+5

Pc-46

Pc-À8

P c-56 x Pendek4

f srael-

Algeria

Israel

Israel

Israel

Israel

Israel

Algeria

Pendek4 xDL37

CAv 2648-/+ x Pendek4

cLv 5165

Pendek2

Pendek4

Pendek4

Pendek2

cLv L964

Pendek4

cLv 4997

cAV 5050

CAV 5IL5

cAV 5041-

Origin
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VIII. Floret Characterization

The floret characters studied were a\,Jns, lermn pubescence and lenma

color. Each of the Bc1F1 plants was classified visual-ly for these

floret characters. At leasË six F, plants from each Bc1F1 plant were

classified on the basis of either segregating or uniform for each floret

characËer.

rx. Gengtic Analvsis of the Data

The chÍ-square rnethod was used to test Ëhe validity that the observed

population segregation raËios fit a Ëheoretical ratio. The Bc1F2 families

were also tested for linkage of the various characters using a chi-

square test. for independence. The recombination values were determined

by the product method as outlined by Stevens (1939) '

X. Cvtological Techniques

only the Ëhree a. sterilis accessions, sun II and Eheir F1 hybrids

were observed cyrologically. For chronosome counts' root tips were

collected from seedlings germinaËed on moist filter PaPer" The excised

rooË tips were pretreated in ice chilLed watel (flo to +2oC) in a

refrigerator for approximaEeLy 24 h and afterwards fixed in Farmerrs

fixarive (3 parts 85% ethyl alcohol:1 part glacial aceËic acid) for

about 2 ð.ays. The fixed rooË tips were hydrolyzed in lN HC1 for 7 minutes

and then transferred to Fuelgents solution for staining. After 30 minutes'

Ëhe stained root tips were ready for squashes in proprionic carmine' The

chromosome number l{as recorded from observations of cells at the nitotic

meËaphase stage

For meioËic studies, immaËure panicles were fixed in carnoyrs fluid

(6 parts 857" ethyl alcohol:3 parts chloroform:l parË glacial acetic acid)
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for about 2 days. Anthers were sguashed ín a drop of iron-acetocarmine

and Ëhe chromosomes leere examined. Meiosís was observed at mosË of the

stages with emphasis on metaphase ï, anaphase I, telophase I and tetrad

stages. Chromosonal variation was examíned by a comparison of meiosis

behavior beËween parental Lines and their hybrids.
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RE SIILTS

I. The Inheritance of Crown Rust ResisËance

For Ëhe purpose of clarity, results obtained with each cross will be

discussed separately, under the heading of the resisËanË A. sterilis

parent used.

A. CÃV 4248

The F2 backcross families of C^V 4248 x Sun II2 were tested with races

CR 12, CR 13, CR 20, CR 25 and CR 36. ResulËs of the rust tests are shown

in Table V. ItiËh race CR 12, the segregation of F, backcross families

fÍtted a single gene raÈio (1:1 ratío, P = 0.20 - 0.30). trJhen backcross

families v'tere tested with race CR 20, 101 families segregated, including

all 63 families which segregated Ëo race CR 12, while 40 families were

susceptible. The resulËs give a satisfactory fit Ëo a ratio of 3 segre-

gating:1 susceptible (P = 0.30 - 0.50), indicating the presence of two

genes conferring resístance to race CR 20, one of which also conferiresis-

tance to race CR 12.

All 63 farnilies segregating to race cR 12, as well as 39 families

susceptible to Ëhis race, segregated to race cR 36, while 39 families

were susceptible to race cR 36. The ratio of. L02 segregating to 39

susceptible famil-ies (3:1 ratio, P = 0.30 - 0.50) indicates that tvio genes

conferred resistance to race CR 36, one of which also conferred resistance

to race CR 12.

llhen tesËed with race CR 13 and CR 25, backcross farnilies Èhat segre-
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TABIE V, Segregation for crown rust
familles of CAV h2h! x Sun II2"

resistance in F, backcross

Crown
rust
race

Plant
staEe

,.dlnocu,Lateo

No. of families

Segregating Susceptible Ratio

CR 12

CR 13

cR 20

cR 25

cR 36

lst l-eaf

Ist leaf

lst lea-f

2-3 Leal

2-3 Leaf

63

r23

101

L23

ro2

78

18

40

18

39

1:I

7:I
e.1

7zL

3:L

o"2o - o"3o

0"90 - 0.95

0.30 - 0"50

o"go - 0.95

0.30 - 0"50

a-ftaces
Races

to the
to the

CR 13 and CR 25
CR 20 and CR 3ó

were applied
were applied

same planting"
same planting.



gaËed for resistance Ëo races CR 12, CR

resistance to Ëhese two races, while 18

The results obtained gave a good fit to

tible, indicating Ëhe presence of three

races CR 13 and CR 25.

30

20 or CR 36 aLso segregated for

families remained suscePtible.

a ratio of 7 segreeating:1 susceP-

genes conferring resistance to

From these results, iË was concluded that there were three genes in

CAV 4248 conferring resistance to five races tesËed. The probable geno-

type for crorùn rust resistance in CAV 4248 Ls presented in Table VI" The

three resistance genes in CAV 4248 wiLL be referred as A, B and C. Gene

A conferred resistance to all ïaces tested. I^Ihen tested with race CR 12,

the rust reactions of plants withín segregating families índicated that

the gene is noË completely dominant. A large class of plants showing a

moderately resistant reaction rvas obtained. By combining Ëhe moderately

resistanË class with the resistant class, a good fiË to a 3:1 ratio of

resistanË to susceptible plants was obtained.

Gene B conferred resistance to races CR 13, CR 20 and CR 25, but

not Ëo races CR 12 and CR 36. ltrhen Ëested with race CR 20, within

segregaËing families lacking gene A, the rust reaction of plants indi-

cated thaË gene B is noË completely dominant. There r¡lere a large nuuber

of plants showing moderaËe resistance. However, when Ëhe same fanilies

rsere tested with races CR 13 and CR 25, a rat,io of 209 resistant:72 sus-

ceptíble was obtained (3:1 ratio, P = 0.80 - 0.90), indicating that resis-

tance is conditioned by a single dominant gene. Apparently, the degree of

dominance may vary with the rust races used andfor Ëhe condiËions of the

test.

trIhile gene C conditioned resistance to races CR 13, CR 25 and CR 36,

it was susceptible to races CR 12 and CR 20. llithin segregating families
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TABLE W. Reaction of F^ backcross families of CAV tQhB x Sun II2 and
probable resistance fenotypes.

Bc-F- 
Reaction of families to racesa 

No. of famiries
tti ' cR 12 cR 13 cR 20 cR 25 cR 36 obserr¡ed

genol)¡pes

Aa Bb Cca
I

AaBb cc I ^ t ^ ñr, ùeg. ùeg. ùeg. Seg' Seg. 63
AabbCc I

I
Aa bb ccJ

aa Bb Cc S Seg. Seg. Seg. Seg" I7

aa Bb cc s sug.4 sug.2 s"g.4 s 2L

aa bb cc s s"g.5 s s"g.6 s"g.3 22

aabbcc S S S S S 18

atfie ratio within segregating families ï,{ere as follows:

1"""" CR 12 63t n:149 Iß: 278 S plants P for a 3:I ratio = o.3O - O"5O

2"u"" CR 20 ]r9g R2266 MR:1J2 S plants P for a 3:I ratio = O.2O - O"3O

3"^.. CR 36 8ó R: 77 ItR:lOl- S plants P for a 3zJ- ratio
4"""" 

9l l? 2oJ Rz o MR: /2 s plants P for a 3:l- ratio = o.8o - o.9oor CR 25

5"u". CR t3 L65 W 22 tug.z;¡26 S plants P for a 3zL ratio ( O.OOI-

6"u"" 
CR 25 ]-.37 R.50 MR:L26 S plants P for a 3tL ratio < O.OOI
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conËaining'geneconly,thereT¡Tasapoorfittoa3resístant:lsusceptible

rario wirh the tests involving races cR 13, CR 25 and cR 36 (ra¡1e Vl)'

The reaction of the CAV 4248 x Sun IÏ2 backcross families to the

five races tested gives a good fit to a 4zL:1:1:1 ratio (P = 0'50 - 0'70)'

indicating that genes A, B and C segregate independentl-y'

The same F2 backcross families were tesËed for adult-sÈage resistance'

TesËs with races cR l-3 and cR 36 were conducted in the greenhouse and in

the field. It was found that there were no differences in rust reactions

among seedling and adulc stage tests. Thus, all three genes condition

resisËance throughout the life of the planË'

In order to learn more about Ëhe inheriËance of resistance in cAV

4248, selected farnilies segregating to five races, four races (aaBbcc)

or three races (aaBbcc or aabbCc) and 11 susceptible families were ino-

culaËed with nine addiËional races (cR 11, CR 46, CR 56, CR 109, CR 116,

cR 120, CR 123 , CR L24 and CR 136). None of the susceptible families

segregaËed to any of the nine races tested, indicating that there are only

three resisËance genes in CAV 4248: genes A, B and C' As shown in

Table VII, gene A conditions resistance to all races tested except for

race CR l-36. Gene B confers resisËance to races CR 11, CR 46, CR 56,

CR 116 and CR 123, but not Ëo races CR 109, CR 120, CR L24 and CR 136'

Gene C confers resisËance to races CR 46' CR 109 and CR 123, but not to

races CR 11, CR 56, CR l-16, CR 120, CR L24 and CR 136'

The infection Ëypes produced by each gene Ëo the races tested may not

be consistent as Ëhey are presented in Table VII" Further rusË tests

on homozygous Bc1F3 faniLies will be required Ëo accurately ascertain the

infection type condiËioned by each gene to a particular race.

ResulËs of rusË tesËs on the F2 PoPulation of crosses of CAV 4248 arld
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lines possessing crown rust. resistance genes Pc-35, Pc-38, Pc-39, Pc-40,

pc-45, Pc-46, Pc-48 and Pc-56 are sho\,rn in Table VIII. For various

reasons including shrivell-ed crossed seeds and the high sterility of

some F1 plants, the F, PoPulation size obtained was not as large as

desired. Moreover, vJhen rust Ëests T¡rere conducted on the tesË Progenies,

the exact nature of the inheritance of croï¡Jn rust resistance in CAY 4248

r¡las sti1l unknown, resulËing in the use of inappropriate rust races.

Gene C does noË confer resistance to both races CR 12 and CR 106, whil-e

gene B confers resísËance only to race CR 1-06. Gene A confers resisËance

Eo both races. Thus, of the Ehree resistance genes in CAV 4248, onLy

gene A was fu11y Ëested and gene B was partly tested with respect to the

interrelationship with the Pc-genes.

As shown in Table vrrr, a good fit to 63:1 ratio r¡¡as obtained for

crosses Ínvolving genes Pc-35 and Pc-38, indicaËing Ëhat genes A, B and

the Ëwo Pc-genes acted as dominanË genes and that they were independent

of each other.

WiËh the cross involving Pc-40, a small F2 population was tested.

The insufficient number of seeds obtained was largely due Lo two facËors.

The endosperms of almosË all crossed seeds failed to develop normall-y.

Also, due Ëo high sterility of the only F1 plant, seed set l¡ras very Poor.

Thus, although a good fit to a 63¡1 ratio (P = 0.30 - 0.50) was obtained,

it was not possible to conclude that genes A and B are independent of Pc-

40. Further tests are required.

I,Ihen the crosses Tdere tesËed with race CR 12, a good fit to a ratio

for two genes was obtained, indícating that gene A and the Pc-genes are

independenË of each other. A good fít Ëo a 13:3 raËio of resistant to

susceptíb1e seedlings rüas obtained in crosses involvíng genes Pc-48 and
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Pc-56, while crosses involving other Pc-genes gave a good fit to a 15:1

raËio. The 13:3 ratio obtained could be due to the fact that either gene

A or genes Pc-48 and Pc-56 must act as a recessive in those crosses'

This excess of susceptible plants clearly demonstraËes that these genes

are independent of each other.

Unfortunately, the interrelationships of genes B and C and Pc-genes

generally remain unknown. Crosses wiËh homozygous Bc1F3 plants of

desirable genot)pes (aaBBcc and aabbCC) and the Pc-genes will be required

before further rust tests can be conducted Ëo determine the relationship

between these genes. Nevertheless, it is sti1l possible to Postulate

that genes B and C are distinct from knorvn Pc-genes previously isolated

from A. sterílis. From Table VII, it is clear that genes B and C are

distínct genes, based on the infection types and Ëhe spectrum of their

resistance to 15 different races.

Compared to the Pc-genes previously isolated from A. qËeJil-i"' gene

A seemed to have similar spectrum of resÍstance to Ëhat of gene Pc-62"

To test whether Ëhese tvro genes were the same, race CR 107, virulent on

gene Pc-62 was used on families heterozygous for gene A. Gene A was

shown to confer resistance to the race tested (Table VII), Ëhus it is

considered to be distinct from gene Pc-62.

B. cAv é6s6

In the CAV 4656 x Sun II2 cross (Table IX), 62 F2 backcross families

segregated alike for resistance to races CR 12, CR 13, CR 20 and CR 25,

while 68 families were susceptible. The 1:1 ratio (P = 0.50 - 0.70) of

segregatíng to susceptible families indicates that a single gene conditions

resistance to Ëhese races. The rust reaction of plants wiËhin segregating

families indicaËed thaÈ the gene is not completely dominant. A large
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class of planÈs giving a moderately resistant reaction was obtained'

Still, there r{as a poor fiË Ëo a 1:2:L ratio with all rust tests as

shown in Table IX.

All the F, backcross families were susceptible Lo race cR 36, as

were Ëhe Parents.

ResulËs on adult plant tests conducted in the greenhouse and in the

fíe1d with races CR 13 and CR 36 agreed with each other. Al1 F2 back-

cross families of CAV 4656 x Sun II2 were susceptÍble to race CR 36'

This is not surprising since CAV 4656 does not confer resistance to thÍs

race at the seedling stage. With race CR 13, F2 backcross families which

segregated for resistance at the seedling stage also segregated aË the

adult stage. However, iË seems thaÈ resistance decreases with age of

the plant. At the seedling stage, CAV 4656 conferred a (;)(t)+ intection

t)æe to race CR 13. IË is considered to be quite resistant to this race'

BuË at the adult stage, CAV 4656 gave from a moderaËely resisËant to

moderately susceptible reaction.

In order to learn more about t,he inheritance of resistance in CAV

4656, five segregating and 11 susceptible F2 backcross families $rere

selected for furËher tests wíth races CR 11, CR 46, CR 56, CR 109, CR 116,

CR 120, CR 123, CR L24 and CR 136. Results obtained indicate that the

gene in CAV 4656 confers resistance to all races tested excepË race CR

109. Again, as in earlier extensive seedling rust tesËs' a large number

of plants showing intermediate infection Ëypes and an excess of susceptible

plants were present in segregatíng families. Susceptible families

remained susceptible to all races used. Thus, these results further

verify the fact that resisËance in CAV 4656 is due to a single gene and

that this gene is Partially dominant.
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Línes of Pendek carrying the single genes Pc-35, Pc-58, Pc-59, Pc-

40, Pc-45, Pc-46, Pc-48 and Pc-56 were used as the male parents in

crosses \^iith CAV 4656. Results of seedling crown rust tests on the F,

of these crosses are presented in Table X" Both genes Pc-35 and Pc-40

do not confer resistance to race CR 12, thus race CR 106 was used insËead

on crosses involving these two Pc genes. It was noted that plants with

intermediate infection types again were present in all crosses except in

the cross CAV 4656 x Pc-48. The number of Ëhese plant.s obËained varied

wiËh each cross. By combining these intermediate plants with the resis-

Ëant p1ånts, a good fit to a 15:1 ratio of resistant to susceptible plants

was obtained in all crosses. This indicaËes that the resistance gene in

CAV 4656 and the Pc-genes are independent of each other" This test also

establishes the fact that Ëhe resistance in CAV 4656 is due to a single,

partially dominant gene.

c" c¡.v 4904

of rhe Log F2 families in the cAv 4904 x Sun II2 cross (Table XI),

56 segregated for resistance Ëo all five races tested, while 53 were

susceptible. This is a good fit to a ratio of 1 segregating:1 suscepËib1e

(P = O.70 - 0.80), indicating that a single gene confers resistance to

these races. Iùithin segregating families, the number of resistant and

susceptible plants fit a 3:1 ratio' indicating that the single gene is

dominanË,

Results of adult plant tests conducted in the greenhouse and in the

field with races CR 13 and CR 36 were similar to those of the seedling

tests" Therefore, the resistance gene in CAV 4904 conditions resistånce
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Ëhroughout the life of the Plant.

Five segregating and 11 susceptible backcross families v¡ere tested

with nine more races. It v¡as found that the families which had segre-

gated previously to the five races also segregated for these races. The

resistant plants within segregaËíng families consistently produced either

a (0)(;) or a faint (;) infection tyPe to all races tested. Thus, iË

appears that the resistance gene in CAV 4904 conditions excellent resis-

tance to many races.

Two of 11 susceptible families segregated for resistance to race

CR 56. Since this resistance was observed to only one of the 14 races

tested, the explanation for this resisËance was not clear"

The results of seedling crown rust tests on the F, populatÍon of

crosses between CAV 4904 and lines of Pendek possessing single Pc-genes

are shown in Table XII" The progenies of the crosses involving Pc-35 and

Pc-40 r¡rere tested with race CR 106. In the crosses involving genes Pc-35,

Pc-38, Pc-39, Pc-40, Pc-45, Pc-48 and Pc-56, the F2 progeny segregated

in a 15 resistant:1 susceptible ratio, indicating the presence of Ëwo

independent dominant genes. I,{ith the cross CAV 4904 x Pc-46, no susceP-

tible plants \¡7ere obtained in a populatÍon of 668 F2 plants. This suggests

Ëhar gene Pc-46 and the gene CAV 4904 are either .io""ly linked or

aIlelic.

II. Inheritaqçe-q_f FlgEet- Charaçters

In addition to Ëhe study of inherítance of crown rust resistancer Ëhe

three backcrosses \^7ere studied for Ëhe inheritance of floret characters"

Each F, olant of the three backcrosses rrras classífied for awns, lemma

"t"

'i
I
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color and letrna Pubescence. The progeny of the Bc1F1

fied as either segregating or non-segregatíng to each

summarized description of Ëhe parents is presented in

A. CAV 4248

In rhe C^V 4248 x Sun II2 cross (TabLe XIII), 65 backcross famil-ies

segregated for sËrong awns while 69 f.amilies were non-segregating' The

1:1 ratío (P = 0.70 - 0.80) of segregating Ëo non-segregating families

indícates that a single gene controls the development of awns in CAV

4248.

Of the L34 backcross families, 68 segregated for grey leruma color

while 66 were non-segregating (1:1 ratio, P = 0.80 - 0.90), indicating

Lhe presence of a single gene governing grey lermna color. A monogenic

ratio was a1 so obtaíned for Lemra pubescence.

B. CLV 4656

The CAV 4656 x Sun II2 backcross F, families, as shown in Table

XIII, gave an excellent fit to a 1:l- ratío for strong aT¡rns. It is evi-

dent that one gene governs this character. A good fit to a ratio of one

F, backcross family segregating for lerma pubescence to one homozygous

for glabrous lemma, indicates that lernma pubescence ís also controlled

by a single gene.

Of the L27 backcross familiesr g4 segregaËed for grey leruna color,

while 33 were non-segregating. The 3:1 ratio (P = 0.70'0.80) of segre-

gaËing to non-segregating fanilies indicaËes that LhTo genes govern grey

lenma color.

plants was classi-

characËer. A

Table I.



C
ro

ss

C
A

V
 4

24
8 

x 
S

u¡
r 
II2

cÃ
v 

l+
65

6 
x 

S
un

 II
2

C
A

V
 4

90
4 

x 
S

un
 II

2

l\o
. 

ot
 

ta
m

ra
es

"S
"g

. 
=

 S
eg

re
ga

tin
g;

 
N

on
-s

eg
. 

=
 N

on
-s

eg
re

ga
tin

g

T
A

B
LE

 X
III

. 
C

la
ss

ifi
ca

tio
n 

of
 f

lo
re

t 
ch

ar
ac

te
rs

 in
 F

, 
ba

ck
cr

os
s 

fa
m

ili
es

.

S
eg

. 
N

on
-s

eg
.

65
 

69

63
 

6t
+

53
 

À
8

A
w

ns R
at

io

1:
 l

-

l: 
l-

1:
1

0.
70

 -
 0

.8
0

0.
90

 -
 0

.9
5

0.
50

 -
 0

.7
0

N
o.

 o
f 

fa
m

i]-
ie

s

S
eg

. 
N

on
-s

eg
.l,e

m
nn

 c
ol

or

68
 

66

9t
+

 
33

5l
+

 
l+

7

R
at

io

1:
1

3:
I

l-:
1

0.
80

 -
 0

.9
0

0.
70

 -
 0

.8
o

0.
30

 -
 0

.5
0

N
o.

 o
f 

fa
m

ili
es

S
eg

. 
N

on
-s

eg
.

Le
m

rn
a 

pu
be

sc
en

ce

69
 

65

63
 

64

5l
+

 
I+

7

R
at

io

l:1 Ì: 
l-

1:
 l-

0.
70

 -
 0

.8
0

0.
90

 -
 0

.9
5

0.
30

 -
 o

.4
0

Þ (t
r



46

c. cAV 4904

In Lhe CAV 4904 x Sun II2 cross (Table XIII) , 53 FZ backcross

families segregated for strong awns while 48 faurilies were non-segregating.

The 1:1 ratio (P = 0.50 - 0.70) of segregating to non-segregating families

indicates that awn developoent is controlled by a single gene in CAV

4904.

A similar kind of segregation vJas obtained for lemma color and lemna

pubescence. The P values of 0.30 - 0.50 for both characters indicated

that segregation for broron lenma color and lemma pubescence were in

agreement with the proposed 1:1 raEio.

III. Association BeËween Characters $tudied

Tests o' .""o"r aracters, using

the Chi-square test for independence. As shown in Tables XIV and )W, no

linkage rel.ationships couLd be detected beLween the three floreË charac-

ters and reaction Ëo crown rust in any of the crosses studied.

ResuLts of the X2 tesË for independence between the Ehree floret

characters in all of Ëhe crosses showed that the gene for sErong awns and

the gene for grey lewra color r.rere associated by a recombination value of

4.58 f L.86% in CAV 4248 (Table XVI). Moreover, the data from the Ft

families of CAV 4656 x Sun II2 cross and CAV 4904 x Sun II2 cross (Table

XVII) showed that the gene for lemma color is linked with the gene for

lernma pubescence. In the C^V 4656 x Sun II2 cross, there are Erdto genes

governing grey leuna color, Èhus it is not known which of these tvro genes

is associated with the gene for leuma pubescence by a recombinaËion value

of 28.30 + 4,87%. For CAV 4904, no recombinant classes were obtained,

thus the gene for brown leura color and the gene for le¡mra pubescence

appear to be allelic or tightly linked.
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In CAV 4248, lemma pubescence $7as inheriËed independently of awns

and lernrna co1or. Ar^rns v¡ere inherited independently of lernma pubescence

and lemma color in CAV 4656 ar.d CAV 4904 (Tables XVI and XVII).

rV. Chromosome Pairing in Interspecific ilvbrids

The chromosome number of the three 4. sterilís accessions, Sun II and

the F1 hybrids r¡ras determined. Alt t.ad 42 chromosomes. The behavior of

the chromosomes was observed in microsporocyËes aË meËaphase I (MI) and

subsequenË stages. The self-fertility of Ëhe parents, the F1 planËs and

the BC1F1 planEs was determined by scoring percent seed set, assuming a

maximum of two florets per spikel-eË. For each plant, only the top 10

spikeLeËs of the panicle of the main tiller \Á7ere scored. DaËa from several

plants were combined for analysis.

A. lleiosis in the Parents

The only meiotic irregularity observed in the parents rtras the

occurrence of one or more univalenËs. These, and the products of Èheir

division, could be seen at MI and subsequent stages. The frequency of

meioËic irregularities in the parenËs is shown in Table XVIII. IË can be

seen that about 5% of the pollen moËher celLs (P.M.C.'s) of Sun II had

irregular meiosis at lfi. The A. sterilis accessions had a higher fre-

quency of írregular meiosis at MI. It was L5% and 14,2% for boËh CAV

4248 and CAV 4904, respectively. No data were obËained for CAV 4656.

The seed set of the parenËs was calculaËed to be over 90%. Thus, it seems

that fertility of the parents Tnras not affected by the irregular meiosis

aÈ the observed frequencies.
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B. l{eiotic Behavior of F1 Plants

A relatively high frequency of irregular meiosis was observed in all

F1 plants, as shown in Table XVIII. The frequency of irregular meiosis

ar l4I was 55.07", 42.9% arrd 5L.4% for F, plants of CAV 4248 x Sun II,

C^V 4656 x Sun II and CAV 4904 x Sun II, respectively. The mean frequency

of univalents per P.M.C. observed aË telophase I (TI) in all hybrids was

similar to the mean frequency of univalents at Ml. Based on Lhe data

obtained from F1 plants of the cross CAV 4656 x Sun II, it seems that there

was little difference in the frequency of irregular meiosis obtained at

various meiotic stages.

The main meiotic abnormality observed in all hybrids was the appear-

ance of univalenËs (rnostly tvJo or four univalents). The univalenËs

observed showed characterÍstic movemenËs at various stages of meiosis.

At I'fI , while the bivalents move to the equatorial plate, the univalents

usually lie off Ëhe plate (Plate 1II, Fig. A). At anaphase I (AI), mosË

of Ëhe univalents move to Ëhe eguatorial plate after the disjuncËion of

the bívalents (Plate I, Fig. C; P1aËe III, Fig. B). The later behavior

of the univalents is variable: (1) Ëhey may pass Ëo the poles undivided,

where they may or may not be included in the TI nucleus (P1aËe II, Fig.

F) and then divide normally at the second division (P1aËe II, Fig. H;

Plate TII, Fig. G); (2) they may divide equaËionally with the sister

chromatids moving to opposiÈe poles (P1ate IT, Figs. C and D; Plate III,

Fig. D) where they rnay or nay not be incLuded in the TI nuclei (Plate II,

Fig. E; Plate III, Fig. E) or (3) they may misdivide.

Usually Ëhe univalents tend to divide equationally and sister chroma-

Ëids pass to opposite poles" However, the sister chromatids resulting

from either firsË division or second division may lag and form micro-
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Plate I. Behavior of chromosomes at meiosis I in CAV 424g

Fig. A. Metaphase I ce1l with an univalent and a
(arrow) .

x Sun II.

trivalent

Fig.

Fig.

Fig. D.

B.

c.

Metaphase I cell with a quadrivalent (arrow).

Late anaphase I showíng two lagging univalents
and two separated sister chromatids.

Telophase I showíng a bridge and a dividing
univalenË.
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Plate II. Behavior of chromosomes at various meiotic stages in CAV
4656 x Sun II.

FÍg. A. Metaphase I showing a ring of four.

Fig. B. Telophase I showing a bridge.

Fig. c. Telophase r showing sister chromatids at opposite
poles.

Fig. D. Telophase r showing separated chromatids derived
from two lagging univalenËs.

Fig. E. Late teLophase I showing a micronucleus.

Fig. F. Late telophase r shoroing three undivided univalents.

Fig. G" Late anaphase II showing a bridge.

Fig. H. Late telophase II showing lagging chromatids.
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Plate III. Behavior of chromosomes at various meiotic stages in CAV
4904 x Sun II"

Fig. A. Metaphase f cell showing 4 univalents.

Fig. B. Anaphase I showing lagging univalents at equatorial
p1ate.

Fig. C. Early telophase I showing two bridges.

Fig. D. Telophase I showing separat.ed chromatids at
opposite poles.

Fig. E. Late telophase I showing a micronucleus.

Fig. F. Telophase II showing a bridge.

Fig. G" Late telophase II showing lagging chromatids in
daughter ce11s.

Fig. H. A tetrad with two micronuclei.
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nucleí in the tetrad stage (Plate III, Fig. H). It is of interest to noËe

that in the F1 hybrids of the cross involving CAV 4904, the percentage of

normal appearing cells was higher at TI than at telophase II (TTI). This

is reflecËed in the high population of tetrads having micronuclei, as

shown in Table XVIII. l'lne figure shown was obtained from one of Ehe Ft

planËs, thus it nay not apply to other F1 Plants.

In addition Ëo unival-ents, some pollen moËher cells in Ëhe F1 Plants

of the t.hree crosses showed brÍdges. One or two bridges could be seen

in eÍËher first division or second divisÍon (P1ate I, Fig. D; Plate 1I,

Figs. B and G; Plate III,Figs. C and F). For soue hybrids, about 10% of

the P.M.C.ts contained one or more bridges. Al-though it was not possible

to ascerËain the occurrence of fragments, the fact that Ëhe bridges did

occur suggesËed the presence of a ParacenËric inversion.

Moreover, trivalents and quadrivalents were observed in the F1

pLants of CAV 4248 x Sun II (Plate I, Figs. A and B). QuadrivalenEs were

also seen in the hybrids of CAV 4656 x Sun II (þtate II, Fig. A). The

quadrivalents usually occurred in the form of a ring. Due to the sticki-

ness of the chromosomes, the frequency of the occurrence of these raulËi-

valents could not be recorded. However, quadrivalents r.rere observed Ëo

occur in a higher frequency in Ëhe hybrids of the cross involving CAV

4248. Thus, the presence of multivalenËs indicates the occurrence of

inËerchanges in these hybrids.

All of these configuraËions strongly suggest that structural

dÍfferences of the chromosomes are present, In this resPect, these results

indica¡e that Sun II differs from CAV 4904 by aË least one pair of chromo-

somes and from CAV 4656 and CAV 4248 by two pairs of chromosolnes. The

relatively high frequency of univalents per P.M.C. observed aL various
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sËages of meiosis in all hybrids also indicate that some structural

differences exist between hexapl-oids.

Seed set of. LB.9%, 87.L% and 42.4"A was obtained for the hybrids of

the crosses involving CAV 4248, CAV 4656 and CAV 4904, respectively.

ApparenËly, the írregular meiosis observed in the F, plants of the cross

invol-ving CÃV 4656 had little effect on the fertility. On the contrary,

Ëhe relaËive1y high frequency of P.M.C.rs showing univalents, bridges

and multivalenËs in the hybrids of the cross involving CAV 4248 did

affect the fertility of the F, hybrids to a great extent. rn Ëhese two

crosses, Ëhere is not much difference in the percenËages of fertility

among the Ft planËs r,rithin a cross.

In the cross, CAV 4904 x Sun II, fertility r¡ras greatly reduced in

Ëhree of Èhe four F1 plants. For example, seed set of L2.2% rÁ7as obtained

for one of the F1 plants in whÍch 94% of. tetrads had micronuclei. One

of the F1 planËs had an unusually high fertilíty percentage of 99%" In

this hybrid, the observed frequency of irregular meiosis r,ras comparable

to Ëhat of the oËher F1 plants at MI. UnforÈunately, Ëhe Ëetrad stage

of Ëhis hybrid r./as not observed.

Seed set obtained in the Bc1F1 plants indicates that the percentage

of ferËiLiËy can be increased by backcrossing to sun rr. seed set of

78.9%,93.2% and 677" was obtained for Ëhe F1 plants of Ëhe crosses

involving cLv 4248, cé.v 4656 and cAv 4904, respecrively. The disËribu-

tion of fertility percentage of Bc1FI planËs of the three crosses is

shown in TabLe xrx" From these data, it can be seen that the BcrF, plants

within crosses involving CAV 4248 and CAV 4656 lnad similar ferËility

Percentage. That was not so with Ëhe cross involving CAV 4904. Plants

derived fron CAV 4904 x Sun II-2 had excellent ferËility while planËs
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derived from the oËher F1 plants had relatively 1or,: ferËility. It is

not known what facËors account for thís significant difference in

ferËi1ity 1evel.
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DISCUS SION

In crorvn rust. inheritance studies, simple dominance of resistance

is comronly observed as was Ëhe case in Ëhis study with C^V 4904. The

resistance gene in CAV 4904 exhlbited complete dominance in all rust

tesËs. An equally cortrnon occurrence ís resistance conferred by partially

dominant genes. The resistance gene in CAV 4656 was found to be Partially

dominant. In CAV 4248, boËh genes A and C were partially domínant to

Ëhe races that Ëhey conferred resisËance Ëo. As for gene B, Ëhe nature

of dominance is not clear. It was partialLy dominant to race CR 20 and

completely domÍnant to races CR 13 and CR 36. Apparently, Ëhe degree of

dominance may vary with the rusË race used or Ëhe condiËions of the ËesË.

Siuons (1970) found that Ëhe dominance of Ëhe Landhafer gene varied with

different races of crown rusË. Also, Fleischmann and McKenzie (1968)

showed that gene Pc-39 reacted as a dominant against races 332,295,290

and 446, but rnanifested itself as an incompleËeLy dorainant againsË race

264.

FurLhermore, in crosses involving CAV 4248 and CAV 4656, there was

an excess of susceptible plants in the segregating backcross families

where the resistance was conferred by partially dominant genes. This

can in parË be explained by the facË the expression of resistance of

such genes can be modified by changes in Ëhe external environment. Fre-

guently, plants heterozygous for the resistance gene are more sensitive

to changes in Ëhe environment than are homozygotes. As demonsËrated by
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Luig and Rajaram (L972), Ëhe stem rust resistance gene, Sr 6, when homo-

zygous in a ì4arquis background, r,ras ineffective at constanË temPeraLures

of 24oC and above, whereas the heËerozygous F1 plants \^lere susceptible

at constant temPeratures of 15oC and above.

Adult plant tests conducted ín the greenhouse and in the field

indicated that the resistance genes in the three backcrosses are oPerative

t.hroughout Ëhe life of the plant. However, it seems that the effectiveness

of the gene in CAV 4656 decreases with age of the plant. ÍIhen tested with

race CR L3, CÃV 4656 gave a highly resistant reaction at Ëhe seedling

stage, whereas at the aduLt Stage, iË gave from a moderately resisËant

to a moderately suscepËible reaction. Kiehn et g1 . (L976) also noËed

a decrease in effectiveness with Ëhe resistance gene Pc-55 in which the

resistance afforded at the seedling stage became ineffecËive againsË race

305 as the plants matured. Although rust susceptibility is rarely

associated with age of the pi.ant, it has been noËed in A. sterilis by

DÍnoor (1970). Similarly, Martens et aL. (1968) showed Ëhat viiËh the

gene Pg-12, resisËance to oat stem rust diminished as Ëhe Plants developed.

Due to a very warm and dry summer in 1980, the incidence of crown

rust in l4anitoba !'ras very 1ow (Harder and Clark, 1981). Therefore, Ëhe

field rusË tesËs \¡7ere not able to show Ëhe effectiveness of these resis-

tance genes against the naËurally occurring cronn rust Populations in

ManiËoba"

Lines of Pendek possessing the singLe genes Pc-35, Pc-38, Pc-39,

Pe-40, Pc-45, Pc-46, Pc-48 and Pc-56 were used as the male parents in

crosses wiËh each of t.he !. sËerilis accessions" .Results 
of tests on the

F2 progenies indicate that the resistance gene in C^V 4656 is independent

of these Pc-genes. Due to the nature of Ëhe rust Ëests, only one of the



63

three resistance genes in CAV 4248 was more or less fully tested with

respect to its relaËionship with the Pc-genes, Gene A was found to be

índependenË of the Pc-genes excePt gene Pc-40 for which the population

size was too sma11 to reach any conclusion concerning the interrelation-

ship of genes A, B and Pc-40.

A 13:3 ratio was obtained in crosses involving genes Pc-48 and Pc-56.

There are tv,7o possibilities that mighË explain this ratio" Either gene

A or genes Pc-48 and Pc-56 must act as a recessive. Changes Ín domi-

nance due to gene interaction or genetic background are known. Harder

et aI" (1980) reported thaË gene Pc-48 behaved as a dominant in Ëhe cross

with gene Pc-63 buË as a recessive in the cross with gene Pc-62" Thus,

gene Pc-48 might behave as a recessive in the cross involving CAV 4248,

resulting in a 13:3 ratio.

Both genes A and Pc-56 are partially dominant. Generally, plants

heterozygous for the resistance gene are sensiËive to environmental

changes and stage of plant growth. Immature leaves are often more sus-

ceptible than older leaves. For instance, McKenzie et 41. (1970) found

that the fu11y matured leaves of plants heterozygous for the resistance

gene Pg-13 were resisËant to oaË stem rust while the young leaves were

not. Moreover, slight variations in temperature may cause plants hetero-

zygous for the resistance gene to become more susceptible. (Luig and

Rajaram, L972). Thus, these factors might explain for the excess of

susceptible plants, resulting in a poor fit to a 15:1 ratio.

In order to clarify the relationship between geñes A, B, C and Ëhe

Pc-genes where necessary, crosses with homozygous plants of desirable

genotypes (AAbbcc, aaBBcc and aabbCC) and t.he Pc-genes will be requÍred.

Nevertheless, genes A, B and C are distincË from known Pc-genes
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previously isolated fromA" steril-is, based on Ëhe infection types and the

spectrum of their resisËance Lo 15 different races '

The resisLance gene in CAV 4gO4 apPears to be allelic or closely

linked ro gene pc-46 which is tighËly linked or allelic with gene Pc-50

(Fleischmann eL al., I}TL). Gene Pc-46 produced resistant infectíon tyPes

ranging from a (;) to (2)N depending on the race used. Gene Pc-50 usually

produced a (O) (;) or (;) infection tyPe to the races that iË conferred

resistance Ëo. The gene in CAV 4904 consisËenÈly produced a (0) (;)

infecËion Ëype to alL races Ëested. It is known that gene Pc-46 does not

confer resisËance to a number of races includÍng CR 13, CR 25, CR 107,

CR 123 and CR 124. Gene Pc-50 confers resistance to these races but not

to race CR 20 and a nr¡mber of others. Since the resistance gene in CAV

4904 confers resisËance to all Ëhese races while neíther gene' Pc-l+6 ot

pc-50 does, it is concluded that they are clearly different alleles if

locaËed at the same locus or closely linked genes. It is of inËeresE

that the sLem rust resistance genes Pg-3 and Pg-9 also aPPear to be at

or near this locus (Dr. R.I.H. llcKenzie, Personal cormnunication). Fur-

thermore, Ëhese Pg- genes are associated with gene Pc-44 in repulsion

(Martens et al., 1968). Apparently, a cluster of genes conferring resis-

tance to crown rust and stem rusL are located at or near the same locus.

The close linkage, or possible a1lelic relationship, of Ëhe resis-

lance gene in CAV 4904, genes Pc-46 and Pc-50 is of significance in the

development of multigene cultivars. Assuming linkage, resuLts obtained

suggest that extremely large populations would have to be grown to

recover recombinant tyPes possessing the three resistance genes from

repulsion-type crosses. If they are true alle1es, then recombination

wilL not be possible.
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Similar events have been noted l,iith other Pc- genes. Genes Pc-38,

Pc-62 and Pc-63 appear to be tightly linked (Harder 9Ë- 41", 1980) as are

genes Pc-39 and Pc-55 (Kiehn et- ql., lg76) and genes Pc-35 and Pc-54

(Martens et al., 1980)" It could be of great interest to find out more

about Ëhe complexity of these interrelationships"

On the basis of the rust races used in this study, the resístance

gene in CAV 4904 appears to have the same spectrum of crown rust resis-

tance as genes Pc-58 and Pc-61. Since races virulent on the latter are

not available; these three genes can only be said to be distinct, based

on the infection types. Both gen3s Pc-58 and Pc-61 usually produce

characteristic (;) infection types to the races that they confer resis-

tance to, while the resistance gene Ín CAV 4904 consistently produces a

(0) (; ) infectíon type.

Dia11e1 crosses of the three A. sterí1is accession were not madet

thus it is not known if the resistance genes possessed by them are linked

or allelic. However, these genes are clearly distinct as each has a

different spectrum of resistance.

The inheritance of floret characters has been studied by a number

of investigators including Fraser (1919), Florell (1931) and PhÍlp (1933).

Monogenic segregations are generally reported for awns and lemma pubescence"

Lemma color is often reported to be either controlled by one or ttio

genes. The results obtained from the three backcrosses agree with the

earlier findings.

Results of the Chi-square test for independence betvJeen the tLrree

floret characters shor¿ that linkage exists between lemma color and awns

in CAV 4248 x Sun II2 and lemma color and lemma pubescence in crosses

involving CAv 4656 and CAV 4904"
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Kiehn et al. (L976) reporÈed a gene f.or grey lemmn color linked by

2.04 + 2.00 recombination uníts to a gene for awns in the Pendek2 x CAV

4963 cross. This is close to the crossover value of 4.58 + 1.86% between

the gene for grey lemna color and Ëhe gene for strong awns found in the

C^V 4248 x Sun II2 cross.

The gene for brown 1eru04 color and the gene for lenrrra Pubescence

appear to be tightly 1ínked in the CAV 4904 x Sun II2 cross. No recom-

binanË classes were obtained. In the C^V 4656 x Sun If2 cross, one of

the two genes governing grey lemma color is associated with the gene for

lemrna pubescence by a recombination valu e of 28.30 + 4.87%. Similarly,

Florell (1931) found that hairiness of lemma to be almost completely

línked with brown color of lemma in the cross A. fatua x A" sterilis.

Philp (1933) obtained no recombinants in the reciproca! F2' s of A. fatua

x Banner and the F2 of A. fatua " gsg.Iiçg.

The study of linkage relations between disease reacËion and mor-

phological characters is of imporËance from a plant breeding poinL of

view since ít gives an indication of the possibility of combining desir-

able expressions of Lhe laËter with disease resistance by hybridLzaluLor,.

No linkage r^ias detected beËween the three floret characters and reaction

Ëo cro!,tn rusË in any of Ëhe crosses studied. FurËhermore, since linkage

was noËed only between floret characËers derived from A. sterilis, Ëhere

shoul-d be no difficulty in transferring the crown rust resistance genes.

The parental- lines and their hybrids were exarnined cytologically.

Univalents r¡¡ere the only meiotic Írregularities observed in the parents.

Quadrívalents have been reporËed to occur in rela.tively Iow frequencies

ín Sun II (ilacker and Riley, 1965; Lin, 1968). Hacker and Riley (1965)

suggested EhaË the incidence of quadrivalent formation may result from
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translocation heterozygosity, or from the associaËion of non-homologous

chromosomes. Lín (1968) believed Ëhat at least part of the multivalent

formation is due to the Lattet.

In this sËudy, there vTas a high level of meiotic irregularity in

all hybrids rvith univalents being the most coutmon type although brídges

Tdere also observed. MultivalenËs r{ere seen on1-y in hybrids of. CÃV 4248

x Sun II and CAV 4656 x Sun II. Brídges and multivalenËs are evidence

of paracentric inversions and inËerchanges, respectively. This cytologi-

cal evidence sËrongly suggests segmental differences beËween Ëhe parental

chromosomes. In this respect, Sun II and CAV 4904 di-f.f.er by aË least one

pair of chromosomes while Sun II differs from CAV 4656 ar'd CLY 4248 by

two pairs of chromosomes. Lin (1968) also observed univalent.s and multi-

valents in hybrids of crosses involving Sun II which he concluded differed

from Garry and Rodney by at least one reciprocal translocation and from

Victoria by at least two reciprocal translocations.

The results obtained indicate that irregular meiosis in the hybrids

of the hexaploid oat are aPParenËly common. The occurrence of these

meiotic irregularities could be the resulË of homoeologous pairing and

structural differentiation (Nishiyama, 1929; Philp, 1933; Akerman and

Hagberg, L954: Marshall and llyers , L96l; Hacker and Ri1-ey, 1965).

Ladizinsþ (1970) believed that translocation betrveen homoelogous chromo-

somes is most 1ikely the najor conËribution to the varÍaËíon observed.

All Fl plants showed a lower seed set than the parents. This was

probably caused by the rather high irregular meiosis. However, the fer-

tility of rhe hybrids of CAV 4656 x Sun II was not as drastically reduced

as that of Ëhe hybrids of the other crosses. This could be due to a more

effective eliminat,ion of aberrant gameËes and the buffering effect of
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po1_yploidy. The íurproved fertility of the Bc1F1 plants of all crosses

indicated that meiotic chromosome behavior is more sËable ín a more homo-

zygous background. The hexaploid oat is an inbreeder and it is normal

t.o show increased meiotic irregularities in a heterozygous state (Uattz

and Thomas, L978).

The rich and heterogeneous source of resistance Lo crorvn rust in

$. sterilis has an immediate practical value in the improvement of culti-

vated oat varieties. Since A. sterilis and A. sativa both are hexapl-oids,

there should be no difficulty in transferring resistance genes. As demon-

sËrated in this study, the resistance genes from Ëhe three A. sterilis

accessions could be readily Ëransferred inËo the susceptible variety Sun

IT, via the backcross meËhod. Although the F1 plants have a rather high

proportion of P.M.C. rs wíËh irregular meiosis, hybridizatíon and gene-

flow were effectively buffered by polyploidy as indicated by the homo-

geneous F2 PoPulations of the three backcrosses.

The crucial problem of classical breeding for resistance resídes

in the fact that new resistance genes in time become ineffective because

of selections in favor of new corresponding virulence genes in the paËho-

gen. To maximize Lhe effecËiveness of resisËance genes, several strate-

gies have been advocated. These include multigene varieties (McKenzie

eË a1., L972), mu1ti1-ine varieties and deployment of resisËance genes

(Browning and Frey, L969; Frey et 41. , L977). However, any of these

sysËems requíre the use of a number of resistance genes.

To determine Ëhe usefulness of the resistance genes identified in

this sËudy, further investigations are needed to ascertain the relaLive

spectrun of resistance afforded by each gene. Of al-l the resistance

geries identified, Ëhe resisLance gene in CAV 4904 and gene A in CAY 4248
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vlere shown to have a Tdide spectrum of resistance. Therefore, Ëhese two

genes would provide effecËive resisËance when combined. The resistance

gene in CAV 4656 and genes B and C in CAV 4248 coul-d be useful for the

breeding of multiline cultivars. These three genes are effective only

against some of the prevailing virul-ent races. This would fiË in the

ttdirty crop approach" advocated by Browning et g!. (1969).

Thus, these five resistance genes may be very useful in prolonging

the life of Lhe cul-tivars in which they will be released'
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SU}ßÍARY

The inheritance of crown rust resistance and floret characters ín

three A. sterilis accessions T¡las studied using Bc1F2 famílies. In CAV

4248, Ëhe crown rusË resisËance was conferred by three independenË,

partially dominanË genes. These were designated A, B and C. Gene A

conferred resistance to alL but one of the races tested; gene B conferred

resistance to nine of the 15 races tested and gene C Ëo six of them.

CAV 4656 had one partially dominant gene which conditioned resisÈance to

13 of the races Ëested. The resisËance gene Ín CAV 4904 was dominant,

conferring resistance to all races tested.

All the resistance genes conferred resisËance ÈhroughouË the life

of Ëhe planË.

In CAV 4248, gene A was independenË of genes Pc-35, Pc-38, Pc-39,

Pc-45, Pc-46, Pc-48 and Pc-56. Gene B was independent of Senes Pc-35

and Pc-38" The population size of the cross, CAV 4248 x Sun II, $7as too

small to indicate the relationship between genes A, B and gene Pc-40.

The interrelaËionship of genes B, C and the other Pc- genes r,rere noL

Ëested. The resistance gene in CAV 4656 and Ëhe eight Pc- genes were

ínheriËed independenËly. The resistance gene in CAV 4904 was allelic or

closely 1Ínked wiËh gene Pc-46. It was independent of Ëhe other Pc-

genes.

Awns and lemma pubescence hTere inherited monogenically in the Ëhree

crosses, while grey lenma color was conLrolled by one gene in the cross
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involving CAV 4248 and by tr^ro genes in the cross invol-víng CAV 4656. In

the CAV 4904 x Sun II2 cross, the brown lemma color T¡Ias controlled by one

gene which appeared to be complet.ely linked vrith the gene for lemma

pubescence. In the CAV 4656 x Sun fI2 cross' one of the tvTo genes

governing grey lenma was associated with the gene for lenma pubescence

by a recombination val-ue of. 28.30 + 4.87%. In the CLV 4248 x Sun II2

cross, the gene for grey lemma and the gene for strong ar^rns l^rere linked

with a crossover value of. 4.59 + 1.86%.

No significant association r{as found between crown

and Ëhe three floret characËers studied.

There !'ras considerable meiot,ic instabiliËy in a1-1

some pairing suggested that Sun II differs structurally

at least one pair of chromosomes and from CAV 4656 and

pairs of chromosones.

rust reacLion

hybrids. Chromo-

from CAV 4904 by

C^V 4248 by Ëwo
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