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INTRODtJarrON 

The bri11iant studies of Flor (1942, 1946, 1955. 19.56, 1959). to 

account for the interaction between f'lax and :flax mst. 1ed him to post-

ulate a gene-for-gene relationship in the :flax and f1ax rust s,ystem. 

Later Pers on (1959), b.Y an ingenious theoretica1 mode1, showed that a 

relationship such as postulated b.y F10r shou1d occur as a genera1 rule in 

host-parasite systems. And sinee then this hypothesis has been extended 

to a number of host=parasite systems (Day, 1960; Person, Samborski. and 

Rohringer. 1962; Person, 1965, 1966). 

Besides an academie interest in understanding the genetie meehanism 

in host-parasite relationships, such study might he useful in breeding for 

disease resistant varieties of crop plants. The idea that such studies ean 

be he1pfu1 in breeding for disease resistant varieties. has been expounded 

by Flor (1955) 1 and Day (1960). Such studies might he1p to define the 

limits of variability in the pathogenic capacities ot a parasitic organism 

as well as the dif'ferences within a host species; and they are basic to 

the intelligent planning for breeding programmes designed to deve10p 

varieties reslstant against obligate or near obligate parasites. 

The eultivated sunfiower species (Heliantlms annuus L.) ls dip1oid. 

In this speeies crossing and inbreeding can be accomplished with a reason

ab~ good seed seto 

The rust (Puccinia he1ianthi Schw.) attacking sur)~lowers is autoe-

cious and heterotha11ic. The sexua1 stages necessar,y for crossing and 

inbreeding oceur rea~ in nature, and ean oft:.en he produced with relative 

ease under controlled conditions. 

-
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Genetic studies conducted U1 Canada on rust resistance in sunflower 

have so far revealed two major independent~ iriherited genes for 

resistance in the Canadian accessions (Putt and Sackston, 1963).. With the 

aid of-these t~o factors for resistance four possible physiologie races of 

the pathogen have been identified (Saekston, 1962).. The nuruber of inter-

acting loei in this host-parasite s,ystem is at the moment ~ch smaller than 

those identified in the flax and flax rust s,ystem. Part of its attraction 

as a subject for this kind of investigation 1s its apparent simplicity. 

The sunflower and sunflower rust. possessing ail these advantages. 
al'e. 
is eonsidered to he another host-parasite s,ystem suitable for investigation 

of the genetic relationship between a host and a parasite. The geneties of 

resistance in sunfiower, as memioned before, has been studied by previous 

workers. but no study on geneties of pathogenicity in sunflower rust has yet 

been undertaken.. The objectives of the present study were to investigate 

the nature of inheritance of pathogenieity in sunflower rust and to determine 

whether this host .. parasite system conforms to FIor' s gene-for-gene the ory. 

Hwever, in the course of this 1lwestigation it was diseovered that the 

differential host varieties are heterozygous for rust reaction and that the 

geneties of resistance appeared to he more eomplex than reporled by Putt and 

Sackston (196:3>.. A study of the geneties of resistanee in the differential 

host varieties was therefore ineluded in addition to the inheritance of 

pathogenieity in the rust. 
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PART l 

GEmIeS OF PATHOGENICJTY IN SUNFLOWER RUST 

REVJEW OF LJTERATURE 

Genetic studies with rust f'ungi were made possible by the discovery 

of two notable phenomena. The first of these is the existence of physio

logie ~pGcialization first described by Eriksson and amplified later by 

stakman. Eriksson in 1894 (J ohnson and Newton, 1946) demonstrated that 

isolates of Puccinia graminis fromwheat J oats: rye, and sorne other 

grasses, although morphologically similar. were pathogenically dif'ferent. 

He called these pathogenica~ distinct entities formae sneciales. 

stakman snd assoeiates (stakman and Plemeisel, 1917) showed that Eriksson's 

formae speciales were net homogenous but included biologie forms var,ying 

in their pathogenicity on different varieties within a smgle cereal 

specJ..es. Later, from the evidence aec11.D1Ula.ted sinee 191~ stakman and 

others (Stakman and Lavine, 1922, 1938; Stakman. Lavine and Loegeringe 
stak;m CU1 r SfiWCtkt CI.,.cI /..&«., Roll; T'l.J J 

1944&~l962) developed a key based on infection types for differentiating 

physiologie races of!. graminis, espeeia~~. graminis f.sp. tritici. 

This is the foundation of present. clay rust classification (Johnson and 

Newton, 1946). 

The second major step which made genetic studies of rust fangi 

possible was the discovery by Craigie of the furiction of pycnia (Craigie, 

1927) and the existence of heterothallism in eertain rust ftmgi (Craigie. 

1928). The first experimerItal hybridization between races of wheat stem 

rust was reporled by Waterhouse (1929). He mixed pycnial nectar of races 

34 and 43 and obtained two races which were new to the rust population of 

Australia. stakman, Lavine and Cotter (1930) confirmed the role of 

barbe~J in the production of new races of wheat stem rust. Newton, 

-
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Johnson and Brotm (1930a) reported selfing of severa1 races of wheat stem 

rust. Of the eight races selfed, o~ one proved to he homozygous for a11 

pathogenic characters expressed on 12 dif'ferential variet.ies. 

Johnson and bis associates (Newton, Johnson and Brown, 1930a, 193 Ob; 

Newton and Johnson. 1932; Johnson and Newton, 1940a, 1940b) have reporled 

since 1930 the results of extensive studies on selfing and hybridization 

of physiologie races of cerea1 rusts which have contributed to much of our 

know1edge of rust geneties. They demonstrated that the pathogenic 

properties of Puccinia graminis are genera~ inherited in accordance with 

Mend.elian laws. They presented evidence of dominance, recessiveness, and 

independent segregation of pathogenic factors. Aviru1ence was genera~ 

dominant and virulence recessive. This has been found ta be true with rusts 

in genera1 (F1or, 1946, 1955, 1956; Loegering and Powers. 1962; McCain, 

1963).. However Johnson and Newton (1946) and Johnson (19.54) have shown that 

in sorne cases virulence can he dominant over avirulence. 

Newton et al. (1930a). Johnson, Newton and Brown (1934) t FIor (1942, 

1946) • Johnson (1954). Vakili (1958). Wilcoxson and Paharia (1958), Flangas 

and Dickson (1961&) and Samborski (1963) found MOst rust races were highly 

heterozygous for pathogenic factors and upon selfing produced. progenies with 

differerrt pathogenic properties frOID the parents. Johnson and Newton (1940a, 

1940b) showed that sorne races of wheat stem rust and oat stem rust cantained 

bath homozygous &nd heterozygous 1ines. 
N~"" /,;">7 ~t- Q(.) 

Johnson and associates (Newton and Johnson, 1927; 1\ 1930b; Johnson 

et al, 1934; Johnson and Newton, 1938, 1940a; Johnson, 1949) studied the 

inheritance of spore c010ur and found that it obeyed Mendelian laws. 

Newton et al· (1930b) also reporled an association bet~reen spore colour and 

pathogenicity. 
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Newton et al. (1930b). Newton and Johnson (1932) and Johnson and 

Newton (1946) considered pathogenicity in some cases to be controlled ~J 

cytoplasmic factors. Certain crosses with 10Jheat stem rust races showed 

matroclinal inheritance while other races gave strict~ !1endelian ratios. 

Johnson (1949) found a similar phenomenon in crosses between sorne oat stem 

rust races. 

Flor (1942. 1946, 1955. 19.56, 1959) working with flax and flax rnst 

eonducted a more detailed investigation, stuqying the geneties of both host 

and pathogen simultaneous~t whieh led him to propose a gene-for-gene 

the ory. For eaeh gene conditioning resistance in the host there is a 

specifie and eomplementar.y gene eonditioning virulence in the pathogen. 

Flor found that resistanee in f'lax was inherited as a dominant character 

and virulence in the rust was recessive except in one variety. Williston 

Brotm, where virulence appears to be dominant. Rust resistance genes in 

flax have been shawn to oeClll" as multiple alleles at .5 loci and sorne 

resistance genes were round to be linked. Virulence genes in li. ~ on 

the other hand, were round to be non-allellc and unlinked. 

The gene-for-gene the ory as postulated by Flor was elaborated by 

Person (19i9)~ A theoretical consideration of a gene-for-gene relationship 

led Person to conclude that such relationships as proposed by FIor for the 

~-Melampsora s.ystem should occur ln host-parasite 5,Ystems in general. 

Person's analysis of Florts data showed. however. that MOst of Florts 

"single-gene" dif.i'erential~ varietles actual4r possess two or more genes 

for reslstance and that resistance genes in these varieties need not raIl 

into aIle lie or close~ linked groups. 

-
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Person's analytical method, developed ~or ideal systems with one-

for-one relationship, has been shown to be also vaUd for systems with 

tv1'J-for-one relationships, that is ~ where more than one gens (duplicate 

or complementary loci) in the host conditions resistance to a single gene 

for virulence in the parasite and vice-versa (Person, 1959). It was 

painted out by Per!3on that lack of knowledge of the genotype J either in the 

host or in the pathogen to which segregating progenies are exposed,may 

impose ~ severe limitation on genetic workD However. properties of gene-

for-gene ~elationships as revealed in the ana~sis can overcome these 

difficulties. Persan discussed the pattern af p~siologic races that can 

he gen~rated b.Y a ~stem of host genes with the concept of gene-~or-gene 

l'elationships and. showed by this ana~sis hm\"' the concept may be l1sed 

tentatively ta de'termine the rmmbei' of genes involved in each differential 

host variety and which gene they have in common. Person's ana~sis of the 

published data showed whieh kind of host-parasite system may be suitable 

for demonstrat~~ a gene-for-gene relationship. The Solanwn-Phytophthora 

system is relative~ simple because the number of interacting loci 1s small 

and the information on the host-parasite is complete. But the ~

YJelampsora is oomplex because of the discovery o~ a large number of races, 

the number of interacting loci :t5 relat ively large and th~ information on 

host-parasite interactions is incomplete. This is expected to become more 

complex with the detection of undiscovered genes which can further resolve 

pathogeni.city of the fungus. 

Besides the Solanwu-?bytophthora and ~Melampsora systems, gene

for-gene relationships have been demonstrated or invoked in the explanation 

of genetic data arising out of a number of other host-parasite s,ystems 

(Boone and Keitt. 1957; Moseman. 1959; Person et a1:, 1962: Person, 1965, 

1966). 

-
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Mode (1958) discussed the consequences of complementar,y genetic 

systems where random mating occurs in both host and pathogen populations 

over a long period of time. the significance of linkage of genes for 

resistance in the host, and the J'ele.tionship of such systems to the co-

9volution of obligate parasites and their hostso Through a mathematical 

model he ~uggested a stat~ of dual balanced po~orphism between the host 

and pathogen populations was a necessar,y condition for the co-evolution 

of obligate parasites and their hosts. 

The existence of gene-for-gene relationships as applied to the 
1bï. .. t" t:..i 

resistance of wheat to Puccinia graminis I\has been questioned by Iaubscher 

(196~) on the grounds that the number or identified resistance genes in 

wheat 1s relatively small in comparison to the number of races isola.ted. 

In addition, resistant. plants can be predisposed to susceptibUity in the 

absence of a pathogen. In his view. a more satisfae:tor,y explanation would 

Y~/)}'e~~ 
be that wheat resistance 1s condit.ioned by regulator genes able to SQ~l'l"e66 

the biosynthesis of Metabolites specifically necessar,y for particular rust 

races.. The induction of susceptibUity by high temperature may he due 

to inactivation of the repressor protein by inductor Metabolites formed 

in excass by the host under these conditions. 
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MATERIALS AND MEl'HOD5 

Four physiologie races of Pu.cc:1nia helianthi Schw 0 r described by 

Sackston (1962) t were subjected to selfing and crossing studies in this 

work. The selfed and bybrid progenies of these races were tested on thre9 

differential varieties and threa supplemerrlial 1ines.. The three different.

ial varieties were selected by Sackston (1962) and their genetic constitu

tion determined by Putt and 5ackston (1963) 0 The varieties are: 

(1) 537-388, having no known resistance to rust; (2) Morden Cross Z9t 

possessing the resistance factor. R2J of source 88 and (3) Morden Cross 

69 possessing the resistance factor, RI' of source 22. The differential 

varieties Morden Cross 29 and Morden Cross 69 will be hereafter called 

simp13 by the names Morden 29 and Morden 69 respectiveqJ in order to 

avoid confusing usa of the word "Cross" to describe both host varieties 

a.nd rust hybrids. 

Differential va.rieties 

537-388 (Universa1 suscept). The" inbred line 537-388. having no 

known resistance ta this pathogen, . was designated by Sackston (1962) as 

'aniversal suscept' for the sunflower and sunflower mst system based on 

Person's (1959) gene-for-gene concept in host-parasite relations. 

Morden 29. According to Sackston (1962) and Putt and Sackston (1963). 

this variety carries the resistance gene designated R2. of source 88. It 
/r> 

is attacked by races 2 and 4 and"resiste.nt ta races 1 and 3. The seeds of 

this variety were first supplied as single-head lines by Dr. Se.ckston from 

the stock rsised st Ttlinnipeg and later by Dr. Putt st Mordent Manitoba. 

However, at the stan of this 't'1ork, none of the seedlings raised from any 

-.-,r-- -
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of the heads supplied, gave constant result s. Thereaf'ter. different lines 

of this variety were grown at the Macdonald College farm and selfing 

fo11owed b.1 selection was practiced for three years for types with desir-

able rust reactions. Seeds t'rom selected heads have been employed in this 

stuqy. H~~ever, the seedlings raised from the selected heads also in sorne 

cases gave aberrant or unusual reactions. 

Morden 69 ur C!{90RR. Morden 69 was selected to represent the source 

of resistance possessing gene Rl. According to Sackston (1962) and Putt 
is 

and Sackston (1963) this variety i8 attacked by races 3 and 4 and/1resistant 

to races 1 and 2. As in Morden 29, the seed of this variety was obtained 

±'rom individual heads. In routine tests at the beginning of this work it 

was found that these heads were heterozygous for rust reactions. Three 

other lines, S37-388RR, ~ and CM9ORR, which were als? 8upposed to carry 

the resistance factor of source 22 (Putt, personal communication) were 

tested for possible use as a differential. CIv190RR was selected for use in 

this work. A bulk lot of seed of this line wes received irom Dr. Putt at 

Morden. This variety also proved heterozygous for reaction to races 3 and 

4. but the majority of the seedlings in ear4r tests gave appropriate 

reactions.. La'éer it was fOW1d that thls variety also at times gave erratic 

reections, especiaJ.:4r to race 4. 

Supplement al lines 

M69-W59-11-MC62-13-r4). This line was derived !rom a segregating 

he ad of Moreen 69 when sown at Macdonald College in 1962. The Sl derivatives 

of this line at f'irst appeared to be susceptible onlJr to race 4, thus 

resembling Putt and Sackston' s source 41, but l'Then a larger number of proge:t'ly 

were tested this reaction was not consistent and subsequent generations 

became increasing~ unpredictable. No single head was f'ound to give con-

sistent~ susceptible proge~. 

--
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M62-2672-2-r, (=F, of 837-388 x 150-2-1). It i5 derived from a 

cross 837-388 x Wild Annual 8unfiower; seeds of the wild sunflower were 

collected in Chicago b.y Dr. Sackston. The characteristic of these plants 

is that they are susceptible to race 1 and hi~ resistant to the other 

three races. Crosses were made at Morden qy Dra Putt and the F2 seeds 

were sent to Dr" Sackston for further studiesa In the spring of 1964 when 

the progeqy seeds were so~rn in the greenhouse to test the seedling reaations 

to the four parental races most of the seeds appeared to have abortive 

eP.lbryos and . only a fe~r germinated. When planted for seed production) on4r 

two plants had a good seed set and they were heterozygous for rust 

reaations. The seeds of these two heads were used as one of the supp1e-

mental lineso Due to the 1imited quantity of seed they were used in only 

a few tests and they served as a useful marker in rust crosses. 

M62-2685-14-1 (=Fj of 537-388 x 150-6-1-1-1). The histor,y of the 

origin of this line is similar to the previous one except that the seedlings 

of this source are either highly resistant or innmme to aIl four races. In 

this case a number of plants produced good quantities of seed. The seeds 

of t~TO heads were used in this investigation and they were phenotypically 

homozygous for rust reaction to the parental raceso Like the previous one, 

this line also served as a very useful marker in detecting successful rust 

crosses. 

Environmental conditions 

In studies of both host and pathogen genetics the seedlings were 

raised in the greenhouse under a l6-hour day length. The addit:l.onal hours 

of light were supplied b.Y artificial light at about 600 to 700 foot-candles. 

The temperature in the greenhouse during winter and spring was maintained 

.................... .-i 



-11-

at 220 C during the day and at 20°C during the night. Bowever, at times 

during a sunny uay the temperature went higher than 2?oC. Seeds were 

grOWD in 4-inch pots with 4 or 5 plants per pot. J-inch pots with 2 or J 

plant::; per pot and 9 oz Dixie paper cups containing 2 or .3 plant,s per 

pot. The larger pots were difficult to accommodate in the space avail

able, the paper cups dirl not last long and J-inch pots 'to)ere founè to be 

must satisfactory. The soil used was a mixture of 3 parts ;3oil to l part, 

sand. 3eedlings were inoculated with uredia1 inoculum at the age of 16 to 

18 rlays when tlje first pair of true leaves was !ully expanden r using onE. 

of the methods described later. The inoculated plants were maintained over- :" 

night in a moist chamber and removed on the following day and kept for 2 

to ,) hourR under low light for slow drying of the leaves before being 

placeà e1ther on a gree~~ouse bench or in a growth cabinet~ 

Temperature and light conditions in the greenhouse were approximate-

ly the saroe as those provided during the pre-inoculation stage of grùwth .. 
u.·~· 

The ~om·rolled environment chambers were maintained at ?Â day temperatW'G 
.lo·~ 

and ~ night temperature. The light period was 16 hours at an intensity 

of 800 -Cu 1000 foot-candIes. Tw-o or three days aftel" inoculation, the 

.r;>lants were given nutrient solution, made by dissolving ·Instant Vigûro' 1 

19-28.-14, at the, rate of 2. levr:ll tablespoons per gallon of water J at the 

rate of é1.pp:!'oximate~- 150 ru. per 4-inch pot 1 and 100 ~ per paper cup 'Jr 

per 3-inch pot. 

Rust reactions 

The rust reactions were generally recorded 13 to 14 days after 

inoculation but on some occasions they were recorded as ear~ as 10 ~s or 

as late as 17 days after inoculation, depending upon the speed of rust 

development. In the spring maximum development of rust l'eactions was 

-
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:frequerrl:.ly obtained within 10 days from the date of inocu1a1~ion while in 

mid-winter it sometimes took up to 17 days. In the latter case the rust 

reactions were recorded twice, once at 13 to 14 days and again at a later 

dat.e. 

The expression of host-parasite interactions WdS recorded according 

to the system of classifica:t.ion proposed by Sackston (1962) as follows:-

"4" Very susceptible, producing large, vigorous~ sporulating 

uredia. 

"JI! Moderately susceptible, producing medium-sized, vigorously 

sporulating uredia~ 

"2" Moderatel,y resistam., pX'oducing smal1, less strongly 

sporulating urediao 

"1" Very resistant, producing very small, very weakly sporulating 

uredia. 

"0" Immune or no uredia produced. The hypersentive necks which 

often oceur are designated by a semicolon, 0: 

However, in this work "O'~ "Was used to denote; escape or doubtful 

infection and the immune reaction 1I.ra.s noted by the letter ''l''. The 

presence or absence of chlorosis was indicated by "C" or "N'" respectively. 

When the uredia were larger on the lowe:r- sm:-face "than cn the upper surface, 

they were denoted by a stroke over the figure, e.g. 3. In this work 

although Sackston's system of classification was follo-wed, it could not be 

adhered te closely, since in critical tests the seedling leaves were 

inoculated by the "multiple inoculation" method while in Sackston' s work 

they were inoculatéd by the "routine" method of inoculation. The sue of 

the pustules tênded to be smàller in multiple inoculation than those 

1 
1 

1 
1 

.. .;;} 
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produced qy routir.e inoculation. Furthermore J in this work the reaction 

t~~es were found to be more variable than noted qy Sackston. that is) at 

times even the susceptible varieties appeared near~ resistant and 

resistant varieties, susceptible. 

Ir~ Sackston's work, restriction of uredia to the lower surface of 

the '!.:,=.i i-1a8 considered as an indication of resistance or of reduceci 

su.sceptibility with increasing age of leaves wh en the plants are grown 

un?~r greenheuse condition~. In this stuqy. it was observed that sometimes 

during rnid-winter in the greenhouse-grown plants tae uredia tended to be 

restricted te the lower surface, or larger on the lower than on the upper 

surface of the leaf. These considerations were taken into account in 

classif.Ying the seedlings as suceptible or resistant. When the develop-

ment of rust reaction was pOOl' even on the universal suscept the seedlings 

showing 2~and 3~.- 3-, 3. or 4, whether on the upper or lower surface, were 

classif;i.ed as susceptible. In some cases seedlings with 2 te 2+ were 

distinguished by the descriptive terms, such as, intermediate types 

(5= or R=), near~ susceptible or nearly resistant and so on. 

Uredial inoculation methods 

The seedlings were inoculated qy one of two methods: 

1. Routine or mass inoculation method 

This is a method commonl,y useel by rust workers. The leaves ware 

first sprayed with a fine mist of water and then they were inoculated by 

shaking a heavi~ rusted pot of plants ovel' the experimental plants. In 

this operation care was taken that the inoculum laid on the leaves was of 
b 

the right amount. and wall distributed. the plants were then inclcu~ated over-

night in the moist chambers as described before. 
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2. Multiple inoculation method 

This me'thod was developed in the coU!'se. of this investigation when 

it 1~S :round that the varieties were het~rozygollS for rust reaction and 

that the routine method of inoculation might not be reliable in determining 

the inheritance of pathogdnicity of the :mst :caceG. Prior to the develop-

ment of this method, various ways were triei:. to inocu.late inùividual leaves 

'With Cl. number of rust isolates. These jncluéied careful~ placing small 

drops of ~püre suspensions on marke~ areas with a hypodermic s,yringe: 

positiening spores on the leav~s with small blocks of water-agar, fil ter 

paper, toil8t tissue, scotch tape, etc. and also the patch inoculation 

method of Gei~, Futrell and Garrett (1958), utilizing pieces of filter paper 

soaked in a suspension of rust spores, attached to the leaves with strips 

0:f cellophane tape. None of the methods proved satisfactory; the size and 

shape of sunflower leaves made the "patch" technique impractical. 

The multiple inoculation method was finall3' worked out in the 

following way: 

Small bits ("plugs") of absorbent cotton were soaked in sterile water, 

touched to dr.1 rust spores dispersed on a glass slide or te a suspension 

of spores in water, then pressed lightly with forceps against the upper 

surface of a sunflower leaf. Prior to inoculation. the lear was marked 

off into sectors with India in.lt. Each area was labelled with thE' code 

designation of the rust iS01ates to be placed there. Each leaf wa~ 

inoculated with four or five isolates and up te eight :l.solates have been 

placed on leaves about 6 cm long with good results. (F1g. 1). 

The cotton plugs may be made very amall to facilitate rmmereus 

inoculations on an individual leaf. A certain minimum distance, determined 

empirical1;y" t must be left between plugs te prevent coalescence of the films 

of moistuxe around each plug. 
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Pairs of sunf10'~oJBr 1eaves shO'tVÎllg result 

of inoculat ion \dth rust at eight 

locations per 1eaf by the multiple 

inoculation methodo 
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'lo speed up the marldr..g ot hundreds ot ~ves inocul.ated :ln one 

exr..er1m9nt, a s1.l:l!p1e deVice "Was empl.oyedo A piace ot sewirlg tbread wa 

stretehed batween t'SO ends of a forko. The :tark was made frem a piace of 

coppel' w1.re (No. 14)" approximateq 25 Cm long, by bendirlg at the middl.e 

and 'tœn tnSting OŒe or t.wics. The thread 'Waa touehed to an ~bsorœnt; 

cotton soalœd tdth Ind1a. 1nk and 'then the ink-soalœd tbread was touched 

om.o the leaf' surface. The m1drib sarved te d1.vide tpe leaf" 10ng1tud~nal~o 

The 1"'USt codes were writtell on the leavea with a dratd,ng nib or with an 

ordirary nib not sha.rp enough to ptu'lCtll1'e the leaf. 

The amount of illoClÙum applied on each plug ~ te stanàardized 

within rougb l1m1ts. When dry spores are dusted onto èl.ides or petri 

plates. the density ot the spore depos1t can be regulated, or the spores 

ean be dUœed with talc. WLen spores are suspendsd iD water tor 

1noculating. the concentration ctm be su1tabq adjusted. 

Following :1noculat1oJlt the plants 1f$1"8 put in a saturated atmosphere 

in !AOut chambers overrd.ght; galvarJ1sed meta1 garbage cans _re l1sed 

regularq, covered with vat, but net dripping. sheG1ts. ot œvspaper before 

put.tillg the lids :ln placee 'ibis dev1ce was f'ound to help keep the cotton 

plugs wet. On the tollowhlg dq the cMmbers were opeœd, 8DCl the plaJ!ts 

and cotton plugs allowed to dr7 slovq in d1ttuse 1ight be:tore beiDg trans

:ferred to the greenhouse or to tbe contl'Olled enviroJDent cha!.l;bers. The 

plugs vere u~:removed a da7 or tvo later. They Adhere remarkab~ 

vell Wen vet 0 and cmtn alter dr;y1IJg 1II8J\V rema1n on the leat Sln"faee for 

dqs 11' DOt removed (Fig. 2). 

'1'0 prevaut contact bét.en leaves and to keep the plants erect, the 

1nd1v1dUl. pl.am;s vere supported by narrow strips of paper folded and 

stapled around bulboo sticks (F1g. 2). Becord.1rlg ot data 1s s1llp11 fied 1:w" 

mœbering all pots iD an ~nt, in sequence, and D:I1IIberlng tœ 

--- ~'-------,ç-- -- ---~ .. _--- . ---------------------_ .. 

.. : ~l 
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l' 19. L. 3unfloHET ser:;dlings inoculated by the 

multiple inoculation methocl Hith cotton 

plllgs in :;>lace on the first true leaves, 

~.;rith rust isolates iclentifie6 by code 

numbers, anc~ ':Jith ::;8e(l1ings held in 

r-osit ion by paper 10 :)r'!~. 0 
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1ndividual. plants it there are more than one per pat. Plant œmbers are 

written on the paper bands supportirlg eaeb pltimt. 

The multiple" inoculation metbod vas tound to work satis1'aetorily 

vith stèm rost ot wheat (Puec1n1a p'am1n1~ t. sp. t~it1c1) (F:1go 3) Il and 

1mW prove uoofUl. tor mütipla inoculations of other plants 'tdth varions 

lent pathogens in the greEllnhouœ ami laboX'ator,vo With meat leaves ~ 

cotton plugs adhere 'Ctmll. ta both surftlces (Fig. 4) and rema1n attached for 

somet1me even after dr,ying out. Wheat leavas can"be marked out iDto small 

areas SDd labeUed vith l'nd1a 1nk tdth more rapidity tban sunf'lowerso 

Wheat and other eereal. seeàl.irlgs do not requ1re the mechall1cal support 

provided tor sunf':l.owers. 

Tellal production 

Attempts lII-ere made to produce ge1'!ld.llable tel1a under greellhouse 

conditions am in coJJt.roUed el'JriroDDeDt cbamœrs. For the production ot 

tel1a ot pure races. t,he cul.tures were purU1ed by' single pustule 

isolation and subsequent. 1nerease and. tœn thq ere cœcked for purity on 

the d1Uerent1al.s. The methods ot the production and gem1Dation ot tel1a 

and the amount ot spoi-1d1al infection obta1ned. wUl. be œscribed in 

another section. 

Metbods ot seli1Dft aIld crossins 
1'wo methods _re employed 1n th1s stud;ya 

l. Reciprocal. pa1r1DI method 

TM. _s used for som ot the selfiDg. l1'1d aJ.l ot the cross1Dg. 'l'he 

wcma 1m1cb 1I8re to ba used are laballed vith 1nd1a 1nk. Nectar ns 

taken up ~th cJ.ass rods, camel bair brushtu.,\"or w1re loops. œ eap1llary 

glass tubiDg as used br various workers. The nectarfrom tvo WCnia vas 
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Fig. 3. Wheat leat' showing result of inoculation 

with stem rust st several locations b.7 

the multiple inoculation Methode 
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transterred rec1procal.q. The pa1red pycnia1 method was used qy Flor 

(1942), Vak1li (1958), ~s and D1ckeon (l96la) t Lœger1Jlg andPowars 

(1962) Il and Greèn (l96,SR. 1966). NcJt aU of thesé wrkers made reëiproœl. 

Pairbgso 

The proportion ot successful. tertU1zations wae very lowo This mt.W 

have œen due e1tœr ta cbanee p9.iriDg ot pyenia of the same œt~ type 

(sex). or to faul.ty tecJmiqueo Therefore, a dUf'erent me'thod 'SaS adopted 

tOI' later salfing etudieso 

2. Pooled (m5Dd) œater IIlethOd 

This is an old\ method, used by Johnson and his associatés in the 

earq 1930 9 s (Johnson .19.54). and bas been empl.oyed extenslve~ b.v othar 

worms (Valdl.i, 1958, Z1Dmer. 1961a Samborski. 1963J Green. 1964. 

1965b. 1966). '!'he :nectar :trom aU avaUable p;ycn1a was taken up in glass 

caP1ll.a17 tûœs.· one for each WCM.um. The nectar .trom aU the tubes wes 

thorougbq iDtel"ldxed in a watch glass w1tb a t'ev drops ot sterile water. 

The 1id:t12l"e was then appl1ed to 1.nd1vidl1al w.cn1a. The ma30r1ty ot the 

p,ycD1al 1Dtectlons fert1.l.1med in this BQ' gave riss ta aecia. 

Sel..fing ns doœ 7 ta 8 days alter the date ot appearanee ~ the 

p,ycma. This allowed t1me to dsteet aecial devel.cpment as a resul.t of 

accldeutal fertUiBat10D of closeq adjacem. or compOllDd pycn1a. Tbere-

After 0 vhen the Hoia developed _U. the .. cial cups of a cluner Vere 

scraped ott the leat vith a scalpel and. crushed betweeD two clean micro

scope sl1des ta li.rate and 1Dtel'Jld.x the aeclospores wb10h were then 

1noeulated oœo S'7-'sa eeedl1Jlgs. 

Occas1onal.q other dUterent1a1 varieties were 1nocul.ated as well 

as 537-,88 plauts. !he iDoculated seedlings are incubated ove~ 111 

1 
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mo1st chambers aJ'ld then, ss with uredial. inoculation. they wre placed 

on a greenhouse bench or in controlled environment chambers. Plants 

inoculJlted with varlous cuJ.tures were isolated duriDg the incubation and 

davelopmant ot infee'tion in plastic covar1ngso The ured1al pust\ÛSs 

eppsared with1n 6 to 7 dqso Bef'ore the pusttües ooeama looss. e. f'Em 

ran~ seleœed ured1a 'irora isolsted b.Y cutting 0U't sœll pieces of 

leaf supporting single pustules. They œra stored tempo~ in caz'e

~ labellsd shell vials. Thaae single .1U'ed1al pustules wera increased 

tor 2 te 3 geœrations UDtU SÙfficieDt inocûLum ns ebtainedo 

One or tuo s1lJgl.e ured1al. pustules were 1ncreased !rom each aecial 

1nteœ1on. It ns assœœd that a single uredium would arise boom a 

single aec1oSpore. Cal.tures obtained :trom botb aides of a reeiprocal 

pa1red transter vere considered as one progel\f unless theÛ' patbogen:1.c1ty 

proved te be different.. When selfing vas induced by p001ed nectar. one 

or two ured1al. cul.tures wére increased par aecial cluBter. When two 

ured1al cul.tures vere tested :trom one aec1al. 1Dtect1on the1rbehav1our 

was recorded separateq. 
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EXPERDlENrAL REStlLTS 

Production and gem1œ.tion ot tella 

Great d1f'ticult1es were encolllDt:.ered in obta1n1ng germinative tel1o

spores. Short~ after the start ot th1s uork in the tdnter of 1902-196), 

unsuccessfol. attempta were maœ to gemS.m.te tellal œter1al. which had 

germiœted whan coUected in 1961 at Winnipeg. Manitoba. 

In subsequent eatper1mentso talla œre produced under various 

emr1ronmental. conditions 1%1 the greenhouse t in the field. and 111 

. coutroll.ed enriroaœnt cMmbers. and tested tor germ1œtion. Plants 

intended tor tellal. production were 1noC1Üated l1gbtq so tbat· the laaves . 

would rema1n al1ve UDtU tel.1a vere mature. 

Host var1eties usedo AU. three d1ttereuU.als œre used tor 

producing talla ot race 4. 837-388 and Morden 29 lSe1'e used tor race 2, 
C.M <)0 R~ . 

837-,88 and 6HœR vere usad for race ,. and 837-388 was used for race la 

'l'he results 118" nat encouragimg 111 tbe tirst tlfO JUrs. so trom 1964 OD. 

1;el1a1 production waa comf1ned to S37-388 :ln order to reduce the UlO\Ult 

ot space requ1Hd tor tb1s work. 

Aie ot hast plants selseted. :In the 1n1tial period ot this studl', 

plant.s vere inoculated at the :t1rst-~ stage. In 1D&t\Y ot the l.ater 

tr1al.s. the plants vere inoculated at three growtb stagesl (1) with 

t1rst pair ot leaves 1'u1.q ezpanded. (2) w1.th tirst pa1r ot ··l.éaves ta:Lq 

axpanded and the second pa1r sem1-eltpU'ldéd. 0) with ftrst and second 

pair ot leaves ful.q ~d and the tb1rd 1e8t oœ-tourth to baU u:pand-

ed. In the last tew trials. pl.aDts ot the th1rd catego17 vere uaede The 

pl.aDts 1noculated ~or tel1al production vere generalq sown iD 6" or 

7"-1.noh pots. 

.;.;, ... 

-



Isolation o~ racese 
. ~ 

1ncculated with d1U'arellt races Wl"0 kept isolated vith po~b3leœ 

cavera supported by a waoden :trame. As the production of gel'm1.œt1ve 
ct 

talla Ws not satisfe.ctory, it R8 thougbt that po~b-v'lene cavera 

~ ba unsatisfactory. Comam:1nation by other races should OCC'ill" o~ 

through secondary infections, when uredosporas are releasedœ As aU 

œteriai in Q givell greenhouse lii.'13S inoculated at one date t b.v the t1ca 

œperimental. telia were harvested the com;am1œ.nts would still be in 

the uredial sta.ge. Therefore. !rom the m1d-w1Dter ot 1963-1964 plam,s 

inocalated n'th dU'f'ereDt. races were left uncovered in the saœ rooms. 

Seasoœl. affects. 
~ 

lil these tr1als. ow1ng to the pr'b;~ ot 

isol.&tion and shortages ot greenhouse space, pots vere DOt arrarlged 

aceord1ng to a~ experimenta1 design. In seme trials corducted without 

&.IV' specifie eDV1romœntta1 conditions 1.Îl miDd, the 1noculated plants 

vere lœpt in greenhouses. ar cont.roll.ed environmeDt chambers or where-

ever space RS ava1lable. 

In the wiDter 0'E 1961-1962 saveral sets ot tslla vere produceda 

AmOllg them the talla produeed in one trial. eoUeeted on March 8, 

sermiDated satisfaetol'iq. The seedl1ngs vere ra1sed pr10r to inocula

ation 1n an AgrODO!.q,J' DeparlueDt. greenhouse 1d.tb art,1fic1a1 l1gbt 

provided from m1dn1ghi to dawn. Plants 1noculated vith races 1 and 2 

vere kept in the same rooD1J plants inocalated with races :3 and 4 vere 

moved to a greenbouse vithout art1ftc1al l1gbt. fiae temperature in bath 

roOlilS vas cODtrolled tœrmostatiea1Jl' betwen 20°0 and 27°C. 

In the SUIJISfer of 1.962, telia of races l, 2· and 3 _re produeed on 

var1et18s S'7-388, Horden 29 and Korden 69 respeet.1veq in 1solated pl.ots 

,-' 
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in t1w field. The pJ.ant.s W~ inoculated in the m1ddle o~ August JI and 

in late Septembèr and earq oetober, wœn the talla are forid.ng or had 

alreadT fOrEd) the telisl samples vere collected and tested for germ

ination. in bath tests onq race 2 gave soma sporid1a1 infection. The 

last talla' 'W-are supposed te ha coUected after exposure to kil] ing frost 

in the field. Howsver. th1s could not be dons with races 1. and 2. 

because the field plots 1II"al'S p10ughed ba,t'ore fltosts occurredo The tel.1a 

ot race 3, although eollec:ted attsr frost. did net germ1nate. . The 

teUal leaves were heav1.:q 1ntected idth mUdew. and ere dead 8.nd 

brlttle baiora !rost. 

From the wiDter of 1962-1963 ommrd a rambar of tr1als wara conduct

ad on the production of gel'lDinatiw tella. Tha seedl.ings vere ralsed in 

the greenhouse unœr the coDditions descrlœd in ,.thods and idater1.als. 

Of teUa produced trom the winter of 1962-1963 ODNal"d, sat1stactory 

germination was obta1Dad from o~ three trials whlch will be discussed 

here. In a nwnber ot other tr1al.s a ln scattered spor1d1aJ. infections 

were obtia1Ded. In SOIE ot these cases. it W8 telt that talla produced 

under theas conditions ~ germinata 1t su1tabq manipulated. bŒt; 

rep,ated exper1ments vere not successfu10 

In the tirst trial in whioh satisfaotory germ1nation RS obta1ned 

the plaDts were iDocul.ated 1n the second week of Oct.ober. 1963 and the 

iDteeted plants kept for aJaost tw months in greenhouse 4A. 1Iithout 

art1ticial. llght. Tel:1a Irom th1s tr1al were colleœed OD Dacember 13 

and ge1'lll1œt1oD tested a week after harvest. 

In the second tr1&1 the plants _1'8 1Doculated 1n1tialq IlOt for 

tel1a production but for the increase ~ single ured1al. pustules ot races 

1. 2. :3 and 4. The plants are inoculated on October 11. 1964 and are 

-
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then plaeed in coDtrolled enviromuent chambers to prote ct them .tram con

tamination. The same plants were reiDoculated us1Dg the smaU BMOunt of 

inocmlum produced from the tirst 1noC11latlollo After the uredospores WSN 

collected on Navembar 10 the pl.ants were placed -in greenhouse No. 4A. A 

few days af'ter they wre placed in the greenhouse t the laa.ves 1nteafied 

trom the first and second inoculations died but the naw~ emarging leaves 

whieh becama infected tbrough secondar:y infections whUa the plants \\'~re 

in the grœth cabinets, survived and formed taUa. Thasa germinated. 

Another set of plants. which 'Ws inoculated on Novembar 10G taUed ta 

produce germinab1.e tella in the same greanhouse. The telia ot both sets 

ot plants wre coll.eated on the sauze da,.. Those wh1.ch germinated vera 

sl1ghtq older tban those wbich d1d DOt. beeause the plants were intacted 

betore they vere transf'erred to the greenbouse. 

The last trial in the series on taua1 production was conducted in 

the spr1ng ot 1965, in the Agronouw greenhouse. The seedl1ngs were grown 

1D greenhouse 1 in 7-inch pOts with 12 to 15 seediings par pot.. Tha 

temperature was controUed between lSoe and ZloC. Dq length ws· 1'1 hours 

vith art1fic1al l1gbt provided f'rom midn1ght. to dawli. The plants were 

inoculated about a month atter sow1ng, when the th1rd pair of leaW9 had 

p&rtq 9merged. Aftier 1nocul.at1on the,. were div1ded into three lots and 

placed in greenhoUses 1. 2. and 3 respect1veq. in 1. pots we1'8 placed on 

sh.elvea along the corner ot the valls fac1Dg the south and the west. in 2 

on a shelt along the wall facing tbe southo and in 3 t on a ceœral banch. 

The temperature in bouse l vas lœpt betveen 180 and 27°C and dq length 

àt 17 hours. The temperature in house 2 ranged ~om 15° to 20°0 and dRy 

length as 17 hOl1rS. . However. the plants vere sbaded ba' oat pl.ant.s 1Ib1ch 
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liera taller than the suntlowar plants. In house 3" no artiticial ligbt 

vas provided and the temperature was maiÎItained between 70 and 100e, too 

lov:for sunfiowers. New leavea were paJ.e green to yel.lou. In house ) 

it took 16 to 18 days for uredia to appear compared te 7 ta S days in the 

other two houses. By the time the m-edial. pustules became visible tallal 

formation WB aù.so eviàent~ The tel1al 1eaves hom aU tbrea sets of 

plants ware coll.eœed tmcat on AprU 5 and on April. 11, 33 end 39 œJ7s 

respect1veq aft.er inoculationo 

Th9 tel1a collaGted trom thie trial vere tested for germination 

within a nak alter barvest. The amount ot sporidial. infection vas 

est1mated quantitativeq visualq" 

'relia barvested on AprU U. gave more sporid1al. 1nfect.1on tban 

those collactèd on .A.prU S~ 'relia produced in houses 1 and 2 germinated 

qu1te vell. bŒt thoao collected from house 1 germ1nated better than those 

:trOll house 2. The tella produc:ed in house 3 (low temperature) gave 

relat1vel1' fev spor1d1.a1. infections. 

Sa'tiSlactory telial germination oecurred in four tr1al.s. In tvo 

ofthem; plants vere 1noculated about mid-October, in oœ. on February 8. 

and in the tourth, on March ,. vi d1fterem years. Teliospores ":result1ng 

from inoculations at other t1mes gave rise te tew or' DO P7cnial 1Dfect1ona. 

Althougb the data are llmited, !t mq be that eDV'iromaelltal 

conditiOns in which plante were srown prior to inoculation. or conditions 

dur1n8 ured1al and tel1al :formation, determined the germinab1llty ot the 

tel1osporel5. The fact tbat. telia produced under tbree difterent sets of 

conditions iD April, 1965. aU gave rise to WCn1al. 1ntectlons suggests 

that the colXiitions prior to inoculation JIIa7 have been the cr1tical. ones. 

LiaDi (1966) lIOrld.ng vith races 1 and 3 obtained good sporld1al 

, ~ 
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intection 1n Olle oK her e:per1mems in which the seedl1ngs were grown in 

'the gresnhouse ~ were plaeed in controUed environmeDt. chambers alter 

:1noculation,tor ured1al. and tel1a1 production. The tella. which gamin

ated _ra coUecœd approodmateq tbree weeks before those wb1~h 

germinated in nw e.xparimeœs. She tried ta repeat her experwnt in }~ 

bttt without sucœss. Sinee in both ber eœ:perimems the seedlings tïere 

raised in the graenbouse and. the telia were produeed in the controUed 

envil"onment cbambers t the d1tf'erencE!l 11'1 resul.ts was probabq attributable 

to a change in the enviro:nm.ental conditions in the greenhouse. Possibq 

dur1l'lg earq to m1d-spring conditions in the greemhouse were f'svOUrable 

for the production ot host plants on whieh germinabla tel.ia could be 

formed. 

Bailey (~92.3). world.ng with ~r ruat. noted tMt greermouse

produeed talla ooUécted on November 19, 1920, and stoNd at room temper-

ature t b an icebox, or outdoors gave good sporid1al infection when tested 

:in the greel'1house on March 5 • 

.Ab. attempt was made to determ1ne U aonditioDS ot storage atfected 

germ1œbllity of teliospores. Teliospores produced in the greermouse at 

various times were tested tor germination. Non-gel'll1Diltbl te11a ftN 

stored tor various periods at room temperature. in a cold room at 10°C t 

in a. freezer at about ... 15oC, and. in seme tests in the w1Dt.er. 1Dlder snow 

out of doOl's. Sampl.es wre tested at il!tervals for three ta six months .. 

No gend.œtionns observed 111 UV' of the mater1aJ.s at &IV t1m. 

It vas impossible ta teU from the results if' the talla vere dormant. 

or dead. Tel1oapores of a lat which germinated well when collected in 

A.pril 19605, did not germ1nate when te:Jted 40 days later. In other exper1 .. 

ème, SOD18 t.elia germ1nated wall when collected 8.l'ld also âfter storage at 

--



. .,.--
.l, 

-29-

room temperature for a month. vhereas othars faUed to germinate when 

tested af'ter , waeks of storage. 

With reterenee to the time of year in relation to the produ.œion 

of germ1œt1ve telia the reports of two other tind1nss with ditfereDt 

nets ~ b3 mantione~ 8amborski (1963) working with tl cultura of west 

leaf' rust 1) attempted to germinate teliospores l.w eltorœta tœttin$s and 

dry'ings without prel'm1m..r;v col.d treatment. He noted that the teliG. 

produead in the month of March germ:1.nated atter fewer "œttings and dryings 

than those produced in Dacembaro Flor (1942) worldng with flax rust. 

experlenced considerable d1ft1müty in germ1.nating tel1ospores produced 

in the greenhouse. He attempted to germ1nate tal1a boY various treatments, 

sueh as :freszing and thaving fol.lowd by alternats wettings and. dryings. 

He œted that tel1a developed cn greanhouse-grown plants and ripen1Dg in 

April, gave the best germination. Again thase two reports suggest that 

certain per10ds of the ;year, particularq during earq to mid.-spring, Day 

provide favourable conditions for the production of germinative talla not 

onq with suntl.ower net blIt with soma other rusts alsoo 

Johnson 8!ld bis associates (Newton and Johnson, 19:32; Johnson et 

al •• 19;34; Johnson, 1954) who have dons extensive work on the inheritance 

of pathogeDicity in eeraal.rusts· repoz"ted that tella produced at low 

te!ilpGrature (about. 600,) iD the greenbouse gel'llinated after freezing and 

thawing toUowed br alterœte wett1ngs and dr,yirlgs. Bowever. tbey did not 

mention the t1lae of yeu the tel1a vere produced. 80 it is œt apparent 

whether germiDation vas pr1marlq dne to the treatments they applied or 

due to eeasoœl. 8fteete. 

-
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From the results ot tbis stuC\v it appears that at two seasons. 

one in the tall (September to November) and the second in earq to mid

spring (Mareh to mid-AprU) D environmental. conditions in the greenhouse 

rœ.y ba :tsvourable for the production ot germinative telia. If' this ls 

found to ])a true tM.s may mr;p1ain what happens in nature. In œture telia 

are formad in the earl\v fan 't1ith the approaoh of winter and it may ba 

that tbis period is favourable for the formation of telia and the anviron

mental conditions existillg in the spr1ng Dla\Y be favourab1e for the 

germination of telia. The fmlction of lem winter temperature may he 

just to retain the viabUity ot tel1ospores qy preveuting their 

germination prematureq. 

!'he basic. problem in 1nher1tance. etudies of pathogenicity 111 mat 

f\mgi ramins the production of' germinative tella. Theretore it 1IJÇ' be 

rewarding to investigate wbether there ia aJV correlation between tœ of 

year and the production ot germinative tel1a ss suggested in tb1s stuqy. 

:If it 18 f'oWld to be true t 1t may be possible to dsterm1œ the environ

mental condit1ons by' meaS1U'iDg the da~ sero- and m1cro-eJ.imates 

prevaU1ng in this per10d and tœn it would be possible to produce gel"m

iDat1ve tel1a in the controUed enviromnent chambers qy reprodue1ng thess 

conditions. 

Differences &moN tour races. Race 2 gave more v1&orous tallal 

germination than the other tbree races. The tella ot race 2, coll.ected 

in Apr1l, 1965 produced so ~ pycn1a1 1nteetions tbat most of the pycnia 

proda.ced aecia spontaœousl;y and oould nat. be used for exper:1Jneutal 

purpC>ses. 
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Selfing studies w1th P5Yaiolopc races 

In selfing mat races ether dii"t'iculties were encoun'tered basides 

inducmg tel1ospore germination. 

Stmf'lower ruet la aut.oeciaus. and uredoapore 1nfeC'tions were 

usually encountered simultanao'Qsq with aporidial 1kafeetions~ Due to the 

paucity of telisl germ1nJltion no method 'mls devised to kUl the uredio

spores without affecting the germination of tel1osporeso In germination 

tests tel1ospores were generall,y alternateq wetted and dried tnce. Tc 

reduce the probab1l1ty of moedial infection, the alternate soaldzlgs and 

dryings vere coDtmued up to .5 t1mes with some leaves. From the limited 

tests made. 1t appeared tbat repeated soakings and dry'1nga draatieal.q eut 
erp/a"7"1 e.c/ 

botb sporid1al as wall as ured1al. inf'ections. This may be elEf3JdDa'ble by 

Ba1ley" s (1923) find1ng tbat tal1ospores tloated on the surface of water t 

bagan to germinate within 2 hours. Att.er 12 t,o 24 hours sporid1a were 

formed and germinated soon af'ter. 

Bath sporidial and ured1al 1nfect1ons vere visible almoBt siDmltan

eousq. Sinee the primary object of this study was to investigate the 

inheritance ot pathogen1city in net races, as aoon as sporid1al infections 

were visible the ured1al infections were removed by eautarizmg the leaf. 
~';Y vt ..... t,. 

If tbare were too maI\Y uredia on a 1eaf'. H was removed. O~ tho&'. pycn1B 

which were at least l cm or more 6wç- f'rom uredia vere used tor exper1mental 

purposes. Both S1lrtaces ot 6Ve17 leaf were examined tues a ~ for st 

least 4 or 5 day's to he sure tbat an ured1al irlfections were removed. 

The size of the pycn1a var1ed trom normal (4 to .5 mm d1ameter) te 

tiDJr (about 1 Dm) on au var1et1es. Seme of the smallest pycnb. 

dieappeared with1n 5 or 6 deys alter they were formed. A few of the 

-
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"t1n;y" pycnia vere ferlillzed successtuJ.q wen pooled nectar wes appl1ed 

to thëm. The number of social. cups produeed b.v them varied !rom 2 to 7 

par intection compared with 50 to over 100 C11pS produced from tbe fertil

ization of a normal pycn1umo Howavaro et the 51 geœrat10n the uredial 

cultures derived !rom tbe abnormal.q srimll pycnia ware 1ndi.5t:i.ngu1shable 

trom those derived ±rom the fertiliZation of normal pycn1a. 

A few normal pycnia produced a reddish brown grarm1 Br substance 

resembling a spore-mase on thair ostioles. and the p.vcn1al nectar dried 

up witbin 2 or 3 d.tiws.. Under the low power microscope they appeared to be 

sterile masses ot minute urediospores. A few S37-388 seedllngs were 

inoculated with these masses of spores but no visible symptoms of inf'ection 

were observed. 

Seme normal WCnia were net i'ert1l1zed success~ even when poo1ed 

nectar was applled. These pyenia enlarged great4r and eontinued to 

produce nectar for almost tbree weeks. A s'm11ar phenomenon ws reported 

by J ObnsOIl l\nd Newton (1938) in west stem rust and b.Y Vakni (1958) in 

'Wheat leaf rust and Zimm.er (1961) :in erown rust ot œts. J obnson and 

Newton suggested tbat genetie factors may he invo1ved in goveming the 

formation of aeeia. With one race of wheat leat net. in spite ot masa 

fertilization. Vald.l1 (19.58) tound that among 1114 pycnia. 101 pl'oduced 

neither spermtia ner aecia. 24 produced spermatia ba.t did not produce 

aecia and onlJ" 19 produced spermat1a and aec1a. He cone1uded tbat spermatiaJ. 

and aec1al formation were govemed b.v' genetie :taetor(s). 

Another ditt:lculty encOUJJt.ered ns with 1nteetion b.r aeciospores. 

Aeciospores transterred trom appareJ:Itq normal. and well developed aecia 

somet1mes taUed to infect seedl1ngs ot the variety S37-388. In those 

-
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aeeial cultures wbieb did intect the bost seedllngs. the mmber ot uredia 

produeed varied :f'rom 2 to over 100. Almost SO par cont ot the aecia gave 

very poor intection. produe1ng o~ a few uredia. S:hnilar dif'fieul.ties 

were eneoumered b.v œœr workers iD other mats (Johnson and Newton, 19)8, 

ValeUi, 1958; Zi1mIwr p 1961g Green, 1964).. Zimme19 working ~11tb crown ruet 

of œts 0 reporled that some normal. pycma produced t.Wcia but the aec1o

spores tailed to intect var1eties unifo~ suseeptibleo He concluded tbat 

the aeciospores ot tbese a.eeia œre e1ther 1nviable or incapable ot infed-

1ng the susceptible varieties. Thesa are heterotball.ic rusts Wich might 

normally be cross-fert1l1zedo The taUure ot some aec1ospores to infect 

the susceptible varlet y may be due to an injurious effect ot selt

fert1l1zation as tound in soma cross-:tertUizing spec1es. Alternst1veq t 

it Iœy' be tbat S37-,388 bas some recess1ve factors for resistance which are 

inoperative against the parental. races, but when the corresponding ganes in 

the 1\mgus -were brougbt to bomozygosity b.v selting t the aec1<)spores passess

ing the homozygous genatypes faUed to attack the variety. 

:Inheritance of patbogenicit;v in the selfed Fogesy ot 

four rust races on the sunf'lower dU'ferelltia1s 

The results on irlheritance of pathogenicity in rust. races wUl he 

presented vith the progeDies obta1ned from the w.2nter of 1962-196' onward. 

In the winter ot 1961-1962 some Sl and FJ. progemea were obta1ned. At that 

t1me the peculiar behaviour ot the rust races and ot the d1fferential 
...,o.io 

varieties -W8I'8 not recognized' some ot the cultures were thought to arise 

The pathogenieity of th9 Fl bJ'brid cultures was eva1uated aga1nat 

tbat ot the :tOlU" parental races by 1noculating them using the JmÙ.t1ple 

-



inoculation method. The pathogemcity ot those S1 cul.tures wbich were 

obtained before 1965 was determiœd in the same way aa that of' the FI 

cultures. The pathogenicity of those S1 cultures obta1ned in 196.5 was, 

for want of t1me. determ1ned by mass inoculation. The number of seedlillgs 

mocul.ated mth self'ed. cultures varied :t'rom S to 10 and Yith Fl bybrlds 

frem 3 to 15. ibn tests trore parf'Ortœd by multiple inoClllatlon, the 

pathogenic1ty of the progertV ws dGterm1ned from the seedl.1ngs uhich gave 

appropriate react10DS to the parent races. However t if the parem race 

was av1rulent but its progeI\V were virulent, or vice-versa, the reactions 

on the se seedllngs were taken :lnto consideration 1n determining the patb

ogenicity of the progeItY. 

The number of S1 progerw obtained in d1f'fereut experiments and 

their pathogenicity are shown in Tables 1 to 4. Â vi.sual exam1nation of 

the results shows tbat the ratios of dom1naDt. to recessive classes varied 

wideq floom èxper1ment. to experiment. There may be several reasons for 

thist 

1. Pycnia were few in practicaJ.:q all. exper1ments. Altbougb they were 

fertU:1zed succes~ by using pooled nectar, tbere m1ght be serious 

sampllng errors because the'·.populat1ons are so small.. 

D1ff1cul.t1es were encOUDtered in class1ty1ng some of the progen1es 

as vir1il.ent. or av1rulent. Some cultures gave intermed1ate reaœions. It 

vas impossible to class1t)" them by progeJW' tests because ot d1fticultleà 

in :lnducing tella to germ1nate. 

3. Seme data indicated the poss1bUity ot non-Mendellan inher1tance 

of virulence in SOD!t cases. 

Beeause ot tbese difficult1es. the data vere not ana:qzed stat.1st-

1caJ.:q. The use of X2 tests would be questionable in aDJ" case because in 

-
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TABLE 1. REAŒION OF SUNFLOWER DIF'FERENTIAL VARmTlES TO Sl UREDIOSPORE CULTURES OF RACE 1 

Pycnia Single Uradia1 Variaties il 
Tella1 Method of produced pustule inoculation 

de s ignat ion selfing on culture Methode Morden 29 CM90RR M62-2672-2-r1 M62-2685-14-1 
number. 

JJ V Â V A V A V 

63(1) Reciproca1 537-388 multiple ~/ 0 i210 
64-(1) Pooled nectar • 1 " 17 1 15 3 :3 12 

2 te 12 2 12 2 2 10' ~ 
\J\ 
1 

65(2) " " 1 routine 15 2 17 0 

2 " 14 0 13 1 14 0 

i Total 537-388 60 5 59 6 5 22 31 0 

1 
- - - --~- - - ---~ --- --_ .. _--- -- -- -----~---l 

1 65(2) Pooled nectar CM90RR 1 routine 5 0 o 5 4 1!± 

1 
2 11 2 0 0 2 1 J!!.I 

Total CM90RR 7 0 0 7 - 5 2 

1.1 Parent race 1 18 virulent on S37-388, M62-2672-2-r1. and av1rulent on otharso Results are based on 
reactions cf 5 to 10 seed11ngs in each case. 

y A$ avirulent 1 V t virulent. 

'Ji Oœ culture showing reciprocal diff'erences in pathogenicity was not includad in the ta.b1e. 

!!J T',u cultures were virulent on more than 5($ ot the seedJ.1ngs. and were Glassed as virulent. 
.J 

.... ".,,,---_._'~ ~~ 
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TABLE 2. REAGI'ION 

Tella1 Method of 
d.esignation sel:fing 

63(1) Reciproca1 

64(1) Pooled nectar 

65(2) ft 

Total 

t 

L 

~. 

• (:~::.\ . t 

OF SUNFLO\-1ER DIFFErŒN1'.IAL VAR:œrms TO Sl UREDIOSPORE CULTURES OF RACE 2 

Pycnia Single Uredia1 VarietieJJ 
produced pustule inoculation 

on cul.ture method. Morden 29 CM9ORR. M62-2672-2-rl M62-2685-l4-1 
number" 

JI V A V A V A V 

5.37-388 mul.tiple 0 3 3 0 

tf 1 .. 3 28 2~ ~ Z1 ~ 3~ 0 

2 i. 1 12 llJ.I ~ 8 2 lJ 0 

" 1 routine 4 31 ~I i11 33 2 

537-388 8 74 69 13 35 5 77 2 

~ 
'{' 
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TABLE 
., ,.. - continued 

Pycnia Single Uredial VarietieJ: 
Tellal 

de signat. ion 
Method of 

seli'ing 
produced pustule inoculat.ion 

on cu1t.ure met.hod~ 

number. 
Morden 29 CM9QRR M62-2672-2-r1 M62-2685-1.4-I 

1:1 

Y 
'J./ 

Bl 
21 
§/ 

11 

6.5(1): . 

65(2) 

Reciproca1 Morden 29 

Pool.ed nectar ft 

Total Morden 29 

1 

~2 

multiple o 

routine 2 

2 

V A 

3 

8 

3 

a21 

1111 

v 

o 

2 

2 

A v A 

10 

10 

Parent race 2 is virulent on 537-388, and Morden 29. and aviruleDt .,n ethers. Results are based on 
reactions ot .5 to 10 seedl1ngs in each case. 

A. a~nt.1 V, nnùem • 

One culture wes avirul.ent. on more t.han .5CJ!, of t.he seedlings and was classed as avirulant. 

Four cu.:1tures were avirulent on more than .5Cf!, ot the seedlings and were classed as avirulent. 

Three clÛt.ures wore avirulent on more t.han .5CJ% of t.he seecUings and were cl.assed as avirul.ent. 

One culture ws virulent on more than .5Cf!, ot the seedl.ings and was classed as virulent. 

Three cult.ures were virulent on more t.han .5($ ot t.he seedl.:1ngs and were classed as virulent. 

v 

o 

o 

~ 
~ 
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TABIE 3. REACTION OF StJNFI.ao1ER DIFFERENTIAI. V ARlETIES TO Sl tlREDIOSPORE CULTURES OF RACE 3 

Sfiiilê 11 
Pycnia . pustule Uredia1 Varieties 

Telial Method of producod culture inoculation 
designation selting on numbjr. Methode Morden 29 CM9(lRR M62-2672-2-r1 M62-2685-14-I 

J1J V A V A V A V 

63(1) Reciprocal 537-388 multiple 3 0 0 3 

64(1) Pooled nectar h 1 ft Z7 1 2 26±1 19 0 19 0 

2 ft 26 0 ~/ 24 18 0 18 0 

65(2) ft h 1 routine 2 1 1'Jl 2 3 0 

2 n 2 0 0 2 2 0 

Total 53'7-388 60 2 5 57 37 o 42 o 

y Parent race 3 1e virulent on 53'7-388, and CM9œR and avirulent on otherso Res'iÙts are based on react10ns 
ot 5 to 10 seedlings in each case. 

,~ y At avirlller.rl;; V, viruler.rl;. 

, "J./ One culture ns avirulent on more than 5a% of the seedlinga. and was classed as avirule1lt. 

!!I One culture was virulent on more than 5C1% of the seedlings. and ws cl.assed as virulent. 

"- :_--- ._ .. ~-
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TABLE 4. REACrION OF StINFLCMER DIFFERENrIAL VARm:ms TOS1 UREDIOSPORE CULTURES OF RACE 4 

Single 
Pycnia pustule Uredial 

Tellal Method ot produced culture inoculation M69-W59-11-
designation selfing on nutnbeXlo method. . Morden 29 CM90RR Mc6~lJ-r4 M62-2672-2-rl M62-2685-14-1 

AY V A V A V A V A V 

63(1) Reciproca1 537-388 multiple 0 l 0 l 

64(1) Pooled nectar ft l ft 0 6 l 5 l 5 6 0 6 0 

2 i. l 5 0 6 2 4 6 0 6 0 

~1 ~ 
65(1) " " l " 0 6 0 2 l 0 0 l 'P 

2 t. l 4 2 :3 l 2 0 l l l 

65(:2) .. n l routine 0 J,S2!1 14 II 4 

2 ft l lJ 2 12 12 22.1 
1 

! 
i 
1 
1 Tota1 S3'l-388 3 49 7 42 5 13 13 l 36 8 1 

1 

~ !I PareIIt race 4 la viruleIIt on 537-388, Morden 29. CM9œR and M69-W59-lJMC62-l,3-r4 and avirul.ent on M62-2672-2-rl. 
1 and M62-2685-l4-I. Results are bssed on reactions ot 5 to 10 seedlings in each caseo 1 
1 

! 
; 

~I A, av1rulent; V. virulent. 

J./ One cuJ.ture was virulent on more than 5($ ot the seed1ings. and was classitied as virulent. 

!l:.! Four cultures were virulent on more than sCfl, or the seedlings, and were classif'ied as virulent. 

21 One culture lias virulent on more than 5($ ot the seedl1ngs, and ws classified as v!rulento 

) - .... ~ .~ ...... _.=-... c· .•• _. __ .. ·._ ... ~··_~ ... -_ •.•• _ ...... ~._ ... ,.- ---_ ...... ~_.~---_._. -.-_ •• _, ---- --- - - ._- - ---_·_----·-d 



most exper1ments the expected number of 1nd1viduals in the recessive chss 

wolÜ.d ha less than S (Smith 1954. p.624, Srb et al',1965. p .. ,57). 

The pathogenicity data of S1 progeIW" show that aU four racos are 

heterozygous on variet:1.es Morden 29 and Ch"9ORR. and races 1. 2 and 4 are 

also heterozygous on Une M62-2672-~rl and M62-268S-14-I. Race 3 did 

not y1.eld BlW' segregants on M62-2672-l4-Io How-ever, the munber of 

aecial c1usters imTestigated and the nwnbeX' of proge1'1Y cultures teeted peI' 

cluster in each exper1mem. are not sufticient to conclude that race :; 15 

homozygous for virulence on th1s Une. 

Some Sl progenies were v1rulent. on soma seedlings and aviralent on 

other sesdlings ot a line. while the parent races on the same saedllngs 

gave consistent reactions. This ns observed MOst trequem,q on CM90RR 

(Tables 1.. 2. 3) but also ocourred on Mordan 29 (Table 1) 0 'l'hese cultures 

liere arbltrar~ class1tled as virulent or avirulent» according to the 

reaction on the majority of the seedliDgs. It was reallzed tbat if more 

seedl1ngs had been tested, the classitication of the cultures m1gbt bave 

been d1.tterent. 

These "aberrant a react10ns cannat be attrlbuted to m1xtures of 

genotypes in the mat. 'because aU the seedlings concerned were inoculated 

witb spores trom the same source st 'the same t1me. The nnmber ot spores 

appl1ed to 1nd1vidual leaves 1s in the thousandso The probab1l1ty of 

onq one pathogen genotype ot a mixture be1ng appl1ed to a glven le~ ls 

theretore pract1~ nU. The variation in reactlon IIBlst theretore be 

attribated to d1f'terences 1D hoat senotypes DOt d.1scernible w1th the 

parent races. 

In one experiment tbree Sl cultures ot race 1 .re obta1ned b;y 

reciproeal. transter ot spermat1a (Table 1). CUltures trom one of these 

- .-' 
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TABLE 5. PATHOGENIClfi ON V.ARIErY CM90RR OF Fl UREDIAL 

CULTURES DERIVED FROM CROSSES BE.rWEEN PARENTAL 

RACES IN AIL POSSIBLE CœBmATIONsY 
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TABLE S - continued 

Numbër of 
Cross crosses Pathogenicity of Fl qybrids 

Bacs 2 x Race :3 

Reciprocal :3 Virulent; 

l Virulent on some and avirulent on some 
others 

2 Virulent on some and resembled 
maternal parent on others 

l Virulent on some. av1rulent on some 
and displayed reciprocal differences 
on a tew others (race :3 side avirulent 
and race 2 side virulent) 

One-sided 
race 2 ~ternal l Virulent on some and aviru1ent on 

others 

Race 2 x Race 4 

Reciprocal l Virulent; 

l A:virulent 

2 Variable or virulent on some and 
avirulent on others 

One-sided 
race 2 maternal l Virulent 

Race :3 x Race 4 

Reciprocal 2 Virulent 

2 Variable on virulent on some and 
av1rulent on ethers 

!I The variety is susceptible te races :3 and 4, and resistant to races 
l and. 2. Results are based on reactiens of 10 to 1.5 seedl1ngs :in 
each case. 

- ...... 
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TABLE 6. PATHOGENICn'Y ON VARmY MORDEN 29 OF FI UREDIAL 

CULTURES DERIVED FROM CROSSES BEl.'WEEN PARENr 
Ji 

RACES IN ALL POSSIBLE COMBINATIONS"'" 

Cross 

Race l x Race 2 

Reciprocal 

One-sid.ed 
race 2 maternal 

Race l Je Race :3 

Reciprocal 

Race l x Race 4 

Reclprocal 

One-sided 
race l maternal 

race 4 materna1 

Race 2 x Race 3 

Reclprocal 

One .. slded 
race 2 maternaI 

Race 2 x Race 4 

Reclprocal 

One-sided 
race 2 materna1 

Race :3 x Race 4 

Reclprocal 

Number of 
crosses 

6 

2 

3 

3 

Pathogenicityof FIl\vbr1ds 

Resembled maternal parent 

Resembled maternal parent 

Avirulent like parent races 

Resembled maternal parent 

l Avirulent like parent race l 

2 

1 

6 

Resembled maternal parent 

Resembled materna1 parent 

Resemb1ed materna1 parent 

1 Virulent like parent race 2 

1 Resemb1ed maternal parent 

4 ViruJ.ent like parent races 

l V:1rulent 1ike parent. races 

4 Resembled materna! parent 

!I The varlet y Morden 29 is susceptible '~o races 2 and 4 and resistant 
to races l and 3. Results based on reactlons of 10 to lS seedlings 
in each case. 
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TABLE 7. PATHOGENIClTY ON UNE M69-WS9-11-MC62-l,3-r4 OF 

. Fl uruIDm CULTURES DERIVED FROM: CROSSES 

Œl'WEEN PARENr RACES IN ALL POSSIBLE COMBINATIONJ=' 

Cross 

Race l x Race 2 

Reciprocal 

Race l x Race 3 

Reciprocal 

Race 1 x Race 4 

Reciprocal 

Race 2 x Race 3 

Re e1pro cal 

Race 2 x Race 4 

Reciprocal 

Race 3 x Race 4 

Rec1procal 

Number of 
crosses 

.5 

l 

2 

l 

1 

3 

l 

l 

2 

l 

l 

4 

Pat:hogenicity of Fl ~brids 

Rasembled maternal parent 

Avirttlent 

Av1rulent 

Resembled maternal parent on some 
and avirulent on others 

Resembled maternal parent on some 
and virul.ent on others 

Avirulent 

Resembled maternal parent 

Resembled maternal parent on some 
and avirulent on others 

Virulent 

Virulent on some and avirulent on 
œhers 

Avirulant 

Virulent 

Resembled maternal parent 

~/ Most of ~be seedlings on this Une are res1stant to races 1 and 3 and 
susceptible to races 2 and 4 or to race 4 o~. Results based on 
raaotions of .5 to 8 seedlings in each case • 

.. . _------_ .. _--_._-------_._----------- --- ---- - --- .. _-------_._------------._----------_._-------- _._----.. , ,': 
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TABLE 8. PATHOGENICJTY ON LJNE M62-2672-2-rl OF Fl UREDIAL 

CtJI:rŒES DERIVED FROM CROSSES BErWEEN PARENrAL 

Cross 

Race 1 x Race 2 

Reciprocal 

Race 1 x Rac~ :3 

Reciprocal 

Race 1 x Race 4 

Reciprocal 

Race 2 x Race :3 

Reciprocal 

Race :3 x Race 4 

Raciprocal 

POSSI61.E 11 
RACES· IN ALL" COMBINATmNs=' 

Namber of 
crosses 

:3 

2 

2 

5 

2 

2 

Pathogenicity of F 1 b;ybrids 

Avirul.ent 

Aviru1ent 

y 
Virulent op avirulent but the 
reactions were simUar to parent 
race ~ 

Virulent on seed11ngs susceptible as 
well as resistant to race 1 

Av1rulent 

Aviru1ent 

Avirulent on some and reciprocal 
differences on others 

1:/ Most of the seedl1ngs of tb1s line are susceptible to race 1 and 
high4r resistant to the other three r races. Some are also resistant 
to race 1. Resul.ts are based on the reactions of :3 to 8 seedlings 
in each case. 

-
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TABLE 9. PATHOGENIClTY ON LINE M62-268.5-14-I OF F1 llREDIAL 

CUI:rURES DERIVED FROM CROSSES BErWEEN P.AREN!' RACES 

IN AIL POSSIBLE CfMBINATIO~/ 

Cross 

Race l x Race 2 

Reciproca1 

Race 1 x Race :; 

Reciproca1 

Race 1 x Race 4 

Reciprocal 

Race 2 x Race :; 

Reciproca1 

Race 2 x Race 4 

Re cipro cal 

Race :; x Race 4 

Reciprocal 

Number of 
crosses 

4 

.5 

4 

2 

2 

Pathogenicity of Fl h\vbrids 

Avirulerxt. 

Aviru1ent 

Avirulel'Ë 

Avirulel'Ë 

Avirulent. 

Avirulel'Ë 

V1ru1er.d; 

11 The seedl1ngs are highl3 resistant to aU 4 parerxtal races. Results 
are based on reactions of 6 to 10 seedlings in each case. 
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Inheritanee of pathogenicity te var1etl CM90RR :in uredial 

C1Ù.tures ot Fl b.yb:rids of crosses iD aU possible 

comb1œ.tions of races ~D 2. ). and. 4 

Race l x Race 2 

B;vbrids l'iare obtai.ned from 6 reciprocal and 2 ona-sidsd crosses p 

(Table .5)0 OK the 6 reciprocal. crossesl) the ~brids in 5 crosses 'Vwre 

avirulent and in one cross virI.llento In the tuo one-sided crosses the 

~ids (race 2 maternaJ.) were avirul.euto 

Race l Je Race 3 

Hybrida were obtained trom threa raciprocaJ. crosses (Table S, 

Append1x Tables II, VIII). Of thesa, the lVbrids in one croas were 

virulaat: in another crOss the lV'br1d.s were virulent on some saedllngs 

and resembled materna,l parents on ether seedl.ings. In the tb1rd cross t 

in the tiret test made b.v the mass inoculation method, the Fl trom race 

l sida was av1rul.ent and. tbat from race 3 side ws virulent on some 

seedl.1ngs and av1rulerJt on other seedl1ngs. In the second test 

(inoculated b.Y the multiple method) the Fl' s !rom bath sides were 

avirul.ent. In all cases the parent raees gave the appropriata react10ns 

on the same seedl1ngs. 

Race 1 x Race 4 

Of the 4 crosses, the receiprocal Fl b3'brids in two crossas were 

avirulant and in two ather croasas the Fl ' a vere virulent; on som aaod,. 

lings and. avirulent on ethers (Table .5, Append1x Tables III. IX). The 

Fl' s trom one of tbese CZ'osses ware tested tnce. Bach t:lme ihére were 

rec,siprocal reactlons on one of the ssedlingsa the culture tram race l 

side vas virulent and that trom race 4 aide av1rulsnt. 

1 



The Fl cultur'dS of tw of the tbree ona-sided crosses" (one trom 

the race l side and one from race 4) ware av:1ruJ.ent o In the othor one-

sided cross p the Fl' !rom the raoe l side D vas viralent on soœ seedl.ings 

and avirulent on otœr seedl1ngso 

Race 2 x Race :3 

Fl hybrids 'V.Yere obtainad .from 7 reclprocal crosses and one one-

-------~s1dad____cross (Table 50 Appendix Tables :IV t X) D made at t.hree dU'fs1"snt 

timss. The F1 b;ybrlds of three reciprocal crosses were v1rulent l.1ke 

raoe).. The F1IIS of the four other crosses vare var:iab1e or virulent on 

soma seedlings and avirulent on others. In one of these reciprocal 

crossss, the pathogeniclt;y ot the F1" s resembled the maternal parents. 

In anothar cross, the F1 ' s exh1blted dissim1lar reaatioDs on some seedlingsi 

the Fl !rom the raoe ) side ws avirul.ent a.Dd that from the race 2 side 

The Fl tram the oœ-sided cross (race 2 materna!) vas v1rul.ent on 

soma seec1lings and av1rulant on eth.ers .. 

Race 2 x Race 4 

Four reciprocal crosses· were successtul. The FI. of one cross was 

v1ruleut.. and in another cross av1ruleDt (Table .5, Appendix Tables V. XI). 

In the two other crosses, the Fl vas var18ble or viru.1ent on some seedlings 

and. av1.ru1ent on others. The F1 obta1ned f'l"om one oœ-sided cross (race 2 

mternal) vas virulent. 

Race ;3 :x Race 4 

Oi 4 reciprocal crQsses. the D'l' s in two were v1rulent and in two 

others vere variable or v1ru:Leut on some seedlings and av1rulent on 

others (Table .5. Appendix Tables VI, XII). 

--
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Inb.erltaDce of pathoget\1eltl ta varlet, Mordan 29 

in uredial cul.tures of là blbrids of crosses in 

aU possible comb1nat1.ons of races l, 2, :3! and. 4 

Data on the virulence of aU possible combinat ions of tour races 

of '1 b;vbrids on variety l*>rden 29 are sunmarized in Tabl.e 6 and 

Appandix Tables l to XII. In most crossss the Fl b;.vbrids behaved like 

the maternal. parent race. 

The l\vbrids from one of four reciproca1 crosses, batœsn races 

l and 4 were s1mUa,. and av1rul.eDt 1ike the parent. The ~brids of ons 

of seven rec1procal crosses between races 2 and 3 were s1m1lar and 

virulent l.ike the parent race 2. 

Inher1tance of pathopn1cltl to M69-W59-ll-Mc62-13-r4 

in uredial. cul.tures ot Fl b,ybrids ot crosses in all. 

possible eomblnatlons of races l, 2, :3 and 4 

'l'he host l1ne M69-W.s9-ll-MC62-13-r4 18 hi gb~ heterozygous for 

reaction to races 2 and 4, bttt fa1r:q consistent to raoes l and 3. Seed-

lings of th1s Une were always inoculated by the DlI11t1ple method. 'l'he 

saedling reactions of th1s 11ne to by-brid cUltures were also ~ , 

variable. The data for pathogan1c1ty of the Fl h1brids are shOHn in 

Table 1 and Append1x 'l'ables l to XII.. 'l'he lvbrlds in the major1ty of the 

crosses resembled the maternal parent races. 

- ...;.1 



Inb.eritance of pathogen1cltz te l1na M62-2672-2-rl. 

m ursdial cul.tœ-es of Fl b..ybrids of crosses iD a.U 
. - . .' . 

posslbl.e comb1nations of races l, 2. 3 and 4 

The host l1ne M62-2672--2-r1 le heterozygous for reactions to 

all tour races~ The distingu1shing characteristic of this line le that 

S01Il9 seedl1ngs are susceptible to race l but immnne or hi.g11l\v res1stant 

to the other tbree raceso The seedling4 rea.ction to ra.ce 1 varies trom 

complete~ resistam to c~)letel\r susceptible ~ in soma casas it is 

difticu1t to declde whether the seedlings should be cons1dered 

resistaDt or susceptibleo The raaetion to the ether tbree races is 

quite distinct. eltber Mgb~ susceptible or ~ resistant.. and 

1nherited as a unit. i.e .. II e1ther resistant or susceptible to aU tbree 

races. In this stud;y we are concerned vith the pàthcgenicitY' of F1 

lv'brids on the seedlings which are susceptible to race 1 b1It resistant 

to the other three races. 

In crosses between races 1. and 2, the F1 IV'brids frOill tbre. 

reciprocal crosses vere avirulent l.1lœ race 2 (Table 8 and Appendix 

Tables I to XII). S1m1l.arq in crosses betwson races 1. and' the '1 

bybrids· ot tbrèe reciprccal. crosses were av1rul.ent l1ke raee ,. In 

reclprocal crosses between races 1. and 4, the Fl bjybrids vere Y1ruleut 

on soma seedl1ngs and av1rulent OD soma othel> seedl1ngs but the react.lons 

liera similar to race l, Fl lv'brids in two ather CJ!'osses. unlike either 

parent. were v1rul.ent on seedlings susceptible as we11 as on seedlings 

res1stant. to race 1. in crosses between races 2 and :3 the }).ybrlds vere 

avirulent l1ke the parent races. In two crosses batwen races , and 4 

t.he ~brids vere avirulent lilœ the parent races. The btbrlds in two 

r 
1 

1 , 
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other crosses wre av1ru1.ent on soma seadl1ngs and. d1sp~d reeiprocal 

differences on other seedl1rlgs. In ona of tbese crosses the Fl culture 

!rom the race 3 side was v1rul.ent . and that !rom the race 4 side 

av1rulent. In anotber cross the cul.ture from race 4 was moderate~ 

virulelIf:. on one seecUing and that trom the race 3 side lms avirulento 

Inheri'tance of pathogen1~it:v to Une M62-2685-14-I 

in uredial cultures of Fl b.ybr1ds of crosses in ail 

possible combinations· of races 1$ 2, :3 and 4 

The oost l.1ne M62-268,S-14-1 ls innmme or higbly resistarIt to aU 

races. In aU crosses axcapt thosS betwen races 3 and 4 the F11Wbr1ds 

were av1rul.ent like the parent races (Table 9 and Appendix 'l'ables l to 

XII). In crosses between raees 3 and 4, the FJ. b;ybrids in two crosses 

we:re av1rul.ent like the parent races; those in two other crosses, unl.1ke 

either parent, were v1rUlent. 



-53-

DISCUSSION 

In axw studies on selt1ng and erossing an autoec:iollS rust. con-

tamination ot cultures with other races 18 an obvious danger. Every 

effort ws made to avoid co11ta.m1nation or milœure ot uredia1 cultures 

used in this 'l:iTOrk by appropriate isolation of inoculatad plants. When 

uradiaJ. cultures œre 1'1911 astabl1shed in isolation on plants intended 

for the production of tella. however. 1t ws falot tbat the probabUity 

ot producing tella of a tlcoœe.m1.nant" race œs so slight tbat the talla 

ot various races vere prÔdueed in thé sama greenhouse when necessary. 

By the ti:me that the exper1mental tella ware "harvestedn, arq contamin

ant infections which m1ght. have occurred would probabl1" still ba in the 

ured1al. stage. 

A second possible source ot error ia the "diploidization" ot 

pycnia by' adjacent "Dr0dial infections (Brown, 1932). Any pycnia' with 

ured1al cultures c10ser than 1 cm wsre discarded, as were also arq 

ItspontaneouslT' fertilized pyeniao Arq uredia which d.eve10ped were eut 

away, usual.l\v é.t the "f1ecld.ng1t stage. It vas therefore fe1t that the 

probabUity of aberrant resulté aris1ng trom this type of "contamination" was 

a1so extremely remate. 

Soma ot JÇ' firet reciprocal crosses made in 1961-1962 yielded 

progenies which bebaved llke the maternal parent in some cases, or did 

not resemb1e elther parent in athar cases. As earlier work bad 

1nd 1cated simple, non-hlalic dominant factors com:.rolling resistance in 

the host (Putt and Sacketon, 1963), and had interred s'mUer 

uncomplleated control. of pathogenicity in the rust (Sackston, 1962), these 

- --' 
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"aberrant" results were attribated to contamination and. rust progenies 

",:.are discSrdedo 

SimUar results wera obtained in later exper1ments when spec1sJ. 

precautions et every stage made 1t possible to exelude contamination ae 

an explanatlon. 

Raciprocal d1ff'erences or distorted ratios in the progel\V can be 

attributed to non-cbromosomal factors p or to chromosomal factors Stllch as 

materœl influenceD preferentiel. segregation during gametogeœsis& gens 

conversion. paranmtation. aneuplo~o and mitotic recomb1Dation (Jinks o 

1964; W1lllams, 1964; Srb et al •• 1965). To exclude these phenomena 

with reasonable certainty the F1 ~brlds·· should be studied beyond the 

Fl generatlon. The d1f:ticulties encountered in inducing telial germina

tion, enumarated earll.er. made such etudies of later generatlons 

impossible. 

The F1 bJ'br1d progen1es of reciprocal. crosses between rust races 

bebaved llke the maternal parent on the d1.tterential variety Morden 29. 

On CM9ORR. howaver. most ot the reciproca1 bJ'br1ds behavad l1ke one of 

the parents, indicating chromosomal control of pathogan1city. The 

discussion on the possible mechan1sm of chromosomal 1nheritance of patb

ogen1cit;v wUl theretore be confiDed to the reS\Ù.ts on CM9ORR. 

The Fl bybrids bjtween pairs ot races we1'8 obta1nsd at dUtereut 

times. For this discussion, because ot the Um1ted progel\V size 1n each 

exper1ment. it w1ll be assmned tbat the data can be treated as if an 

the Fl by'br1ds ot crosses between an;y two races were obtained in one 

experiment. 

-.-.. ---------.--~-- .. ---- .. ---------.-.-------------------.-.. --;:r 
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Cultures were class1fied as virulent or avirulent on the basis 

of react.ions of llmited mmibers of seedl.Ulgs. The variety CM90RR 

appeared to he heterozygous to some ot the F'J. bybrld races. If more 

seedl1ngs could have been included in each test t it la possibl.e that 

more ot the Pl. cul.tures woul.d have besn shO't'JJl to be v1ru1ellt on some 

seedlings and avirtüent on others. 

Discussion of the apparent nature of inheritance of pathogenicit;sr 

will. be based on the assumption that patbogen genes conditioning . 

v1rulence or avirulence to a hoat variety D correspond to hoat geœs 

conditioning susceptibil.1ty or resistanee to a race ot the pathogen. 

This assumption will. be exam'ned critical.ly in a later section ot this 

thesiso 

In crosses between races l. and 2. botb avirulaDt on CM9ORR. the 

l\vbr1ds of one out of a total. of 8 crosses tes'ted were virulent (Table S). 

Al.though a progel\V size comprising hybrids ot 8 crosses is not enough to 

draw a detinite conclusion, a segregation within tbis size of progeI\V 

would be expected if the avirulence of both the races ls governed by the 

same factor and bath are heterozygous. i.e •• if both races possess the 

same genotype on CM9Œ,R. 

In crosses between races l. and :3. (Tabl.e S). the Fl. lwb:rids of 

one cross wera virul.ent. In another cross. the Fl. progeq,y was variable. 

or vas virulent on some seedlings and av1ral.ent on others. The Fl. 

cul.tures ot a th1rd croaa were v1rul.ellt OD some seedl.iDgs 1 but resembl.ed 

the maternal. parent on ethers. The by'brids of the l.ast two crosses did 

DOt behave l.1ke either parent Dor l.1ke intermed1ates between the parents. 
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A progeqy comprising qybrids of o~ three crosses 1s not large 

enough to determine t~ther avirulence of race 1 or virulence ot race 3 

ls dom1.nmxto SiDca the Sl progeJ\V of both races sagregated, however, 

the genas governing pathogenicity of the two races on CM90RR cannot ha 

a.llelico If they 't-wre alleles D the race with the recessive charaeter 

should not bave segregated in the ~ progez:w GO 

Hœrever 0 soma clue in this problem can ha obta1nad if' we consider 

the behaviour of host variety CM9ORRo 'l'his var1ety appears to be homo-

~goua resistant ta race 1. It ~ be considered heterozygous for 

susceptibility to race :3 because occasional seedlings are rasistant to 

race 30 New the fact .that seedllngs susceptible to race 3 are resistam. 

to race l, and that seedl.1ngs resistam. to race 3 are a180 resistant to 

race 1 suggests that susceptib1l1ty of this var1ety to race :3 ~ be 
h18.i.., 

governed by tvo gaœs, one H epistatic to the Clther. For example, if 

the genotype ot the parent. plant trom which the var1ety ·originated waa 

~ah~~ with ~ conditiomng susceptibUity to race :3. ~ conditioning 

resistance to both races 1 and 3. and with ~ epistatic to 1\; then. the 

~ypes of the population of CM9œR could be ~-~~ and ahah~~' vith 

the bost parasite interaction represented as toUowss 

Host Race ]. 

Resistant. 

Resistant 

Race :3 

Susceptible 

Resistant 

.--' 
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The phenomanon of seedlings being :resistarxt to race l regaràJ.ess 

of the1r' susceptibility or resistance to race 3 can however ba œp~1ned 

in ether terms basides epiatasis. This question will be discussed 

further under host geneties. 

Assuming a gene-for-gane relationsbip between a host variety and 

a pathogen strain it may be tbat the virulence of race 3 ls domintmt; over 

the avirulence ot r&ce l and tbat the geœ. ~II conditioning virulence of 

race 3 1s epistat1c to the dominant gens Bp, conditioning aviralence to 

bath l'ace ]. and race 3. If enougb. crosses wre made between races l and 

3. w would ear:pect. two or tour ldnds F1 genot:vpes. as f'ollows: 

or 

ApapBp -(v1rulent.) Il 

~apBp -(av1rulent) 

and a a B .(avirulent). 
ppp 

~apbpbp(virul.em,) • 

and a a b b (virulent) pppp 

depend1ng upon whether the gellOtype of race :3 ia ~apBpBp or ~apBp bp ' 

and asS1lD11:ng the genot,-pe of race l to be SpapBpllp (aince racè l 13 

heterozygous) • The distrib1ztion of the crosses prOducing virulent and 

avirulent tv'brids' wcmld be e1'pected to be la1 or 5:3. dependirJg upon 

whether the genotype ot race :3 1s ~apBp~or Âp8..pBpbp• 

ln th1s cout.ext. again b;y assuming a gene-for-gene relationsh1p. 

1re may sq someth1ng about the possible genotypes of the plaDts compos1ng 

the variety CM9ŒR 1n relation to tbeit" reactions to races 1 and 3. 

Smce the varlet)" is heterozygous to race 3. if the suscept1bUity ot the 

variety to race 3 1a governed by two pœs Ah (susceptibUity) and 

~ (resistance) D and An ia ep1stat1c to Btt. then it should inèlude 

--
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genotypi~ two or ~our kinds o~ plar1t.s as followsl 

or 

dependirlg upon whether the ganotype of the original parent plaxxt. t'rom 

ilhich the variety l'mS derived tlJSS Ab2bBhBh (susceptible) or 

Ah&~~ (susceptible) 0 

Selfed derivatives possessing the genotypes. AhabBh- • Ahah~~ 

and ahah~b.b should he susceptible to race 3 and those possessiDg the 

genotype ahah~- should be resistant. Derivatives with the genotypes 

An.~~- and ah~- shOlÙd be res1staJIt "ta race 1 and those POSS6ss1ng 

the genot~s Ab,ahbhbband ahahbJ1~ should be susceptible. 

Seedlings res1stant to race 3 are ocoas1o~ encoUJIt.ered bat 

seedl1ngs susceptible to race 1 are rare~ f'ound. :rt ma.y be tbat the 

seedl.1ngs which genat1Pi~ ougbt to be susceptibie to race 1 ua the 

ones wh1eh exhib1ted difi'erellCes cr variable reaet10ns to the reciprocal 

F1l'.\Ybrids ot cross race 1 x race 3. That 1B. resistance of these seed

l:l.ngs ~ be governed b.v non-nuelear factors. 

Seedlings of CM90BR are rareq susceptible to race 1 or race 2. 

On tvo or three occasions a considerable nwnber ot seecl.lings gave 

susceptible or near susceptible react10ns to races 1 and :2 in routine 

mss inoculations. The ruat collected :trom these plants gave appropriate 

reactions in subsequent tests. :rt lIIIl7 be tbat the resistance ot these 

plants vas conferred b.r non-chromosomal faetors and tbat under certain 

eDVironmental conditions this resistance broke down, leaving the seedlings 

vulnerable to the attack of races 1 and 2. 

-
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There 1s a weakness in the h3'Pothes1s tbat the susceptibUity 

to race :3 ma.y be governed by two non-allel.ic ganes. one of which 1s 

epistatic to the ether. Under this bypathesis the reslstance ot the 

seedl.ings eondit10ned b.1 the ~ostat1e dominant gene should be 

heritable. No selting stwH.es üw-ere E!!.Ilde on CM9ORRo As descr1bed later 

in the section on boat geœt1cs s studias mm9 conducted with selfed 

progel'\V of the diff'ererrliia1 line MOl'den 69. carrying the sllm9 resistanœ 

factor as that of ~ {Dr. EoDo Putt, pereona1 coIlIll'lUllication)o No 

conclusive evidence was obtained' whether the resistance ot seedllngs to 

race 3 1a her1table or 1s an artefact of env1rorrment. 

studies on the pathogenicity o~ F1 progenies ot crosses between 

races l and 2 suggested tbat thesa races bad the same genotype as dater

m:1ned on CM9ORR. The results ot etudies on host genet1es. reported in 

a later section, show that the resistance ot the bost l.1ne Morden 69 to 

races 1 and 2 1s 1nherited as a unit except :ln one 82 l1ne. The genette 

relationsb:1p batween raees 2 and 3 should therefore œ smilar to the 

relationship between races 1 and 3. 

The data avaUable for sueh a comparison are llmited; oDq three 

successful reeiprocal crosses vere made between races l and 3. and seven 

between races 2 and 3. The reaction patterns of F1 progen1es of race l 

x race 3 were observed also in the l'lof race 2 x race 30 Probabq 

because there were more Fl progenies o~ the oross between races 2 and 3. 

an additional reaction pattern vas observed in this crossa the cultures 

wera v1ruleDt. on some seedl.ings. a.v1ruleDt on some. and gave rec1procal 

react10ns on otbers (Table 5). 

. -:;w;r-' 

· ....... -'-II 
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The relat10nships of race If. with the other tbree races arenot 

The pathogenicity of race 4 on CM9QRR 1s variab1e. In reclproca~ 

crosses between races 1. and 4, the b;.vbrids in two crosses wr~re av1rulent 

l1ke race 1; the b.Ybrids in two other crossas, unl.1ke elther parent, 

~'"Gre virulent on some plants and av1rulent on some other plants. or 

variable 0 The qbr1ds in one of tha l.a.st named crosses exbibited 

:reciprocaJ. dUteranees on a fGN plants. In crosses batween races 2 and 

4 the q'brids in one cross ware v1rulent i:1ke race 4. in one cross 

avUulent. l.1ke race 2. and iD two ather crosses, unlike either parent, 

virIllent on seme seedl1ngs and arirulent. on ethers, or variable. In 

crosses between races :3 and 4, lV'brids of tvo crosses vere virulent l:1ke 

the parent races b\It in two ether crosses. unl.ike e1tber parent, the 

qbrids were eitber variable, or v1ruleœ on soma seedllngs and avirulent 

on others (Table 5). 

Thè hybrida ot most reciprocal crosses between ruat races behaved 

l1ke the materna1 parent on variet,. Morden 29. In a few crosses the 

pathogenic1ty of the lwbr1ds resembl.ed one or other ot the parents. 

Farthermore. the parent races have also shown segregation in the1r 

respective 51 progenies. More or less sim' J ar results were obta1ned by 

Green (l96Sb) on var1ety Sevnothree in crosses between some oat stem mat 

races.· Green tound that in crosses batween oat stem nst races the F l 

b;1brids resembled the materna1 races except. vith those 1nvo1v1ng racës 

6A. and 13A vith other races. In crQsses between race 6A or race 13A 

w1th "ether races", the F1 qbi-ids from the "ether races" side reseJÏlbled 

materDal parents •. whUe those trom race 6A or race lJA aide segregated. 

.-1 
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In crosses 'OOtween races 6A and 13A segregation ws obte.1ned !rom bath 

sides ot the crOsssse Bath the se races also shOt:red segregation in 

their respective ~ progen1.eso 

Cyt;oplasmic 1nheritance bas been repol"ted in soma races of' both 

wheat and oat stem nsts (Johnson and Nemon, 19468 Jobnsono l~; 

Green, 1965a, 1965b)o The1r studiGS ~rere facUitated·by the use of ure

diospora colour as markers 1) and also b.r patbogenicity on e relativeq 

large number of' difterem.isl varieties. Untort\U'l8teq. no morphologiesl 

characters. such as difterenees in urediospore colour, were available 

for use as markers in the studies on suntlower nst. and o~ two 

dif'ferem.1al host varieties were available during most of tbis work. 

In the laat faw months of th1s investigation. two additional host 

l1nes baéame available. A f'n v1able seeds of' derivatives !rom crosses 

w1th wUd annual suntlowers collected in Chicago, prorided bJ' Dr. Patt, 

ware 60W in the field at Macdonald Collage in 1964. Selections 

M62-2672-2-rl and M62-268S-lr-I proved useflll in distirlgu.1sbillg Fl lu'br14 

progen1es of' crosses betueen races whieh on the standard ditfereDt:1als 

bad been desorlbed as "selfs" or contamination respectiveJ;r. 

The nature of' 1nheritance of pathogenicity 1n net can onq be 

d&term:1n8d !rom the bebavlour of the rust on its hosto VariabUity ot 

rust reactlon ~ be attributable to genet1e malta up ot the rust, or of 

the hast. Genettes of the sunflower host will be discussed in a later 

se.ctlon. A briet discussion of possible sources ot variabUity in the 

host ls necessary hare, however. to explain the behavlour ot the rust. 

Ruet res1stance in Canadian suntlower varlet1es ws derlved trom 

natural crosses batween cultlvated Hel:1a11thus annuus and w1ld annual 
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sunflowars oecurring Mar Renner, Texas (Putt and Sackston, 1957J Patt, 

1964) 0 The res1stanee factors in' Morden 69 (and CM9ORR) and Morden 29 

were' reporled to be singl.e. dominant, non-allSllc factors. dasignated 

R1 and R2 respective:q (Putt and Sackston, 1963) 0 

Seedlings of the differemia1 varieties ' show great variabUity 

in vigor, grm7th habit 8 size and shape of leaves and seeds, and the 

occm.rrenœ of various leaf abnorma.l.ities as 'tieU as variabUity in 

reaction to var10us ruat races. This variabUity la unpredictable and 

appears to be influenced by emr1rollll1eIltal changes whieh are difficul.t to 

oonl;ro1 in the greenhouse. 

The difterentis1 var1etles originated !rom sel.ections made in 

19.52 to 19.54 (Putt and Saokston, 19.57). and bave been sel.fed repeate<:lq 

sinee theno The morpho1ogy and growth habit of these Unes should be 

unitorm after repeated sel.f1ng 1t these obaracters vere governed by 

simpl.e MeDde1ian factors. 

The variab1l:1.ty obsarvad in sel.fad progenies of the sunf'lower 

difterentia1 varieties m1gbt be splained OD the basis of chromosomal. 

factors. non-ehromosonal. factors, or the interaction of bat;h. Deter

mination of the factors respons1bl.a would require extensive, 1ntricate. 

and long-continu.1ng genetie etudies wU bey-ond the limita of this 

investigation. M\v work was intended to he a stu~ ot the geneties of the 

nst pathogen, using available host materials which were thought to have 

wall defined geœtie patterns. Marw of the irregularlt1es arose late in 

the work, when t1me did not. permit start1ng again to try to breed 

difterentials with elearq determ1ned genotypes. 

-
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Ptltt and Reiser (1966) found, in studies on male sterility in a 

nwnber of sunfiower l1nes. thà.t maiosis ws.s apparentq normal. in an 
cases. including the linas related to the difterentials used in nu work. 

If their results can be extrapola.ted, then perhaps cbromosoœ1. 

aberrations or abnormal chromosomal bahaviOllt' may net ba responsible for 

the variable behaviour of the d.ifierentials. 

According to Caspari (1911-8) reciproca1 differences are observed 

especiaJ.q in specias crosses. They have also been found. in crosses 

between inbred strains, and between local. or geograph1c biotypes or 

varietles ot the same specieso The h1gher trequency of reelproca1 

d1:.f:ferences in specias lJ.ybrids 1s attributed to greater sensltivity ot 

the btbrld genome. Cytoplasmic inherltanca in crossas between species 

and varietlas has been stud1ed intensiveq in EpUobium, the willow 

herb (aban, 1964, J1nks, 1964, Wi111ams, 1964; Whitehouse, 1965). 

Various workers bave reported that charaC'ters controlled b.v 

. cytopla~c factors or b.v the interaction ot nuclear and cytoplasmic 

factors. such as pigmentation in Habrobracon, and male ster1l1ty and 

ether cbaracters in corn, sUgar beet, and EpUoblum, are partlcular~ 

sensitive to enviroll1OOntal influence (caspari, 1948; Hogaboam, 1957; 

Bhan. 1964; WUlla1l1B. 1964; Duvick, 19(5). The posslbU1ty tbat cyto

plasm1.e factors, or a comb1nation of lD1elear and cytoplasmie factors, 

are responsible for the var1abUity of the suhtlower rust dittereDt1al.s. 

1IlIlst not he exë1uded. The tact that rust reslst.ancs rasul.ted trom 

relativeq "wide" crossès betwe~ cul.tlvatad and wUd spec1es of 

Hel1ant.hus tBay 1Derease the probabUlty ot non-chromosomal 1nheritance 

ot var10us Characters • 
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If non-nuclear factors are invol.ved :in 1nb.eritance of rust 

resistanœ and œœr characters in SlUlflouers t then on the basis of 

complemerJtary genatic mechanisms postulated for host plants and their 

obligate parasites. non-nucl.ear factors IœW al.so be involved in tbe 

inheritance of rust pathogenicityo The suggestion tbat non-nuclear 

factors .are responsible for the reciprocal differences and 1rregular 

patterns of babaviour of selfed and. 1\vbrid rust progenies m.ay therafore 

be supporled by' evidence aven though not axperimentalq documented. for 

non-nuclear inher1tance in the host and ma.y strengthen the argument for 

tUs expl.anat1on of host geMtics. 

.. _ ... ~--._ .. -
i 
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PARr II 

GENETICS OF RUST RESISTANCE IN SUNJ.i'LOWERS 

Ruet resistance in the two difterential varietles. Morden 690 a 

selection of resistance source 2211 and l>1ordan 29 D a seJ.ection of 

resistance source 88, bas œsn reporled to be controlled by too 

dominant non-allelic genes. Rl and R2 respectiveq (Putt and 

Sackstono 1963). However. et the atart of the present. studa" on the 

geneties of pathogenicity in net raees it was found that the 

ditterential varleties are heterozygous tor ruat reaationo Sun

f'lower varieties supposed13 possessing one of Putt and Sackston' s 

genes for reslstanca. either Rl or R2' exhiblted an ~ ot 

reaction types suggest1ng that more than one gene \laS probabq 

:1Dvolved. 

This· stucly was proposed to 1nvest.igate the mode ot 1nheritance 

:in the eelf'-derivativee ot sources 22 and 88 in the ballet that the 

picture was actua~ more complu: than putt and Saekston reported it 

to 00. 

'Ir •. 
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REVIEW OF LlTERATtIBE 

The rediscovery of Mendel' s laws ot inheritance 1n 1900 providad 

the toundation necessary for an~sWg the. d1fferences 1n disease 

reactions bett.zeen va.rieties ot crop plants. BUfen in 1905 ws the tiret 

to apply Mendel 0 s lavs to the inbaritance of disease resiataneo 

(B1f'feno 19050 1912). He reported that resistanee to yellO'E1' rust 

(Puec1n1.8. glumarwn) liaS governed by a single recessive gene in crosses 

bat'flreem certain susceptible var1eties and the resistaut variety Rivet. 

Similar investigations conduc:ted by .Armstrong (1922) cont1rmed 

BUlen' s work. Armstrong conc1uded tbat susceptibUity and iJmmm1ty 

behave as unit characters, depending pr1mar~ upon definite factors 

which are. inherlted according t.e the Mandelian laws of 1nheritance. 

Follow1rJg BUten, numerous etudies have been made on illheritance 

of resistance to disease. With respect to the deve10pmeJIt of ruet 

res1stant va,r1eties of crop plants, considerable progress has been made 

in recent. years and much information bas accnmmlated regarding t.he 

nature ot 1nherit811ce oi' rust reaction. 

stud1es on rust reaistance in SUllflowers 

The hiatory of sunflower and suntlower net, and the hiatorica1 

deve10pmeDt ot nat resistallt var1et1es ot sunf'lowers have been rev1ewed 

by' Putt and Sackaton (1957), Putt (196:3. 1964) and Sackston (1962. 1964). 

The cultivated SlU'lf'lower 18 a d1p1oid spec1es. Its wUd 

ancestors or1g1nated in aouth central North America. but its developmeDt 

as an economic crop occurred in lbassia and eastern Europe (Putt and. 

Sackston 1957). SUntlower rust. an eu.utoecious species, Ra f'irst. 

described in 1822 floom spec1mens colleet.ed trom southeastern United 

states. Ruet bas baen a major l1miting factor in sunflower production 

throughout the suntlower grow1ng areas ot the world (Putt and Saoksto~ 1957). 

-
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The first source of resistance to suntlower mat in Canada was 

discovered in 1949 from a single p1arJt. of the progel\V' of a natural cross, 

Sunrise x WUd Annuel from Texas. This source of resistance "WaS termed 

source 88. The second SOl2l'CG of resi8tance, designated source 22. wa,s 

diecovered in 1950 and it also 'tma obt.ainad from Texas 'V1Ud Annuel trom 

a siDgle plant in the proge:qy of the naturel cross, cal1i'ornia Oilseed x 

WUd Annua.l. SOll1"c'e 22 la the min source of resistance in the 

Canadian breed1ng programme and it ls wo being used in breeding tor 

resistance in Peru and Argent1na (Putt Il 1963. 1964) 0 Several other 

reslstance sources bave been reported ainee, (Putt. 1963. 19648 

Sackston, 1962. 1964; sackston and Jabbar Miah. 1963). In ArgeDtina. 

hybrids ot the eultlvated suntlower ldtb tbe amntal w1ld torms 

Heliantblls eucumeritol1us and!!~ argopbYllus and in Russia, the w1ld 

sunflower from Texas and the hybrids ot the cultlvated forms with the 

perem:dal specles desigl'lated as!!. divarlcatus. !!. seaberrinus, 

!!. atrumosus and!!. tuberosus have prov1ded usef\ü reslstance 1n breed1ng 

programmes (Mts 1963). 

Pb.Yslologic specializatlon in sunflower rust vas nrst 1nvestigated 

b.1 Baney (1923) and by Brown (19:36). Saekston (1962) descrlbed 4 

pb;vslologic race groups ot net trom the specimens collected from varlous 

parts of the wor1d on cultivated li. ammus. The four plv's101ogic races 

1dent1f1ed vere based on three sources ot res1stance as sœmarbed below, 

Ditferentials PbYsloloilc races 
i 2 3 4 

Universal suscept (S37-388) S S S S 

Source 88 R S R S 

Source 22 ft ft S S 

Source 41 R R R S 

R. reslstant; S, susceptible 

- ~' 
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Putt and Rojas (1955) stud1ed the 1nheritance of res1stance of 

source 22 :ln the field. In· crosses witb susceptible var1eties as 

female and source 22 as male 0 Putt and Rojas reported that the 

reslsta.nce of source 22 in the field ls controlled b.Y a single 

dom1nant gaDeo P1rt.t and 8aekston (1963) 1nvestigated the mode of 

inher1tance of l"ssistance of source 22 and source 88 and reporl.ed that 

rasistanca in each of tlwsa t'W\) sources 1s governed by a single 

dominal'Jt. non-allelie ge:œ. desigœted as Rl and RZ respect1ve~ 0 

1 
1 
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The sunf'lower l.ines Btudied vere Mortien 69, carrying resistanee 

factor RJ., and Marden 29. carry1ng reaiatance factor ~ (Putt and 

sackston. 1963). The :inheritance of resistance ws studied systematical:JJr 

o~ :ln salf'ed progenies of Morden 69. Some llœs of 1·7orden 29 œre 

:lncreased b.v se1:ring for up to three generat1onso The i.Ilœritanca of 

resistance in thase lines, ws interred from the resulta ot various 

inoCtllation exper1mem.so An. inoculations were made with the four. races 

of rust described earlier. 

The seedl1ngs for a11 exper1ments were started in the greenhouse. 

In the ear:q part of th1s work, inoculated plants were kept in the green

house. In later experimellts they ore tranaferred to growt.h cab1nets 

after inoculation. 

Seec1s ~ 12 incH.vidual. plants 01' Horden 69 selted at Winnipeg in 

1959 were used to grow difterent1al.s tor nur net stud1es. One lot ot 

seed 8S used up in routine rust idemti'icatiollS. Seedl1ngs ot the 

rema1n1ng ll. l1nes wera inocul.ated with .tour net races by the multiple 

method. Alter the rust; reaation was recorded, (Table 10) the rusted 

leaves vere remaved and the seedllllgs were labelled and transplallted to 

the field. To prevem:. the spread ot rust the plants in the field were 

sprayed per1.od1ca.l.q with a suspension ot the tungie1de parzatJl in 

water (1.5 : 1000). 

To prevem:. cross polllnation the fl0W\9r1.ng heads were covered vith 

bags just prior to the open1ng of the flowers. In 1962 paper bags were 

!I Z1nc etlV'lene bisd1tb1ocar~~te 
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TABtE 10. SEEDLING REACTIONS TO RACES 1. AND 2 OF 51 PROGENmS 

ObServed 
Dl!RIVED FROM MœDEN 62 

Environœnt Eij)ëcted 
. L1ne and mœber Ratio N\1Dlbsr 

X
2 

number date teGted rJ/ J:I 
p 

R s 

M69-WS9-7 GR.!.! l 32 
30 Hay' 1.962 

M69-WS9-8 aH. 31 7 3 s 1 28.50 9.50 0.877 0.30 - 0.50 

30 Ma,y 1962 13 s 3 30.87 7013 0.003 0.90 - 0.95 

GR, 92 'Zl 3 : 1 89.2.5 29.7.5 0.'39 0.50 .. 0.70 1 

f 
. 2 June 1963 

---" 13 s 3 96.68 22.32 10198 0.20 - 0.30 

Total l23 34 3 s 1 U7.7S 39.25 0.9,36 0.30 - O.so 

13 s :3 12:/.,6 29.44 0.896 0.30 .. 0 • .50 

M69-W59-9 cm, 36 6 , s 1 31.50 10.50 2.572 0.10 ... 0.20 

2 Junj 1963 13 1 3 34.12 70 88 0 • .554 0.30 .. 0.'0 , H69-W.59-10 cm, 2!1 8 :3 a 1 26.25 8.75 0.085 0.70 - 0.80 

:30 MÇ' 1.96:3 13 s :3 28.44- 6 • .56 0.389 0 • .50 - 0.70 
GR. 121 33 3 s 1 ll5 • .50 38.50 1.060 0.'0 - 0 • .50 

1 June 1963 - 13 l , 12.5.11 28.89 0.718 0.30 - 0.50 

Total 148 41 3 : 1 141.75 47.25 lol<YJ 0.20 .. 0.'0 

13 1 , 153.57 '5.4, 1.018 0.20 .. 0.30 

1 
\_".-'-. -,- .~.~'.':-,,_ ... __ ,.:._.-__ c ... ____ ._ ... ___ ...: ... ___ .. _" .. _ .. __ ...... ___ ... _, ... -'" " ..... ,_ .. .-__ ..... " ... ' ...... - ""--'."---- ./1 ..•.. 
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TABLE 10 - coDtinued 

EiiVii'ODlD9îit Ô68ewed &pëotea 
L1.ne and numbsr Ratio Number 

X2 
11lllIber date tested P 

R S R s 

M69-v159-U OH, 29 0 
:30 May 1.962 

GR, 21 0 
2tI- JUD8 1963 

Total. 50 0 

H69-W,59-15 OH, u 4 311 11.2.5 3.75 0.023 0.80 - 0.90 ~ 
:30 May' 1962 13 1 :3 12.19 2.81. 0.6:32 0.:30 - 0.,50 

GO ,Y 24 7 :3 1 1 23.25 7.75 0.097 0870 - 0.80 

7 June 1964- ~ 1 ~ ~.19 a·81 0.'00 0.50 - 0.70 

Total 35 11. , 1 1. 34.50 ll.50 0.030 0.80 - 0.90 

13 : :3 37.:37 8.6:; O.SOl 0.:;0 .... 0 • .50 

t 1I~9-W59-38 GR, 19 1.0 3 1 l 21.75 7.25 1.388 00 20 - 0.30 

30 Mtq 1962 13 1 3 2'.3 • .56 .5044 40705 0.02 - OItOS 

OH, 38 1.5 :3 1 1. 39.75 13.25 00:308 OoSO - 0.70 

1 June 1963 ~ 1 ~ 43.06 902:! 3.171 0.05 - 0.10 

Total. 57 23 :3 1 1. 61.50 20.50 1.0:317 0020 - 0.30 

13 1 3 66.62 15 .. 38 7.406 <0.01 

)L 
~. ~~~~~-~ --_\ 
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TABLE 10 - cont1nued 

Enrironment ObSarved ------- ~-Expected 

Lw and rmmber Number 
X

2 
mmbsr date tested Ratio R S P 

R s 

M69-W59-40 GR, 30 May 1962 34 0 

GR, 24 June 1963 11 ' 0 

T~a1 45 0 

M69-WS9-52 Cm, 34 :3 311 ?:le 75 9.25 5.630 0.01 - 0.02 

30 Mq 1962 13 z 3 30. OiS 6.94 2e7S3 OoOS - 0.10 .!J 
~ 

GR, 9 3 :3'1 1 9.00 3.00 00000 1000' 

24 June 1961 13 1 ~ 9072 24125 0.308 0.50 .. 0.70 

Tot&l. ~j 6 , 1 1 360 75 12.25 4.257 0.02 .. 0.05 

13 t 3 39081. 9 .. 19 10363- 0.20 - 0.30 

M69-WS9-.54 GR, 23 2 3 i 1 18.7.5 6.2.5 3.8.53 0.02 - O.Os 

f 30 May 1962 13 1 :3 20.31 4.69 10899 0.10 - 0.20 

GR, 24 7 311 2:302.5 7.75 0.168 0.50 - 0.70 

24 June 1963 13 1 3 25.19 5.81 00207 0050 - 0.70 

00, 58 10 , 1 l .51000 17000 '0781 0 .. 05 .. 0010 

7'June 1964 13 : :3 .55.25 12.75 0.856 0.'0 - 0.50 

Tota1 105 19 , t 1 9.3.00 31000 60193 0.01 - 0.02 

13 1 3 100.7.5 23.25 0.956 0.30 .. 0050 

L ,_\ 
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TABLE 10 - continued 

EnrlforiBent Observed 
Lins - and :DUIlber 

nwnber date tested 
R S 

M69-WS9-77 GR, 19 5 

'0 May 1962 

GR, 19 6 

24 June 196' 

00, 47 14 

4 June 1964 

Total 85 25 

t !I R, res1stant. S, susceptible 

~I OH, greenhouse. Ge, growth cabinet 

t 

Ratio 

, 1 1 

13 l , 

, 1 1 

13 1 , 

) t 1 

13 1 , 

311 

13 : , 

~, 

Eij)ëcted 

R 

18000 

19.50 

18.7.5 

20.'1 

45.75 

49.50 

82.50 

89.'7 

•• ____ ._~_~ __ '. "K __ ~ • .: ___ .: __ :. ____ ._. ____ .. ____ ••• ____ '_:.-:-•• ~. ______ _ 

Number 

s 

6.00 

4050 

6025 

4069 

1502.5 

Uo50 

27050 

20.6, 

2 
X 

0022.3 

0.CIl9 

000)1 

1.)10 

0.136 

0.669 

0.303 

J.oJl.l.O 

(~ 

P 

0.50 - 00 70 

0.70 ... 0.80 

0.80 - 0.90 

0020 - 0.30 
1 

0.70 .. 0.80 -.:J r 
0.30 - 0.50 

0.50 - 0.70 

0.20 - 0.'0 

-------- ~ 
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used. bŒt in 1963 and 1964. cotton bags ot the kind descr1bed by Putt (19.54) 

œre used,. 

The heads e after ripemng. ware eut 0 wrapped individual.q in separate 

places ot muslin cloth. and dried. After drying they were threshed 

ind1vidus.J.:4r and tbe Beeds were c1eaned \1ith a sœll grain cleanero 

The seed-set was very satistactory in 1962. bat was poor in 196) and 

not very satisfactory in 1964. In 196:; the plants \l'are sprayed prior to 

transplanting with ~cke1 chloride m1xed with the fUnglcide Parzate in an 

effort to eradieate 1ncipiem't rc.st 1nf'ections. Presumab~ as a resuJ.t of 

this spray, the apical leaves vere almost ld.lled and the plants œre stum.ed. 

In 1964, the rust reaction of the seedl1ngs waa tested in the growth 

cabinets. . Flower buds appeared only 10 to lS ~s after the aeedl.i.Dgs were 

transplanted iDto the fie1d and the flowers opened mueh earller tban in, 

previ.ous years. Presumabq the l.1ght and temperatureconditions in the 

grovth cabinets induced 'the abno~ earq flowering. 

-
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EXPERIMENl'AL RESllLTS 

The work whicl1 J: Btarted in 196~ was mea.nt to ba a stu~ of the 

mheritance of pathogenie1ty in four p~sio1og1c races of· sunflcmer rust 

on the difierential varietlas Morden 69 and Mordan 29. Information on 

the genetics of resistance of these t'flO differenM.a1 vari.eties to net 

\Tc:\S publish9d by Put~ and Ssckston (1963) and Sackston (1962). 

It ls a prerequisite for studies of this nature that the 

diff'erentia1 varietias sbould ba homozygouso This was assumed to be the 

case with the above mantioned var1et1eso However, in the course of 

routine rust work bath ditferential. varieties appeared to be heterozygous. 

It was theretore necess:œy te attempt to ebtain homozygous lines. For 

this purpose, seedl.ings of the d1.t~erant.ial varieties were inoculated 

with the four physiologie races using the multiple method and tbeir rust 

reaetions were determ1ned. This work was done in the spring of 1962 

under greenhouse cond1'tions. The resistant seedl.ings were than trans-

planted to the field for seltiDg. 

The seedl.ings ot the progelW' Unes produced in 1962 were subsequent13 

tested in the spring of 1963 undar greenhouse cOl'~tions. It ws irItendad 

to keep onl;r llnas with desirable rust reactions. However. in the se tests 

some unexpected types of met reaction were observed. Morden 69 ia 

supposed to be res1stanl; to races 1 and 2 and susoeptible to raoes :3 and 

4. Some seedlings in the selfed progenies showed the expected Morden 69 

reactions (Fig. 5), soma ers susceptible to an tour·,'raees (Fig. 6) 1 

some seedl.1ngs vere tound to be resistant to an tour races; seme vere 

f'ound to be 1'eslstant to races 1. 2 and :3, and susceptible to 

race 4 (Fig. 7), soma vere resistant to races 1. 2 and 4. and susceptible 

-< , -------, ••• -' 
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Fig. 5. Leaves of Morden 69 derivative seecUing 

showing resistant reactions to rust 

races l and 2 and susceptible reactions 

to races :3 and 4. 

\ " 

-



Fig. 6. 
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Leaves of Morden 69 derivative seedling 

shoo.ng susceptible reactions to rust 

races l, 2, 3, and 4. 



-77-

Fig. 7. Leaves of Morclen 69 derivative seeclling 

shOtdng reslstant reactions ta rust 

races l, 2, and:3 and susceptible 

reaction to race 4. 
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to raee:3; and a few vere fOUlld to be susceptible to races 1, 2, and 4 

and resistant to raee 3 (Fig. 8.) From these results it was apparent 

tbat the geneties of rust resistance ws more complax tban reported by 

Putt and Sackston (1963) and Sackston (1962). 

Seed production of plants se!fed in the field in 1962, ai'ter dater

mining thair seedling rust reaction in the greenhouse ,ms sat1sfactory. 

It ms therefore possible to produee 52 llnes from the ~ plants t-mose 

seedl.ing reactions b.a.d beau dete1'm1.nad in the greenhouse •. Data obtained 

b.v test.1ng 52 progenies eou.1.d be 1ncorporated in the anaqsis of the Sl 

data by the method described by Smith (19.37) (sea also Mather, pp. 84-86, 

1957). to determ1ne 11' segregating cbaracters showd incomplete manifest

ation. 

L1m1tations of t1m and fac1lit1es made it impossible to embark on 

a large scal.e programme for studying geneties of host res1stance. It ws 

therefore œcessary to ccn:tme work on the genet1es of rust reslstance in 

Morden 69 to a l1m1ted stWV' of lts selted progeny. Wlth this objective 

seecD.ings of soma se1ected 1. fam1lies vere tested in late Mq and earq 

. June. 196:3. for reactlon to the four rust ra~s b.r the multiple method and 

they vere then transplanted to the field for selting. 

The proge1\V l1œs produeed in 1962 were tested in the wilIter of 1963-

1.964 undar greenhOUS8 conditionse The resul.ts vere found ta be 1neonsistem.. 

The seedl.1ngs of a nwnber of reslstant parents gave susceptib1.e reactions. 

S1nœ the seedUng reactlon of the parent plants vas determined in the 

greenhouse in l.ate May and June. it vas thougbt tbat the resistant reactions 

observed at that t1me m1gbt. be attribated to exeess1ve~ h1gh temperatures 

which m1gbt have interZered with normal rust development. To &void this 

difficul.ty in 1964. seedHngs boom sel.ected l1r..es started in the greanhous~ 

-- -~- --~_ .. _--~-~ 



c) 
() 

( 

C" 
... ) 

-79-

Fig. 8. Leaves of Morden 69 derivative ssedl1ng 

showiDg resistant reactions to ruet 

race :3 and. susce~1.bl.e reactions to 

ii~ , 

, 
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were 1noculated b.v the uml.tiple method in late May and June and wera then 

transf'erred to eom.roUed conditions in growth cabinets for net 

reactions to œvslop. They were than transplaItted to the field for 8elt-

ing., 

The progel\V l1nes produced in 1964 'twre tested in the mmer of 

1964-1965. The seedlings 1>16re started in the greenhouse S after 

inoculation by the multipJ.e m6thod the;, were transferred te growth 

cabinets. Due to poor sead gerrdnatlon the numœr of seadlinga tested pol' 

S2 J.ine varied from 3 to 20. A total ot 110 82 l1nes derived trom Sl 

plants res1st.ant to races 1. and 2 were tasted: 59 l1nes were un1fo~ 

rasistaœ. and 51 segregated to races 1 and 2. On the basls ot the 3 : 1 

rat~os observed in the Sl (Table 10). the ratios of resistant. to segregat-

1ng 52 progen1es shoul.d bave been 1 : 2. 

Because the progel'\V' sizes tested ot ma.t\V ot the S2 lines were too 

amaU to datect segregation aven for a single factor l\vpothesis (Hanson. 

1959). it ls Dot legit1mate to concluda tbat there vas an excess ot 

resistant linea and a det1cieDC7 ot segregating lines. 

In those exper1ments in which numerous progenies segregated. the 

ratio ot resistant to segregat1ng progen1es tended to be 1 : 2. The ratio 

of resistant to susceptible plants in the segregating progen1es tended to 

be 3 : 1. :In the otb.er exper1ments the resistant reaetiona m:1ght baw 

bean a phenotypic respouse to env1rcmment&~ conditions. as the control 

plants appeared less susceptibJ.e tban expeoted. 

S1m1lar lack of agreement bat_jn Sl and S2 data vas observed in 

late Mq and JUlls of 1963. 'l'he observed ratios in aU ~ fam1l1.es were 

in good agreement with 11.:3 z· 1 ratio (Table 10). The ratio of resistant 

- -- .. - ---_._._------- --...,.-



-81-

to susceptible plants observed among the S2 lines derived from the SI line 

M69-1'l59-,54, varied !rom:3 : 1 through 2 : l, to almost 1 : J (Table 11). 

One hundred and fony-six seedlings ot the S2 line M69-1oJ'59-11-MC62-

lJ, derived from the Sl M69~1'l59-11, 't-rere tested" The observed ratios 

showed a good fit to 15 : 1 or 61 3 3 tor race l, and J : 1 tor race 2 

(Table 12)0 The SJ lines and selected S4 linea were tested in the spring 

of 1964 and in the 'tdnter of 1964-1965 respectiveJ,yo As in the progeny 

tests of the ether SI families, the results 't'rere found to he inconsistento 

In sorne experiments the progeny lines showed normal segregation whUe in 

ethers the seedlings of aU or most lines tested appeared resistant o A 

fe't-r lines resistant to races lp 2 and J. but susceptible to 49 derived 

!'rom the SJ and S4 generations, were emp10yed as a supplemental differen

tial under the code nwnber M69-1f59-11-MC62-13-r4 to test the pathogenicity 

of the FI ~brid rust progenies (Table 7)0 

Selfed progenies of Morden 69 were inoculated 'tof.lth races J and 4 as 

weIl as races 1 and 20 They l'rere expected to he susceptible to races 3 

and 40 Sorne seedlings however gave resistant reactions. The proportion 

of such resistant seecllings in any progeqy varied trom test to test (Table 

1J) " The 82 progenies derived from resistant SI seedlings were tested in 

the lvinter of 1963-1964 in the greenhouse and in 1964-1965 in growth 

cabinets. Most of the 82 progenies tested in 1963-1964 l'lere comp1eteJ,y 

susceptible to races 3 and 40 Of the five tested in 1964-1965 D two were 

susceptible to moderate~ susceptible; and four segregated (Table 13). 

In the 82 1ine 1·!69-1'l59-11-MC62-13 t the observed ratio showed a fair 

approximation to 3 : 1 for race 3 and 7 : 9 or 1 : 1 to race 4 (Table 12). 



TABLE 11 SEEDLING REAarIONS TO RACES 1" AND 2 OF 52 PROOENIES 

DERIVED FROM M69-'t'T59-11 AND M69-1'1.59-.54 

Erwironment ObserVed-- - EXpected 
L1ne and number Number 

nwnber date tested 
~I sll Ratio 

R 5 

.22 1ines of M69-1'122::11s 

M69-1V'.59-11- GH,Ë:I 
MC62-1 11 May 196:l 18 0 

-2 n 12 3 3 s 1 11025 3.75 

13 : 3 12019 20 81 
OH, 
2 June 1963 70 23 3 : 1 70000 23000 
Tota1 82 26 3 : 1 81.00 27000 

13 : J 8707.5 20.25 

.6 GH, 
11 Mq 1963 11 0 

GR, 
2 June 1963 .. J1 1 

Total 48 1 

-7 GR, 
11 May 1963 14 0 

-9 Il 13 0 

-10 Il 16 0 

-12 .. II 0 

.• 13 see Table 12. 

2 
X 

00 200 

00016 

00000 
00049 

20010 

p 

0050 - 0070 

0080 co 0.90 1 
CP 
N 

1000 
1 

0080 .,. 0090 

0010 - 0020 



TABLE li - continued 

Environment Observed EXPêcte-d 
Line and number 

X2 
number date tested Ratio Nwubar 1 P 

R S R S 

S2 lines of M69-~S9-.54: 

M69-~'159-.54- GH p 

MC62-125 li May 1963 17 1 

OH, 30 19 3 : 1 36075 1202.5 409.59 00021 - 0 .. 0.5 
5 June 1963 

2 : 1 320 67 16033 00655 00301 - 0050 
1 

9 : 7 27056 21 .. 44 00 494 0030 - 00 50 
& 
1 

Total 47 20 3 : 1 .50025 160 75 00841 0030 - 00.50 

-141 cm. 12 24 1 : 2 12.00 240 00 0 0 000 .00 

5 June 1963 1 z 3 9 .. 00 27000 lo3J3 0020 ... 0030 

-142 GH II 12 5 3 : 1 12 .. 7.5 402.5 00176 0050 - 0070 

8 June 1963 13 : 3 130 81 3019 10264 00201- 0030 

-143 if 7 0 

-144 " 9 7 

~1 R. res1stam a s, susceptible 

:!;/ GH, graenhouse 



TABLE 12 SEEDLING REACl'IONS TO RACES l, 2, 30 AND 4 OF 

DERIVED FROM M69",i'l,59 ... 11-1-iC62",1~1 
Observed Expected 
number 2 

Race Ili ?I Ratio Number X 
R S 

Race 1 1)8 8 1,5 : 1 136.87 9.13 00 149 

61 : 3 139016 6.84 001,50 

Race 2 10,5 41 3 : 1 1090,50 360,50 00740 

13 : 3 ll8.62 27.38 80339 

Race 3 108 38 3 : 1 109050 36.5 00185 

13 : 3 118062 270)8 50070 

Race 4 72 74 7 : 9 63e87 82013 10 840 

l : l 73.00 73.00 , .026 

~I Tested in late May 1963 under greenhouse conditions 

~I R, resistam.; S, susceptible 

~ PROGENIES 

P 

00 ,50 .. 00 70 

0 .. 50 - 0 •. 70 

00 30 '" 0050 

< 0001 1 

0.50 ~ 0070 f 
0002 '" 000,5 

0.10 ~ 0 .. 20 

0 0 80 '" 0090 
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TABLE 13 SEE:DLING REAGrIONS TO RACES 3, AND 4 OF 

SI AND S2 PROOENIES DERIVED FROM MœDEN 69 

Observed numbër 
Emrix'onment and Race 3 Race 4 

Line number date tested 
R~I ~I R s 

S] Iinas: 

M69-v159- 7 GH,~I 30 May 1962 0 33 0 33 

- 8 GR. 30 May 1962 0 38 0 38 

GR. 2 June 1263 0 li6 1~ 106 

Total 0 154 13 144 

- 9 GR, 2 June 1963 0 36 1 35 

-10 GH t 30 Ma\v 1962 0 35 0 35 

GH! l June 1262 1 15â 6 147 

Total 1 188 6 182 

-li GR t 30 May 1962 0 22 0 22 

GR! 24 June 1963 4 17 4 17 

Total 2 31 4 29 

-15 aB. 30 May 1962 2 13 2 13 

Ge ,'!:./ 7 June 1964 2 22 2 29 

Total 4 41 4 41 

-38 GH, 30 May 1962 l 28 4 25 

GH, 1 June 196~ 2 21 18 32 

Total 3 79 22 60 

-40 GH p 30 May 1962 1 33 3 31 

GH t 24 Jun2 126~ 0 11 2 9 

Total 1 44 5 40 

-52 GH t 30 May 1962 0 37 0 37 

GH D 24 June 1262 0 12 0 .12 

Total 0 49 0 49 
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TA .... !":;: 1.3 - ccntinued 

Observed numbar 
EmfI-.rol'l.ment and Race 3 Race 4 

ï!i~ !".:u:::.t.er date tested 
R 5 R 5 

5 1iœc: œ 

-J: -. 

N69-~";5g.. 54 œI, 30 Hay 1962 1 24 1 24 

~ -, 24 June 1963 .5 26 8 23 

c.e, 7 Jum 1964 2 66 33 35 

Tetal. 8 116 42 82 

-77 GE, 30 lF~y 1962 1 23 2 22 

GE, 24 June 1963 2 23 7 18 

Ge t 4 June 1964 :3 ,58 4 57 

?' 

S2 li"1'es:~.1 
Total 6 104 13 97 

M69-~<i.59-l..5-y~é4-4 Ge. J.9 Feb 196'$ 0 13 0 lJ 

M69-"il.59-.54-~c64-12 Ge, 2,5 Feb 196$"" 0 9 0 9 

-4l. c-c • .5 I{ar 196'S 2 9 4 7 

H69-T";59-7?-1~64-59 Ge, 6 J!.ar 196!7 2 10 11 l 

-64- n fi 2 9 7 4 

-67 n n 3 9 8 4 

1:/ R, :resistant; s, Silsceptible 

~/ CE, greenhcuse; Ge, growth cabinet 

îl Frcgezw irc!:! 51 plants resistant to ra.ces 3 and 4 
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The selfed derivatives of Morden 29 t~re also tested for reaction 

to four races, specifical~ to select lines tdth desirable rust reactions 

for use as differentialso They were genera~ resistant to races land 

:3, but their reaetions to races 2 and 4 were very variable o In seme tests 

the seedlings of a given proge~ line gave the normal susceptible 

reactions o In ether tests their reactions varied t'rom moderatel,y suscept

ible to moderately resistant o Some of these lines 'tre:re employed in testing 

the pathogenicity of Fl hybrid rusts (Table 6) 0 

The results of experiments with the various progeny lines derived 

from Morden 69 'trere studied in the spring of 19650 The seedling rust 

reactions of lines varied t'rom test to test even in controlled environm.ent 

cabinetsQ Because it appeared difficult or impossible to obtain useful 

information about the genettes of rust resistance of our differential 

varieties by this type of testing, the work ws discontinuedo 
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DISCUSSION 

Rust reactions in selfed progenies of Morden 69, and also of the 

l.ess intensively stu<fted variety Morden 29, varied !rom experiment to 

ex:periment o As some experiments aere conducted in mid-winter and some 

in spring, sorne under greenhouse conditions and some in control1ed 

environment cabinets t the inconsistencies in results were atrlbuted to 

variations in environmental conditions !rom experiment to experiment, or 

pcssibly to sorne unideIItified seasonal factor. 

Temperature sensltivity ls well dDcœuented in the cereal rusts. 

Some varieties of t'1heat are resistant to specifie races of stem rust at 

° relatively lot~ temperatures, 20 C or lower. but susceptible at high 

temperatures, about 300 C (Mohamed, 1960) 0 It has also œen found that 

a temperature sensitive varlet y grO'tm at high temperature prior to 

inoculation ~ be susceptible even though maintained after inoculation 

at a lower temperature, at which it would normall,y give a resistant 

reaction (Mohamed, 1960) 0 

The effect of var,ying light and temperature regimes on the 

reaction of sunflowers to rust was investigated at Macdonald College by 

LiangD(1966~ She observed very little effect on reaction type of the 

universal suscept, S37-388 0 and of CM90RR (resistant to races 1 and 2, 

susceptible to races 3 and 4) maintained at 15°, 20°, 25°, and 29°C 

after inoculation with races land 3. She also found very 11ttle effect 

of light intenslties of 500, 1200, 2000, and 2800 foot candles 

respectivel,y on rust reactlon. 
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Liang' s results. and the variation in l"I1st reaot1on types trom one 

experiment to another in II\V work, aven when the pl.ants 'Were grown :in 

com.roUed environment cabinets after inoculation, indicate that some 

factor other than env1romneDtal d1:tferences after inoculation ws 

responsible for the variability in IIW' mater1al.. There is ta posslbUity 

that great variations in light irItensity t'rom t1me to t1me in the ~ 

houses t-mare the plants tiere grCMl prior ta inoculation might have 

atfected the:1r responses. This has not bean imrestigatedo 

The reported e:r.fect of h1gh temperature on the nst reaction of 

temperature sensitive wheat variet1es is to overcome the resistance 

observed st lowr temperatures (Mohamed, 1960). The dev1ation :trom 

expected behaviour in nu materia1 is the occurrence of resistant 

reactions in seedllngs l had expected to be susceptible. It 15 possible 

that short e.xposures to temperatures or light 1r.Itensities which do not 

prevent rust development on most sunf'lower seed.l.il'lgs, may bave web an 

inhibitory affect on certain host genotypes. There is no experblental 

eviàence to support this l\vpothesis. 

Putt and Sackston (1963) apparentq did not encounter as much 

variab1llty :ln reaction of the d1tfereatial varieties as l observed. 

The1r inoculations were made by the routine mathod. 50 they may have 

Înissed seme of the aberrant reaotions which could be recognized only by 

using the multiple method of inoculation. 

They did. however, report variations in segregation ratios in two 

experiments, with Cross 67 and Cross 69 (lines deriving rust resistance 

!'rom the same source as the l:1.ne l designate Horden 69). An excess of 

susceptible seedlings in Cross 69 in one test waa balailced by an ex.cess 

of reaistant individuals in another, giving totals which showed a good 

-
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fit to a 3 : 1 ratio. An exeess of susceptible seedlings of Cross 67 in 

one experiment gave totale nth a poor fit to 3 : 1. ltr re-analysis of 

2 
their data for Cross 67 gave a good fit to 2 : 1 (x = 1.:339. P = 0.20 

to 0.30). 

The ratios of seedl!ngs resistant or susceptible to races 1 and 2 

in selfed progenies of Morden 69 :bl nw experiments in moat cases showed 

good fit to both 3 : 1 and lJ : 3 p but some fitted o~ one or the ether 

ratio. The' progelV sizes were too amall to malœ a <mW.cal distinction 

batween the two ratios in the 51. The resulte in S2 progenies were too 

erratio to permit distinction between the two ratios. It is therefore 

impossible to conclude from DW data whether resist.ance to these two 

races is governed by t'W'"O non-allelic genes. one of whieh is epistatic to 

the other, or by a single dom1nan:t gene. 

Morden 69 should be Ul'liformq. susceptible. to races :3 and 4. 

Seedli.ngs resistant to races :3 am 4 were observed.in populations tested 

by the DD1ltiple method prior to transplanting end selfing in the field. 

Sel:fed progenies trom these resistant plants were susceptible when tested 

in 196.5 (Table 13). This reversion f'rom resistance to susceptibUity may 

be explained by incomplete penetrance of a gene governing susceptibUity. 

This m1ght be explained also if rust reactions were governed by an inter-

action between cbrOl!1osotnal and noncbromosomal factors. This might &lao 

explain the variability of ratios observed for reaction to races 1 and 2 

by Putt and Sackston as 'Wall as by me. 

Putt and Sackston (1963) concluded that resistance to races 1 and 

2 in llnes related to II\Y Morden 69. ws controlled b.1 a single dominant 

factor. The F2 progel\V sizea they tested wera too sma1l to discrim1l'late 

between the ratios 3 : 1 and lJ : 3. (requiring 800 to 900 seedlings pEi%!' 

.. .,.. 
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f'SID1q) D :3 : 1 and 9 li 7 (95 seedllngs)., and:3 : 1 and 1,5 Il 1 (50 seed

lings). (Mathar, 1957: Hanson, 1959). In addition, they used the X2 

test tor goodnass-of'-fit between observed and ex:pect.ed ratios. This test 

18 not appropriate when the smallest expected elasa comains less than 

five individuels. uhieh ms the case in ~ of thair F2 fmnlliesV (Smith 

1954, po 624 0 Srb et aL 1965, poS?) 0 In 1l\1 experiments (Tables 10 and 11) 
2 

the numbar of pa"Oger.w in a few tests was inad.equate for a vaUd X and 

these date. should perha.ps be ignoredo However 0 in the major:1.ty of cases 

the population size ws adequate. 

It 18 uniortunate that the dif'fieulty of obtaining good seed sets 

in erossing and sel:fing exper1mel'lts with sunf'lowers severeq reBtricted 

the rmmber of seedllngs par f'~ which they could test. ~ selfing 

stud1es were llmited Dy the same dif'fieulty. Because most ot their 

genetic studies vere secondary to the objective ot producing rust 

resistant sunflower varieties, Putt and Sackston (196') d1d not test 

enough F, progenies from susceptible F2 pl.ants to permit concluding 

whether susceptibUit.y Ws oonditioned by a single homozygous recessive 

gene, or if' it was control..l.ed by two non-aUelic ganes. one epistatic 

to the other. 

In most ot IW' studi9s l utUized CM9ORR, dariving its ruet resist

ance :trom the same source as Mordell 69. instead ot Marcien 69 because seed 

supplies were much larger. The data are net conclusive, but suggest 

that resistance in CM9ŒR to races 1. 2, and' may be cobtro11ed by one 

dominant gene. and thst suseeptibUity to race :3 1s eontrolled b.Y a 

dominant gane epistat1c to the one for resistance. 

II ~~ size was cal.culated from their Table 2 by c11.v1ding nvmber ot 
seedlings by the munber of progemes in each case. 

1 
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SelfiDg stud1.es with race :3 1nd1cated that it vas heterozygous, and 

that virulence on CM9CP..R was dominanto 

Salted progen1es of race ) segregated for virulence on seedlings ot 

CM9ŒR. Wich were un1:formly resistant to races l and 2 and susceptible 

to parent race). Simi1a.r salfing studi.es with races l and 2 indicated 

that they t..-ere both heterozygous 1) and tha.t the virulence of both on 

Cl-19ORR was recessiveo Selted progenies of races 1. and 2 segregated for 

virulence on seedlings of ~19ORR which "W'"ere unito~ resiBtaut. to parent 

races l and. 2. and susceptible to race ). 

If the gene for gene J:wpothesia holds for sunfiowers and suntlower 

mat, a dom1nant gene tor virulence in ra.ce :3 should be related to a 

dominant gane for susceptib1l1.ty in CM9QRR. S1mUar13 0 recessive ganss 

for virulence in ra.ces l and 2 should be related to a recess1ve gens for 

susceptib1l.1ty in the hosto 

Occasional seedllngs in populations of CM9ŒR vere observed to be 

resistant to race 3. as wall as to races l and 2. One explanation of 

their occurrence. which cannet be rul.ed out complete~. ia that accidental 

outcrossiDg iDtroduced resistance to race). Tbis seeme to have been the 

case in the 52 pro~""';Y of Morden 69 which gave a good fit to a 1S : l 

ratio for reaction to race l, and) : l to races 2 and :3 respectiveq 

(Table 12). The behAviour of the 51 l1.ne :trom wh1ch it cama, and of lts 

~ and 54 derlvatives, indicated tbat it al80 possessed the factor for 

resistance of Morcien 29. Another expl.anation i8 tbat the postulated 

dominant epistatic gane governing susceptibUity to race :3 vas not homo

zygous in the population. Occasional. pl.arJt.s m1ght be expected 1r3hich are 

homozygous recess1ve tor the epistatic gane. permitting expression of the 

-
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b;vpostat1c geœ co~lllng resistanca to aU three races. 

It must ba emphasized at this point that there ia no evidence in 

the publications of Putt and Sackston for the occurrence in their 

material of a single gene conditiorWlg resistance to races Iv 2, and 30 

However Il neithar do they record the occurrence of seedllngs resistant to 

race :3 in populations of MOrden 69 or CM9ORRo 

Crosses among races 1. 2. tmd:3 shot~d apparent maternal. inherit

e.nce of v1.rulence on a fet<1 seedllngs of CM9ORRo On the assumption of a 

complemantary relationsbip batween pathogen ganes and bost ganes. this 

indicates that rust reaction may be coDtroUed by an interaction ot 

cbromosomal and. extrachromosmml factors. SUch an interaction would 

provida an additioneJ. explanation for the occurrence ot occasional seed

linga vith unexpected reactions. such as Morden 69 or CM9ŒR resistant to 

Linas of Morden 29,selfed tor use as differentials,appeared homo

zygous for resistance to races l and :3. but heterozygous tor suseeptibW.ty 

to races 2 and 4. The Fl hybrids ot most reclprocal crosses betwsen mat 

races bahaved llke the materna! parent (Table 6). On the assumption or 

a compleJllElntary relationsbip between host and pathogen ganes this might 

indicate that rust reaction in the hoat is governed b.v nonchromosomal 

factors. Proof of maternal 1nheritance in the mst would requ1re repeated 

backcrossing to the male parent. This i't ne impossible tor me to do 

because of d1.ffloultles in inducing tel1ospore germination. Proot ot non

cbromosomal 1nheritance in the host would requ1re cross1ng etudies outs1de 

the possibUities of this investigation. 

· ~~ 
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Putt and Sackston (196:;) reported that rust reaction in "source 

88". the sourœ of resistance -in Morden 29 it was governed b.v a single 

dolÎlinant factor conterring resistance to races 1. and:;. SUsceptibUity 

to raees 2 and 4 "t'1aS reporled to be recessive (Mt and Saekston 196:; t 

Sackston 1962) 0 

The discrepancy between t'heir conclusions and mine might be 

explained if the reaction of this variety to races 1. and :; was governed 

by the interaction of a dominant nuclear gene and oytoplasmie factors. 

My starting material ma.y bave been heterozygous for the dom1.nant nuclear 

gene. and I may 1nadvertent~ bave sel.ected for selting plants with the 

receasive alla1e of the res1stance gens. with resistance governed on:Qr by 

cy1;oplasmic factors. 

Seed ls still ava11able of mal\V of the lines of Morden 29 produced 

by sel.ting st Macdonald Collage. If the Fl h;1brid ruat cultures whieh 

behaved like the maternal pareœ in reciproca1 crosses ~ sbould resemble 

~ one of the parents on these untested host lilles. it would indicate 

Mendelian 1.nheritance of virulence in the rust. It would theretore 

presumabq al90 indicate that rust reaction in the host is governed by 

nuc1.ear ganesa This would substantiate lltY' suggestion tbat bath 1'D1c1ear 

and cytoplasme factors govern rust. reaction in th1s varlet,.. and ~ 

explanation of the discrepancy between rrq results and those of Putt and 

Sackston. 

Boes and Putt (l962) reporled the identifieation of 9 races of rust 

based on the reactions of 'l4 sunflower lines. îheir tests were made in 

Febru.ar.y and AprU, with difterent react10ns on the two dates. The se 

workers a1so appear to bave encountered the extrema variabU1ty of nst 

-

: 
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reaction whieh bas so comp1ieated nw worke Whether their differences 

can 'he attriboIted t.o seasona1 variations in anvironment t or 8l:\V ot the 

other a:planations :r: bave proposed, bas not baen determinad.. 
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PART III 

œ:rrICAL EVALUATION OF GENErE STUDIES OF 

PATHOGENIClTY lN RUST FUNGI AND OF RESISTANCE 

IN THElR HOSTS 

INrRODUCl'ION 

Flor (1942, 1946. 1947, 1955, 1956, 1959) Il worldllg with :nax and 

flnx rust. eonducted extensive studies on the geneties of host-pathogen 

interactions and postulated a gene-tor-gane relationship in the f'lex

flax rust. system. Later Person (1959) by a theoretica1 modal showed 

that the relati9nsbip postulated by Flor should ooeur as a general rule 

in host-parasite systems. This stimulated the pursuit of similar 

studies in other host-parasite systems, and a large number of sueh 

studies have now been reported. HO',qaver, an examination of the data on 

geneties of host-parasite relationships in rust ftmgi reveals that soma 

of the stu~es. ineluding those of .Flor. are inadequate with respect to 

both the genetie tests earried out and the interpretation of the data 

preseDted. This paper presents a critical evaluation of these etudies. 

! 
: 
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GENETIC srllDms OF PATHOGENICITY IN FLAX RUST 
(ME"~50RA LINI) AND OF lŒSISTAl~ 
- IN FI.AK"]'LINmt Usli'ATISSIMUM) 

Flor' s stud1es on geneties of pathogeniclty in He1smpsora .l1n1. 

5e~ studies 

Workmg with races 1. 60 22 and 24 of !!o ~II Flor (1~2, 1946D 

1.96Oa) de'termined tbat pathogenicity "t'Jas homozygous and proceeded to 

make crosses between races and studied inheritance in the Fl and F2 

p;ogeny. Bis investigations ranged from inhar1tance of pathogenicity 

(1946. 195.5. 19.56. 19.59) and induced mutation rates (1958, 1960b) to 

somatie mutation (196Oa, 1964). The number of Sl progerw Flar used in 

these studies ls shawn below. condensed !rom bis data (F1or 1946, 196Oa) 0 

Races 

1 6 22 2Jl. 

no. no. no. no. 

1946 9 9 lS 

1960 26 4 

Total 26 9 15 

The number of progel'\V' tested by Flor is too smaU to detect 

segregation with certairrty even tor a single factor (Matber. 1957J 

Bans'on, 1959). This baing the case Flor's justification in cl.a1ming 

races ta he homozygous seems doubttul. If the 26 51 cultures :t'rom race 

l were obtained in a single experiment they would be sufficient. but 

Flor does not say if tbis 1s soo Flor obtained a total of 13 cultures 

.from race 22 in two experiments and. claimed homozygosity of the race. 

1 
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These 13 cuJ.tures are net enough to datect a single fa.ctor segregation. 

.b the cuJ.tures lIere obtained in t'Wo experiments. the gametic 

populations in each of the experiIllents were inadequate. The d1:ffererIt 

kinds of gametes in the population could be disproportionateq 

represemed becau.se of samp1ing errors. The results thus obtained 

could be spurious and could result in a misleading conclusion. 

g,ybridization studies 

Using crosses betueen races 22 x 24, 6 x 22 (Hybrid A) t and 

6 x 22 (IJybrid D) Flor (1946, 19.5.59 19.59) postulated a 3 : l segregation 

of pathogenicity on a number of dLi"f'erential varieties. l-tY recalcula-

tions of Flor' s data confirm the 3:1 ratio in some cases. In some of 

the difi'erential varieties, hm-ëlver, the data' fit a 1.3:3 ratio as well, 

or in some cases better, than a 3:1 ratio. These selected data are 

given in Tables 14, 1.5. aM.lli. 

The F 2 progeny from the cross race 22 x race 2J4. which ws tested 

on .Akmolinsk t Abyssinian and Leona showed pathogenicity to be 1nherited 

as a unit. By FlorIs ~sis (1946. 19.59) segregation in these 

varieties gave a poor fit to a 3:1 ratio. IV calculation shows a good 

fit to a 13:3 ratio (Table 14) suggesting that pathogenic1ty may he 

governed b.v two dominant non-allsli.c genes with the av1rulerIt gene 

epistatic to the virulent gane. 

On Williston Golden and Williston Brown the parent races ot the 

cross race 22 x race 24 wre virulent. In the F2 progeny, 17 ot the 

133 cultures were avirulent. The observed ratio in FlorIs analysis 

showed a poor fit to bath a 3:1 and a lS:1 ratio. My re-~sis ot 

the data shows that the observed ratio i8 in good agreement with a lJ:3 
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TABLE 14. PATHOGENIC:rn OF F2 CULTURES OF RACE 22 X RACE 24 

ON SOME FLA! DIFFERENTIAL V ARIETIES. RECALCTJLATION OF 

H.H. FLOR' S DATA (FLORo J.946) 

Variety 

WUliston Golden ) 
) 

lfilllston Brown ) 

AkmoJ.insk ) 
) 

Abyssinian ) 
) 

Leona ) 

ottawa 770B 

Bombay 

Bol.ley Golden 

ItaJ.1a Roma 

Morye 

No. of F2 
cultures TheoreticaJ. 

Viru- Av1ru- ratio x2 p 
lem lent 

116 

)2 

28 

6 

9 

J.9 

J.O 

17 il 
FD ):1 J. 10 .. 59 

Fe 15 g J. 9.69 

J.) :) JeU O.Os - 0.10 

110 F. J. 1) 4021 0.02 - 0.05 

) : 13 0019 0.50 - 0.70 

J.Ol F. J.: 3 0.06 0.70 - 0.80 

J.05 Ft J.::3 1.07 0.)0 - 0.50 

) J 13 0.46 00:30 - 0.50 

127 F. J. J lS 0.69 0.)0 - 0 • .50 

) : 6J. 0.02 0.80 - 0.90 

124 F. J.: J.S 0.06 0.70 - 0.80 

J. f :3 8 .. 14 

J. : 1.5 J.4.66 

L- O.OJ. 

L... 0.01 

) J 13 J..74 O.J.O - 0.20 

130 Ft J. s 6) 0.4J. 0.50 - 0.70 

1.23 1. : l,S 0.)65 0.50 - 0.70 

) : 6J. 2.:39 0.10 - 0.20 

1 1.6:3:30.68 <- 0.01 

li Ratios marked "F" vere calculated by Flor. AU other ratios wen 

recalculated trOÙl data in F1or' s Tablés 1 and 2. 
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TABLE lS. PATHOGENIClfi OF F2 CULTURES OF F.ACE 6 X RACE 22 

(HYBRIii A)' 'ON 
- . 

FL.AX .D:iFFmmNTIAL . 'VARIET:ŒS. sm-m: 

RECALèt1LATION OF H.B. F.LOR'S DATA . (FLŒ. 1946). 
Noo ôt F2 
cultures TheoreticaJ. 

X
2 

Varlet,. Viru- AVii'û- ratio P 
lent lent 

Pale Blue Crimped 15 59 ;JI 1::; 0088 Oe30 - 0.50 

3 :1 13 0.11 0.70 - 0.80 

Kenya 15 59 Fo 1 : :3 Oe88 0.30 - 0.50 

3 : 13 0011 0.70 - 0.80 

Abyssinian 17 57 F, 1 : :3 0.16 0.50 - 0.70 

3 :1 13 0.f1l 0.30 - 0050 

Leona 17 F. 1 : :3 0.16 0.50 - 0.70 

:3 : 13 Oof!? 0.30 - 0.50 

ottawa 770B 10 64 Fe 1 : :3 5.21 0.02 - 0.05 

3 1 13 1.33 0.20 - 0.30 

Newl.and 17 57 F. 1 : :3 0.16 0.50 - 0.70 

3 : 13 0.87 0.30 - 0.50 

Italia Roma. 18 56 F. 1 : :3 0.02 0.80 - 0.90 

3 : 13 1.51 0.20 - 0.30 

1:1 Ratios marked "Fit were calculated b.1 Flor. AU other ratios were 

reeal.culated from data in Flor's Table 4. 

1 
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TABLE 16. PATHOOENICnY OF F2 CULTURES OF RACE 6 X RACE 22 

(m13RID' D) 'ON somf' FUX D:tFFmENTm "VAlUE1'lES. 

RECALCULATION OF' HeHo FLOR'S DATA (FIJ)R, 1955). 
No. or F2 
cultures Theoratical 

Var1ety Viru- Aviru- ratio X
2 

P 
lent lent 

Ottawa 770B 

Dakota 

Ab.vssin1an t Koto, Leona) 
Ward, Wells ) 

Bowman. Cl.ay. Grant, ) 
Minnesota sel: ) 

Polk: 

Birio 

Towner 

Argentine sel.. Cortland.) 

7 

15 

14 

17 

17 

17 

16 

Lino 6899 H.A. ) lS 

60 

52 F. 1: 3 

:3 : 13 0.58 0.30 - 0.50 

53 Ft 1: 3 0.60 0.30 - 0.50 

3 : 13 0.20 O.BO - 0.70 

50 F.1s3 O.Ol 0.90 - 0.95 

3 : 13 1.92 0.10 - 0.20 

50 F. 1: 3 0.01 0.90 - 0.95 

3 1 13 1.92 0.10 - 0.20 

50 F. 1: 3 0.01 0.90 - 0.95 

3 : 13 1.92 0.10 - 0.20 

51 F. 1: 3 0.04 0.80 - 0.90 

3 : 13 1.16 0.20 - 0.30 

52 F. 1: 3 0.24 ~o50 - 0.70 

3 : 13 0.58 0.30 - 0.50 

Ratios marked "F" vere calculated by norD AU other ratios were 

recalculated trom data in Flor' 8 Table 1. 

',:1 
'1 
,] 
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ratio suggesting that pathogenicity on Willlston Golden and Williston 

Brown may be governed by two dominant genes. witb the virulence ~œ 

epistatlc to the avirulence gense 

F10r (1946. 1.955, 1959) studied the inheritance ot pathogenicity 

on ottawa 7?OB in crosses ot race 22 x race 24, race 6 x race 22 

(Hybrid A) 0 and raœ 6 x race 22 (Hybrid D)" By Flor e s analysis D the 

observed F2 rat.io in the cross race 22 x race 24 shot-rod good fit to a 

3:1 ratio but those in the ether two crosses a poor fit to the same 

ratio. In the cross race 6 x race 22 (BYbrid D) the observed ratio 

approached 1Sal.. A re-analysis of Flor's data shows that the observed 

ratios in aU tbree crosses are in good agreement witb a 13:3 ratio 

(Tables 14, ],5. 16) suggest:ing that pathogenicity :ln ottawa 770B Day be 

governed by two non-allelic dominant genes with the avirulence gene 

epiatatic to the virulence gene. 

Flor (1946, 19.59) postulated that pathogenicity on Italia Roma 

and Morye is governed by two and tbree ganes respeetive~o An exam

ination ot Flor's data reveals that bis classification of the F2 

progeny on these two variet1es was inconsistent. Flor (1942. 1946, 194'7. 

1954) in aU bis studies considered moderate~ virulent cultures as 

virulent and moderately susceptible plants as susceptible and he himself 

stated tbat na difference batween an iImmlne and a resiBtarit. or between 

a moderate~' susceptible and a susceptible bost reactlon ls considered 

insuffie1ent to dif'ferentiate races" (1946. p.34l). However. in class-

1f'y1ng the F2 progel.\V in the cross race 22 x race ?Jl. he placed the 

moderate~ virulent cultures on Italia Roma. and Morye in the avirulent 

group and those on Buda. in the v1rul.eIIt group (c~re Flor' stable 1 

and 2, 1946). The reason se9mS to be that if the moderate~ virulent 

--~------------~--------------- -----
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cultures on Italia Roma are placed in the virulent group, the observed 

ratio fits neither a 3:1 nor a 1.5:1 ratio (nw calculations show that it 
.-

fits a .lJ:3 ratio) and the situation would be like that on Wi1liston 

Golden and Williston Brown where Flor was unable to find an expected ratio. 

With Morye t if the moderately virulent cultures are placed in the virulent 

---~----~rn~c:ruurnpf--'t&lhflEe}---€lceb~c~...----eàlq---a 15:1 patio and net a 63:1 patio 0 Tlüs 

( ) 

C') 

would be contrary to his ::!. priori expectation that rust reaction in Morye 

is controlled by three genes. 

Flor's studies on genetics of rust resistance in flax 

In evaluating Flor' s data on the genetics of' rust resistance :ln flax 

a fewselected exemples will be described where Flor's interpretation 

appears to beinadequate. 

Complement!Tl genes 

In the cross Victory C x Bombay, Flor ana~ing the observed ratio 

for the four test races (races 4, 41, 148 and 227) combined for a 9:3:3: 1 
2 

ratio obtained a highly significant X but drew no conclusion (F1or g 1951). 

From the high X2 value in F1or' s ana~sis l suspected that either the 

segregation ratio was disturbed or the genes controlling the reactions to 

races 148 and 41 were 1inked. In this case the appropriate test for link-

2 
age is to ca1culate X t setting out the data in a 2 x 2 table (Mather, 

1957) as follows: 

Race 148 
R S Total 

R 56 42 98 

Race 41' 
S 16 14 30 

Total 72 56 128 

2 
The X value obtained :Ul this way (0.025 for 1 d.f.) is very small 

suggesting that the genes corItrolling reactions to races 148 and 

41 are inherited independently. l then analyzed Flor' s data to 

- -._"-- -_._----_. -----...----_._.~----_._--
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determine the ex:pe.cted ratios for individus1 races. The observed ratio 

for race 148 in D\V ~sis showed a pœf?Jet fit to a 9:7 ratio but paor 

fit to a 3:1 ratio (Table 17) 0 The population size was sufi'ic1ent to 

di.fferemiate between a 9:7 and a 3:1 ratio (Mather. 1957) and these 

figures suggest that resist.ance in Bombay to race 148 isgoverned by a 

pair of comp1ementary genaso 

The observed ratio for race 41 shows a good fit to a 3:1 ratioo 

Assuming a 9:7 ratio for race 148 and a 3:1 ratio for race 41, the 

observed ratio for races 4 and 2Z1 (the reactions to these t'Wo were 

inherited as a unit) fits wall to a 57:7 ratio suggesting that resist

ance in the cross Victory C x Bombay to races 4 and 22:1 1s governed by 

three dominant genes of which two are complementary. Assuming a 9:7 

ratio for race 148, a 3:1 for race 41 and a 57:7 ratio for races 4 and 

2?:l. the expected ratio for all test races combined would be 27:21:9:7 

and the observed data for aU test races combined agree with tbis 

hypotbesis (Table 17). 

Flor studied the inheritance ot resistanee in the cross Rio x 

Bombay to races 16, 41, and 19 (F1or. 1947). A.ne.4rzing the observed 

ratios for aU these races combined he obtained an axpacted ratio ot 
2 

44:16:3:1:0 but the X was hig~ s1gnificant (Table 17). From this he 

did not draw 8.I\V conclusion except to say that in the cross Rio JI: 

Bombay. in which four rust-conditioning ganes are involved, an 

unsuffic1ent number of plants was studied for a sign1f1cant statistical 

test and that the deviation of the observed trom the theoretical ratio 

suggests the Bombay factor for immunity to race 19 to he 11nked with 

one of the three Rio factors for 1mmunity or resistance to race 16 

(F10r. 1947). 

. ~ .. ~ . .. _ .. ~'------'1Il'~.' ._.... . 
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TABLE 17. REACTIONS OF F2 PROGENlES OF DIFFERENTIAI. VAlUEl'IES OF 
~ 

~. ·FLAK TO·· ·TEST·· RAèEs . ·OF· RUST.- RECAUraLATION 

OF B.H. FLOR'S DATA FOR SEVERAL SELECTED cROSSES 

Parental F2 proge1\V reactions 2 
Reactions X P 

V1ctory C x Bonib§w (Flor, 19.51D po,529) 

]1. !2o 
Races 4 and 22:l R R R R R S 

Race 1.48 S R R S R S 

Race 41 R S R R S S 
Observed 56 42 16 î4 

Impected 
"Ji 

Ir; 913:3:1 72 24 24 8 24.222 L:.. 0.01 

27121:9:7 54 42 18 V. Oe296 0.95 - 0.98 

() Races 4 and 2Zl R S 

Observed 114 1.4 

Expected 

t 15:1 120 8 4.800 0.02 - 0.05 
i 

57:7 114 14 0.000 1.00 
:, 

1 

! 

Race 148 

Observed 72 56 

Expected 
té... 311 96 32 24.000 0.01 

9z7 72- S6 0.000 1.00 

Race 41 

Observed 98 30 

Ez:peœed 
3:1 96 32 0.267 0.50 - 0.70 

(J 

;) 

... -.------------~J 
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TABLE 17 - continued 

Parental 
Reactions F 2 progeny reactions 

Rio x Bom~ ~Flor. 1~7 D :202~ 

!!!o~o 

Race 16 l l l l l l 

Race 41 l S l l R to S- S 

Race 12 S l l S l l 

Obsarved 101 77 11 , 
Expected 
F,44:16:):1:0 132 48 9 ) 

135:105:9:7 101.00 78.75 6.7.5 5.2.5 

(J Race 4 I, R to S 
S-

Observed 189 

Expected 
63:1 189 3 

249:7 186.7.5 5.25 

Race 19 l S 

Obsarved ll,5 77 

Expected 
):1 ~ 48 

9:7 108 ~ 

() 

x2 

S 

S 

S 

0 

0 2.5.16.5 

0 4.966 

0.000 

1.234 

2).)61 

1.037 

P 

L 0.01 

0.10 - 0.20 

1.00 

0.20 -0.30 

Z. 0.01 

0.30 - 0.50 

....... ~ . 

i 
i 

.. - ---' 
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TABLE 17 - com.inued 

Parental 2 
Reactions F 2 progel\V' react10ns X P 

Italia Rom x Bo~v~Flort l2!t7. ;e.254l 

~.~o 

Race 6 l l l l l R to 5- 5 

Race 24- l S R to l l 5 S- to S S 

Race l.Oa S l l S l S S 

Observed 28 12 1 6 1 

Expected 
F.45a12z3:3tl 39 9 2 2 1 10.558 0.02 - 0.05 

F,llz3:1:1aO 33 9 3 3 0 6.226 0.10 .. 0.20 

Race lOS l S 

Observed 29 19 

Expected 
3:1 36 12 5.l#.f4 0.01 - 0.02 

917 27 21 0.338 0.50 .. 0.70 

y Ratios marked "Ffi vere caleulated by' Flor. AU other ratios were 

reca.lculated rrom data in Flo!"' stables. 

_.~ .. _--------~~------_.~-- .. ----, .. , . . 
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Flor did net present any expected ratios for the individual races. 

I calculated the se trom bis data and found the observed ratio for ràce 19 

fits wall to a 9:7 ratio but shOws a poor fit to a 3:1 ratio with a 

population size sufficient to differentiate between a 9:7 and a 3:1 ratio 

(Table 17). This suggests that resistance :ln Bombay to race 19 is 

governed by a pair of complementar;.v geneso 

For race 41. l cannot imagine any expected ratio -vm.ich can he 

comb1ned ldth the 9:7 ratio for race 19 which 'id.ll agree with Flor's data 

for both races combined. An explanation ma.y be that the reaetion to race 

41 of the plants in the thl:rd group (see Table 17) varied trom resistant 

to moderate~ susceptible maldng it difficult to classii'y them as 

"resistarrt. .. or "susceptible". Hawever, if' they are placed in the 

resistant group·the observed ratio for this race fits a 249:7 which can 

be combined with a 9:7 ratio for race 19 to yield a 13s:10s:9:7 ratio 

for bath races which agrees with Flor' s combined data (Table 17). 

In the cross Italia Roma x Bombay Flor (1947) ana~ed the 

observed ratio for aU test races combined for two expected ratios, 

name~ for a 45:12:3:3:1 (three factors) and a 1l:3:1:1:0 (two factors) 

ratio. The observed ratio gave a poor fit to the former but a 

satisfactory fit to the latter (Table 17). Theref'ore. he considered the 

number of' F2 plants insufficient tor a statistica~ sign1f'icant 

ana~sis and drew no conclusion trom the~ 

Flor tested the F2 plants ot this cross against three races 6, 

24 and 105 but did nat present any expected ratios tor indiv1dual races. 

I have calculated the expected ratio onl;r for race 105 becaus9 the 

reaction to this is the onl;r one which i8 clear. According to Dtr calcu

lation the observed ratio tor race 10,5 Shows a poor fit to a 3:1 ratio 

but lits a 9:7 ratio (Table 17) • 

. - .. _. - --------------_ .. _-_ .. _-------------------- .. "--- -- --- -_._- --_ ..... - ... , .. _-~ ....... _-~_ .... . 
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According to Han~on (1959) 50 F2 plants are required to test a 

)::1 ratio when a l3:3 ratio can he ruled out. Flor tested 48 plants 

trom this cross. Since there were too mal\V susceptible plants to fit 

aven a ):1 ratio, a 1):) ratio Mad not be cons1deredG> 

Of the 48 plants tasted 19 were susceptible. These data fit 't'lell 

to a 9:7 ratio (X2• 00)38; PD 0.50 to 0.70) making it reasonable to 

conc1ude that resistance in Bombay to race 105 is governed by a pair of 

cOIllp1ementary gems. 

I have described Flor' s data trom three crosses inVolving Bomba;r 

as resistant parent with tbree ditterent susceptible parents. The 

results of aU three crosses suggest that complementary ganes are 

involved in controJ.ling resistance in Bombay to soma M. 1ini races. --
F10r)describing the results of the cross Victory C x Bomba;r" stated that 

"in the Victory C x Bombay progerw there were too man;y plants susceptible 

to raçe 148, the race attacking the Newland gens. This departure :trom 

the theoretieal ratio has· oocasiona1,4r been encountered in ~brids of 

varieties having rust-conditioning genes in the Bombay linkagj 

group •••• n (Flore 1951, p.S281. This statement gives added support 

to the ~othésis tbat resistancein Bombay to soma races is determined 

by comp1ementary ganea because with the suggested 9: 7 ratio more 

susceptible plants would be expected than with a ):1 ratio. 

Epistasis 

Flor's anal\Ysis of the F2 data for aU test races, from the cross 

Victory Dx Bison for a 9s):):1 ratio showed a significant X2 value (Flor, 

1951). From the results of this cross and trom those of the crosses 

invo1ving Victory D with Ottawa 770B, Newland and Bombay Flor concluded 

-

i 

1 
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tbat resi~~ance in Victory D is contro11ed b.v two domillant genes. HOt~

ever. nu calculation of Flor's data (Table 18) from the cross Victory D 

x Bison shows that resiatance in Victory D may be controlled b.v three 

dominant ganes. two of which are epista:'cic to a third. as shown in 

Figo 9 based on three assumptions: 

(1) The resistance to race 210 is coDtrol1ed b,y tbree dominant 

ganes A, B and C; with A and B tor resistance epistatic to C for 

susceptibUity. 

(2) The resistance to race 227 1s controlled by ttro dominant 

genes A and Ca with A for resistance epistatic to C for susceptibUityo 

Gene B 15 considered to play no l'ole in contro11ing the reaction to this 

race. 

(J) The resistance to race .52 1s colItrol1ed by a single dominant 

gene B. Genes A and C are considered to play no roIe in controlling 

T.eac!:,1on to this race. 

According to Flor's bypothesis, the expected ratios for the test 

races 210, 227 and .52 shoul.d be 1.5:1. 3:1 and. ):1 respectiveq.. In nv 

ana~sis the observed ratio for race 227 :taUs to fit a 3:1 ratio b\rt, 

fits 13:3. with a population of 176 (Table 18). This suggests tbat 

resistance in this case la determined by two dominant. genes, one 

controlling resistance being epistatic to another coDtro11ing 

susceptibUity. 

The observed ratio for race 210 fits both a 15:1 (accord1ng to 

Flor's expectation) and. a 61:3 (nv own anaq.sis). Assuming a 13:3 ratio 

for race 227 the expected ratio for race 210 shoul.d he 61:3 which would 

suggest resistance in Victory D to race 210 to be governed by tbree 

dominant genes. lF.i!bft two of which are eplstatic to a tbird. 
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REACTIONS· OF F2 PROGENlES OF DIFFERENTIAL VARmmS OF 

]lJlX TO TEST RÀCES OF RUST ct RËCALCULATION OF 

H.Ho FLORilS DATA FOR SEVERAL SELEdrED CROSSES 

Parental 
Reactions F 2 progeny reaations 

2 
X P 

V1ctory D x Bison (Flor D 1951. E.530) 

Cl 

Race 2~0 

Race 2Zl 

Race 52 

Observed 

~cted 
11 

F-; 9:3:3:1 

39:9:13:3 

Race 210 

Observed 

Eltpected 
1,5:1 

61.3 

Race 2Zl 

Observed 

Expected 
3:1 

J3a3 

Relce 52 

Observed 

Ex:pected 

3:1 

Vi. Bi. - -
R S 

R S 

R S 

R 

R 

R 

99 

107 

R 

16,5 

168 

149 

132 

143 

135 

132 

143 

R 

S 

R 

20 

33 

25 

s 

7 

11 

8 

44 

33 

41 

R 

R 

s 

s 

s 

s 

7 

Il 9.191 0.02 - 0.0,5 

8 1.~4 0.50 - 0.70 

-

10555 0.20 - 0.30 

0.131 0.70 - 0.80 

8.757 L.. 0.01 

1.343 0.20 - 0.30 

00273 0.50 - 0.70 

2.388 0.10 - 0.20 
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TABLE 18 - cominued 

Parente1 
X2 Reactions F

2 
proge~ reactions P 

Victo~ B x Bom~v (Flore 19510 :eo.529~ 

!!. !2o 

Race 1 R R R R R S 

Race 73 R s R S S S 

Race 41 R S R R S S 

Observed 165 26 12 0 

Expected 
F,12:3:1:0 152 38 13 0 4.978 0.05 - 0.10 

52:9:3 165 28.5 9.5 0 0.877 0.50 - 0.70 

Cl Race 73 R S 

Observed 165 38 

Expected 
3:1 1.52 51 4.426 0.02 .. 0.05 

13:3 165 38 0.000 1.00 

Race 41 

Observsd 191 12 

Expected 
15:1 190 13 0.088 0.70 - 0.80 

61:3 193 10 0.421 0.50 - 0.70 

() 
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TA.'8Œ 18 - com.inued 

Parental 
x2 

Reactions F 2 progeny reactions P 

Leona x ottawa. Z70B ~Flor B 1947 e Eo 247l 

1:20 ~o 
Race 24- R l l R l S 

Raœ 68 R S R R S S 

Race .52 S :r l S l S 

Observed 113 38 'Zl 6 

~cted 
F.9a:3:3:1 104 34 34 12 5.487 0.10 - 0.20 

() 39:1:3a913 112 :37 26 9 1.074 0.70 - 0.60 

Race 2)f. I,R S 

Observed 178 

Ex:pected 

6 ri! ,1 

1,5:1 172.5 1105 2G805 0.05 - 0010 

611:3 175 9 10051 O.JO - 0.50 

Raee 68 

Observed 1,51 3:3 

EJ:pected. 
3al ]38 46 4.889 0.02 - 0.05 

13::3 149.5 34.5 0.080 0.70 .. 0.80 

Race 52 

Observed 140 44-

Expected 

Cl :311 138 46 0.116 0.70 - 0.80 

13:3 149.5 34.5 3.220 0.05 - 0.10 

1 

. --------~.---------------------------- -~t 
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TABLE 18 - cont1nued 

Parental 
Reaet10ns 

-ll4-

~2 proga~ reactions 

Tammes Pale Blue x Punjab (FlorD 1947, pe253) 

Race 2 

Race 41 

Race 19 

Observed 

Eltpected 
F.2~1~1:0 

9:4:3:0 

Race 41 

Observed 

EKpeeted 
3:1 

Race 19 

Observed 

Eçected 
3:1 

1):3 

l l 

l S 

S l 

l 

l 

l 

l 

l 

S 

11.4 48 

96 48 

108 48 

l S 

162 30 

144 48 

lS6 36 

144 48 

1lf4 48 

lS6 )6 

l 

S 

l 

30 

P 

s 

s 

s 

o 

o 10.125 .:c.. 0.0l. 

o 1.231 0.50 - 0.70 

9.000 ~ 0.01 

0.000 1.00 

4.923 0.02 - 0.05 

l~ 
1 

1 

1 
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TABLE 18 - coDt.inued 

Parental 
Reactions F2 progeqy reactions 

Kenya x ottawa 770B (Florp 19472 po247) 

!2o ~o 
Race 7 R l l l l 

Race 68 R S R R S 

Race 72 s l l S l 

Observed 3S 13 16 

EK:pected 
F.2:1:1:0 32 16 16 

() 9:3:4:0 32 12 16 

Race 68 R S 

Observed 48 16 

Ex:pected 
3:1 48 16 

Race 79 l S 

Observed .51 lJ 

Ex:pected 
3:1 48 16 

1,3:3 .52 12 

() 

,------------~l~ 

2 
X 

S 

S 

S 

0 

0 0.844 

0 0.111 

0.000 

0.7.51 

-0.102 

P 

0 • .50 - 0.70 

0.90 - 0.9.5 

Il 1.00 

0.30 - 0 • .50 

0.70 - 0.80 

1 

1 
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TABLE 18 - continued 

Parental 
X2 

Raactions F2 proge~ reactions P 

Victor,v A x Newland ~Fl.ort 192!o Eo228l 

no~o 

Race 4 R R R R R S 

Race 22:l S R R S R S 

Race 148 R S R R S S 

Observed 66 29 33 0 

Expeeted 

(- r 

F,2:1:1:0 64 32 32 0 0.375 0.80 - 0 .. 90 

9:3a410 72 25 32 0 1.573 0 .. 30 - 0.50 

Race 2'Z1 R S 

Observed 99 29 

Expected 
3al 96 32 0.375 0.50 - 0.70 

1.3:3 104 24 1.281 0.20 - 0.30 

Race 41 

Observed 95 33 

Expected 
3:1 96 32 0.041 0.80 - 0.90 

r 
'---

i 
1 

--------------- ------------,--- -:.;;"" -- -- -- - ---- _.--_.- J 
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y Ratios marked "F" were calculated by' Floro AU ather ratios were 

re~,lculated trom data in Flor's tables. 

----lt 
:{ 

! 
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Race 210 
(61:3) 

Race 2'Zl 
(1,3:3) 

A

B

e .. 

27 

R 

A

B-

cc 

9 

R 

R 
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A

bb 

9 

R 

R 

aa 

B

c-

9 

R 

s 

A

bb 

cc 

R 

R 

aa 

B-

cc 

R 

R 

aa 

bb bb 

c- cc 

1 

s R 

s R 

Race 52 
(3:1.L R S R S R S S 

Expeoted ratio 
for a11 test 
races comb1œd 

Bace 210 

Race 2Zl 

Race .52 

Observed number 

Ex:pected nwnber 

39 

R 

R 

R 

11.5 

107 

2 X value, 1.834. 

..... , 1 1 1 ............ -
.......... 1 .-'-..... 1-- l ! ....... '-~ \1' k-'--

9 13 3 

R 

s 

R 

20 

25 

R 

R 

S 

P(3 d.r.), 0.50 - 0.70. 

S 

S 

S 

7 

8 

Fig. 9. Schema showing genotypes which would fit ratios 

calcul.ated trom F1or' s data for reactions of p. ... ogel\V 

of cross Victor;yD x Bison to f'lax rust races 210 ~ 

2'Zl. and . .52 .. 
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The observed ra.tio for raee 52 showed a better fit to a 3:1 ratl0 

than to a 13:3 ratio. Assuming a 3:1 ratio for race 52, a. 13:3 ratio 

:tor raee 2Zl and a 61:3 for race 210. the expected ratio for aIl races 

combined would be 39:9:13:3 which ls in agreement. with the data (Table 

In the cross Victory B x Bombay the observed ratio was ana.l~zed 

b.Y Fior for a 12:3:110 and agreed with expactation (Flor o 1951)0 The 

results of this cross and trom thOS6 of a. few others involving Victory 

B with other varietles lad Flor to eonclude tbat resistance in Victory B 

la conditloned by two dominant gems. Aceording to Flor's hypothesis 

the expected ratios for races 73 and 41 would be 3:1 and l,5:1 respect-

ive~ 0 With respect to race 73, the observed ratio in m:f calcul.a.tion 

showed a poor fit to a 3:1. fitting instead a. 13:3 ratio with a 

population of 203 pJ.ant:.s suggesting that resistance in Victory B to 

race 7.3 is determined b.Y two dominant genes. one of which ls epistatic 

to the other (Table 18). 

With race 41, the observed ratio agrees with both a 1S:1 and a 

61:3 ratio. Assuming a 13:3 ratio for race 73 t the observed ratio for 

race 41 ahould he 61:3 which would indicate tbat resistance in Victory B 

to l'8.Ce 41 la oomrolled by three dominant genes. two of which are 

epistatic to a tbird. If race 73 yields a 13:3 ratio and race 41 a 61:3 

then the expected ratio for bath test. races combined should he a 52:9:3 

which ia in agreement. with the data (Table 18). The genotypic schema 

for a 5219:3 expected ratio ia suggested in Fig. 10 based on the follow-

mg assumptions: 

-

-l~ 
r 
1 

1 
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(1) The resistance to race 41 la coDtrolled b.Y three dominant 

genes A. Bande; with A and B for reslstance epistatic to C for 

susceptibillty. 

(2) The resistance to race 73 is controlled b.Y two dominant 

ganes A and C; with A for resistance epistatic to C for susceptibilityo 

Gene B 1s conaidered to play no role in controlling the reaction to 

this race. 

In the cross Leona Je ottawa 770B Flor (1947) postulated that 

resistanoe is contJ~olled Dy '(,wo domin.arlt ganes. However, according 

to II\V calculation :resistance in th1s cross to race 68 is determ1ned by 

two dominant genes, one epistatic to the other" and resistance to race 

24 by three dominant genes. two epistatic to the third (Table 18). 

In the cross Tamm.es Pale Blue x Punjabl/Flor (1947) tested bis 

observed ratio trom the combined data for races 41 and 19 for 2:1:1:0 

which would indicate allelic ganes. He concluded in spite of a h.igbl;r 

significant X2 (Table 18) that resistance in Tammes Pale Blue was 

allelic to that in Punjab apd Bombay (see Flor' sTable 7. 19'-1-7) 0 

On this basis 0 considering races 41 and 19 separatel\V, the 

expected ratio for each should he J:l. The observed ratio for race 41 

gives a poor fit (P .:::.. 0.01) to a 3:1 ratio but a good fit to a 13:3 

ratio suggesting that resistanee in Tammes Pale Blue to race 41 ia in 

fact s1milar to tbat described in the other crosses above, be1ng 

determined by two dominant ganes, one for resistanoe epistatlc to a 

second for auaceptibility. 

The data for race 19 fit a 3: 1 ratio and the eombined data for 

both races fit a 9:4:3 ratio (Table 18). The genotypic schema for 

1 
i 

! 
1 

~ 

1 
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a 9:4:3 ratio is suggestad in Fig. ll. basad on the assumption that 

dominant gene B imparts resistance to race 19 b\It; susceptibUity to race 

41. Gene B is l\vpostatic to dominant gene A which i9 resistant to 

race 41 bot p~s no part in coDtrolling reaetion to race 19. 

Allelic concept 

Flor (1947 D 1951, 1956, 1959) report~d that rust resistance in 

flax is corItrolled by 25 genes occurring at 5 loci, 1 at the K. II at 

the L, 6 at the M. 3 st the N. and 4 at the P locus. 

Flor's assumption that genes for rust resistance were allelic is 

based on the occurrence of ratios such as ls0, 2:1:1:0 and 3:1:0 rather 

than 15:1, 9:3:3:1 and 12:3:1 respectiveq which f "eur when genes are 

independerIt and non-allelic. The ratios 1:0 and 3:1 indicate alleles 

by de finit ion (Sinnot et al. 0 1958, Lee et al., 1963). The ratio 

2:1:1:0 ~ not necessar~ indicate the presence of allal1c ganes. 

With a pair of alle11c genes and complete dominance the phenotype 

of the heterozygote resemb1es the homozygote possessing the dominant 

allele. When dominance 1s incomplete the heterozygote is intermediate 

between the two homozygotes and When dominance is absent the heterozygote 

is exa.ct4r Midway between two homozygotes (Sinnot et al. t 1958). 

However t there is another chss of alleles known as co-dominant 

a11eles. The M and N blood antigans of man are examples of co-dominant 

al1eles. The genes imrolved are reprasentad l' t IB and i. -xA and r!3 
are each dom1.nant to i but neither is dominant to the other. In the 

heterozygota each produces its arrtiganas regardlass of its partnar (Hutt. 

1964: Srb et al., 1965). 

Flor's designation of ganes as alleles because of F2 data fitting 

a 2:1:1:0 ratio cao be questioned. In the cross ottawa 770B x J.W.S. 

-

1 
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Race 4J. 
(]3:) 

Expected ratio for both 
test races combined 

Race 41 

Race 19 

Ôbserved number 

Expected number 

-12)-

A-B-
9 

R 

R 

l 
9 

R 

R 

114 

108 

A-bb 
:3 

R 

R 

s 

48 

48 

aaB
) 

s 

s 

R 

P (2 d.f.). 0.50 - 0.70 

Fig. 11. Scheme showing genatypes which would fit ratios 

calculated trom Flor t 41 data for reactions ot 

progel\V of cross Tammes Pale Blue x Punjab to 

flax rust races 41 and 19. 

aabb 
1 

R 

1 

! 

~ 
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(Flor. 1947) the observed ratio showed a good fit to a 2: 1: 1: 0 and the 

genes in ottawa 770B and J.W.S. were designated as alleles at the L 

locus. On the basls ot this hypothesis the genotype oi' the eross 

ottawa 770B x J .W.S. li the observed and expected ratios for ind1vidual 

and both test races combined are shmm in Table 19. 

In this cross one homozygote IL (ottawa. 770B) is immune to race 

7 and complete4r susceptible te race 220 the ether homozygote L ~ 2 

(J .W.S.) la immune to race 22 and completeq susceptible te race 7. but 

2 
the heterozygote IL ls immune to both races. That is. the heterozygote 

neltber resembles one ot the homozygotes nor bebaves 11k8 an 1ntermadiate 

between the two homozygotes. The alle1es L and L2, tberetore o do not 

balong to the general class whers one allele la dominant over the other 

or the heterozygotes 3l~ intermediate betlreen homozygotes because oi' the 

incomplete dominance of either allele. The posslbility that the ganes 

L and L2 are co-dominant fl;lleles can be eva1uated on the basis of the 

segregation ratio ot the cross ottawa 770B x J.W.S. li te test races 7 and 

22. 

Ottawa 770B is resistant and J .W.S. susceptible to race 7. The 

F 2 ratio shotved a good fit te a 3,1 ratio indicat1ng that ottawa 770B 

possesses the dominant a11ele for resistance and J .W.S. the recessive 

al1ele tor susceptlbility te race 7. This recesslve allele in J.W.S. 

2 2 
cannot be the L gene because L ls a dominant gene. Let us represent 

the gene for sus cept i'billt y in J.W.S. by 1 as the recessive allele for 

the dominant gene L in ottawa 770B for resistance. The genotype of 

J.W.S. thus becomes li. According to Flor's designation the variety 

J.W.S. possesses the L2L2 pair of alleles. According to Flor's data on 

reaction to race 7 (Table 19) it must also possees the li pair oi' 

;~ 

i 
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TABLE 19. REACTIONS OF F2 PROOENY OF CROSS arTlMA 770B X J.W.So 

TO" TÉST RACES 7 .AND 22" RECALCtn.ATION - OF B.Ho FioR. es 

DATA 

Parental 2 
Reactions F2 proge~ reactions X P 

otta'tm J .. WoSo 
770B 

22 
2IL

2 2 2 
LI. LL lLL lLL 

Race 7 l S l :i: S S 

Race 22 S l l S l S 
cd 

Observed 95 45 48 0 

Expected 
11 

F; 2:11110 47 47 0 0.U7 0.90 - 0.95 

ottawa 
770B J.WoS. 

Race 7 l S l S 

Observed 140 48 

Expected 
3:1 141 47 0.028 0.80 - 0.90 

~. ottawa 
770B 

Race 22 l S 

Observed 143 4.5 

Expeoted 
311 141 47 0.113 0.70 - 0.80 

"l:l The ratio marked HF" wa cal.culated by Flor. The other two ratios vere 

recal.culated trom' dà.ta in Flor' sTable j (FJ.or. 1947). 

~ 
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j 
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alleles.whieh is not possible as the variety i8 homozygous and the erop 

2 
is diplo1d. It fo11ows that J .W.S. cannot possess the L gene as an 

allele to L gene in Ott81ia 770B. 

Segregation of the F2 of the eross Ottawa 770B x J.WoS. for 

reaetion to raee 22 is shawn in Table 19. If the domil'lant gene for 

2·' 
resistanee in J.WoSo ls represented by L then by definition ottaloJa 7700 

must possess the recessive allele 1 ~ 2 and not LL or 110 

Flor used two or more test races to test an F2 family and on the 

hasis of fitting the observed segregation a 2:1:1:0 ratio he designated 

the ganes for resistanee in· the parent varieties as allales. Genes in 

different varieties can be designated as allales o~ on the hasis of 

reaetion to one raee and not to t'Wo or more races. By definition allelic 

genes ean affeet only one charaeter eausing dif'ferent degrees of 

expression (Hutt, 1964). Flor (196.5, p.416) established his multiple 

aUelie series on the hasis of the observed segregation fitting a 

2:1:1:0 ratio. According to DW interpretation, as with the L and L2 

genes in ottawa 770B and J .W.S. respectiveJ.,y (Table 19) all are situated 

at cllfferent loci. 

Among the crosses where the F2 data were sbown by Flor to be in 

agreement witb a 211:1:0 ratio, according to uw calculaticn the observed 

ratios in some of tbem (e.g., in crosses Kenya x Ottawa 770B. Vietory A 

x Nawland and Wi1l1ston Brown x Newland) also fit well a 9:.3:4 ratio 

indicating epistasis (Table 18). As will be shawn later t this is also 

the situation with a number of Ih-osses in Kerr's study. In tbese 

instanees without appropriate genetie tests it would be impossible to 

say which of the two ratios 1s the eorrect one. 

-

f 
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In one cross, Tammes Pale Blue x Punjab (Table 18) the observed 

segregation did not agree at a11 with a 2:1:1:0 ratio yet F10r 

designated the Tammes Pale Blue factor as an allele of the Punjab and 

Bombay factor (see Flor' sTable 7. 1947). However. this designation 

l'laS not retained in his later publications (Flor. 1954, 1955) because 

apparently a 2:1:10 ratio could never be obtained !rom crosses between 

Tammes Pale Blue and Punjab or Bombay. 

Kerr's stlldies on genetics of rust resistance in f'l.ax 

Kerr (1960). 1'1orking with Australian flax rust races. published 

extensive data on inheritance of rust resistance in flax varieties. An 

exam1nation of bis data revea1s that like Flor. he apparently averlooked 

the possibility that rust resistance in some f'lax varieties May be gaverned 

by epistatic genes. 

In the cross Argentine 462 (260) x ottawa 7700 (F2 progeny) Kerr 

wes unab1e to find an expected ratio for the two test races (races 2 and 

7) combined and he drew no conclusion. ~ calculation of Kerr's data 

suggests that resistance in this cross ma.y he governed by tbree dominant 

genes. with two genes for resistance epistatic to a third gene for 

sus cept ibilit y (Table 20). 

In this cross Kerr analyzed the observed ratios for races 2 and 7 

for a 1.5:1 and a 3z1 ratio respective4r. The X2 value for a 1,5:1 ratio 

for race 2 wes near4r significant witb a population of 305 and that for 

a 3:1 ratio for race 7 hig~ significant with a population of ~O. 

According to my ca1culation. the observed ratio for race 7 shows a very 

good fit to a 13:3 ratio and that for race 2 a perf'ect fit to a 61:3 

ratio. With 1oh1s assumption. the e:xpected ratio for bath' races combined 

should he 52:9:3 (see Fig. 10) which is in agreement with the data 

(Table 20). 

-
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TABLE 20. REACTIONS OF F2 PROGENlES OF DIFFERENTIAL VARmIES OF 

FLAX 'TO TEST RAcEs -OF RUST. REèAt.cULATIO!f OF-' H~B~ -KERR'S 

DATA FROM SEVER.At. SELEOl'ED CROSSES 

Parental 
Reactions F2 proge~ reactions P 

,Argentine 462 (260) x Ottawa. 770B D F2 (Kerrt 1960, Po289) 

Race 6 l l 

Race 2 l l 

Race 7 l S 

Observed 

Expected 

;;' No ratio given 

52:9:3 

Race 2 

Observed 

6113 

Race 7 

Observed 

E:x:pected 
K. 3:1 

l 

l 

l 

187 

l 

{286 

294 

192 

187 

l l 

l S 

S S 

28 10 

11. 0.725 0.50 - 0070 

s 

11 

19)~l _l' 0.05 - 0.10 

11 0.000 1.00 

43 
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Parental 
Reactions 
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p 

Bison ~2~2 x Pun.1ab and Pun.lab x Bison ~2841 fi Fg ~Kerrg 1960. ;E0294) 

~o E!!o 
Race 1 l S l S l S 

Bace 2 S l l l S S 

Observed 10l 17 32 5 

Expected 
10)Y K. 9:3:3:l. (f:q 29 29 0001 approx. 

39:9:13:3 95 22 31 7 2.118 0050 - 0070 

Race l l s 

Observed 133 22 

El:pected 
K. 3:1 (116.25 38.75) Below 0.05 

13:1 l26 29 2.(119 0,,10 - 0.20 

Race 2 

Observed 118 37 

EKpected 
K. 3:1 (116.25 38.75) 0.70 - 0.80 
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TABLE 20 - continued 

Parental 
X2 Reactions F2 proge~ react10ns P 

Newland x ~a.b and reci;EroGal ll F2 ~KerrlJ 19600 12 .. 3022 

]!!o F.!!o 

Race l l S l S l 

Ra.ce 2 l l l l S 

Observed 256 11 14 

Expeeted 
Ke 14,1:1 (245 18 18) 0 .. 10 - 0.20 

58:3::3 2.55 13 13 0.389 0 .. 50 - 0 .. 70 

5?'13:4 250 13 18 1.341 0.50 - 0.70 

C Race 1 l S 

Observad 'ZIO 11 

Expected 
K, 1.5:1 (263 18) 0.10 - 0.20 

61:3 268 13 00:323 0.50 - 0.70 

Race 2 

Observed 261 14 

Expeeted 
K. 1511 (263 18) 0.:30 - 0.50 

61:3 268 13 0.081 0.10 - 0.80 

. . ......... _--.-~-- .• _. __ .. _--_ .........•. __ ..... _. •.. .-; 
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~ 
TABIE 20 - cont.1nued 

Parental 
X

2 Reactions F2 progerw reaetions P 

A~5S1n1a.n x Ottawa 770B and recl;eroca1. F2 ~Kerrp 1.960! ;2,,282) 

,!2o ~o 

Race 1. l l l l l 

Race 2 l l l l S 

Race 6 S l l S l 

Ob$erved 1.63 10 9 

Expected 
K,14:1.:1 (1.60 11. ll) 0.50 - 0.70 

57:4:3 162 II 9 0.097 0.95 - 0.98 

( Race 2 l S 

'Observed 173 9 

,II Expected 
K. 1,5:1 (171. 11) 0.30 - 0.50 1 

i 
l 

61.:3 173 9 0.000 1..00 

Race 6 

Observed 172 10 

Expected 
K. 1,5:1 (1.71 ll) 0.50 - 0.70 

(; 

. ~~-- - ~-- ----------------_ .. _._--------
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,....,.. TABLE 20 - continued 1 . 

li 
~ 

Parental 
x2 

Reactions F2 proge~ reactions P 

AS!ssin1an x Pun~abo F2 ~Kerr. 12602 ;2.2821 
,!2o ~o 

Race l l S l S l 

Race 6 S l l l S 

Race 2 l l l l l 

Observed 38 12 14 

Expected 
K, 2:1:1 02 16 16) 0.30 - 0.50 

9::3:4 :36 12 16 00 :361 0.80 - 0.90 

Race 1 l S 

1 f- Observed 52 12 ~L l 
j 

Expected ~ 
j 

K.3:1 (48 16) 0 .. 20 - 00:30 

1 l3::3 52 12 0.000 1.00 

Race 2 

Observed 50 14 

Expeoted 
K. :3: 1 (48 16) 0.50 - 0 .. 70 

1:1 Ratios marked tI}{" were calculated by Kerr. ru other ra.tios vere 
recalc\\lated ~o~ data in Kerr' stables. 

!I E:l:pected numbers were caloulated personalq. IlOt given by Kerr. 

II 2 
X values not given by Kerr. 

o 
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:rn the cross Bison (293) x Punja'b and Punjab x Bison (248) (F2 

progeny) Kerr (1960) ana~ing· the observed ratio for t'Wo test races 1 
. 2 

and 2 combined for fit to 9:3:~:1 obtained a significant X value 

(Table 20) e He did not make arry comment on tlüs cross but trom the 

resùlts of a fet~ ether crosses involving Bison ~1ith other varieties he 

conc1uded that resistance in Bison to race 1 ls comrolled by a gene 

a11elic to one of the Ottawa. 770B genes. In the cr:)ss Bison (293) x 

Punjab and Punjab x Bison. according to Kerr's ~hesis the expected 

ratios for each of races 1 and 2 should be 3:10 In JW anaqsis the 
2 

observed ratio for race 1 fails to fit a 3: l ratio (X • 9.653; PLO. 01) 

but fits a 13:3 with a population of 155. The observed ratio for race 2 

fits a 3:1 ratio. Assum1ng a 13:3 ratio for race 1 and a 3:1 ratio for 

race 2 the expected ratio for bath test races combined should be 

39:9:13:3 whicb is in agreement with the data (Table 20). 

Kerr, following FIor, postulated a 2:1:1 or a 14:1:1 ratio r~!' 

the observed segregations of a number of crosses, (A 14:1:1 ratio, 

aeeording to Flor and Kerr. is produeed by the segregation of three 

dominant genes of which two are allelic and one non-alla1ie). A re

ana~s1s of Kerr t s data show that aJ.most a11 the observed 2: 1: 1 and 

14: 1: 1 ratios are also in good agreement with some other ratios which 

are produced by epistatic genes (Table 20). 

1 

'~ 
- .---,.-
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DISCUSSION 

The rev~w of Flor v s data presented suggests tbat the :lnheritance 

of rust resistance in bis fiax differentials may he more complex than 

reponed (Flor 1941 D 1951). According to nw &~sis. the data suggest 

that ruat resistance in some varieties to some races may be governed by 

complemantar,r genes and in some b,y epistatic ganeso These possibilities 

were apparent~ overlooked by Flor. 

In some crosses between flax varieties Flor was unable to find 

expected ratios for all test races combined although according to ll\Y 

caleulations the segregation ratios in these crosses are in good agree-

ment' with some ratios which might be expacted for complementary or 

epistatic genes. In sorne other crosses t although Floris postulated 

ratios agreed ~th the observed segregation ratios for all test races 

combine el. according to l'I\Y calculation the observed ratios for individual 

test races do not agree with what should he the expected ratios for 

individual test races according to Floris hypothesia. An explanation 

may be that FIor apparently determined the expeC'ted ratio for a cross 

tor reaction to ail test races combined. empirica1J;y t without taking into 

consideration the expected ratios tor individusl test races. Perhaps 

tor this reason Flor c1id not point o-~ tbat bis data indicated the 

possibUity of rust resistance in soma f'lax varie"ties being governed by 

complementary genes. Flor was unable to find an expected ratio tor the 

observed segregation in the ruat cross race 22 x race 24 on the varieties 

Williston Golden and Williston Brown. He apparent~ did not consider that 

resistance in some host varieties and pathogenicity of ruat races on 

some host varieties may be governed by epistatic genea. 

.~ 
1 
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Ratios indicating epistasis ean be easily detected by F3 progeny 

tests espaeia.l.q !rom the progez\y of recessive F 2 individua1s. Although 

F10r did not present. F3 data on inheritance of rust resistance in flax 

varieties he did say that his ~otheses were supported by the F3 

progeny tests (F1or Il 1951). Either he may not have tested enough F3 

proge~ to detect recessive ganea for resistance or, if he found 

rasistant plants in the progeny of susceptible F2 individuals, he may 

have ignored them, considering that they were the result of outcrossing. 

According to lI\V anal;y'sia, Florlls and Kerr's data suggest that rust 

resistance in some flax varieties and pathogenieity in sorne i'lax rust 

races can be governed by epistatic or complemerItary genes. This may not 

necessar11y be correct. The deviation of observed f'rom the expeC'ted 

ratios in thase cases might he due to chance alone, without inva1idating 

their bypotheses. The point is that in genetie experimerIts it 19 

necessary to dif'fereni;.iate between 1:imiting ratios and neither F10r nor 

Kerr mentioned this. 

Mayo (1956) and Person (1959) examined Flores data on host and 

. pathogen geneties but did not mention the points which I have emphasized 

in this rev1ew. Person (1959) analyzing the gene-for-gene relationship 

in the f'lax and :tl.ax rust system by a theoret1cal mode1 found that most 

of Flor's 'hing1e gene" ditfarential. varieties possess two or more genes 

for resist"ance and thé.t the resistance gene s in these var1eties need 

not fall into a11e11e or c10seq linked groups. Aeeording to D\V 

anaqs1s. Flor's data suggest more or 1ess the same thing except that 

the genes designated b:; Flor as multiple alleles could be e1ther c10sely 

1inked in repulsion or epistat1c. 

-
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GENETIC STtIDIES OF PATHOGENICJn: IN DrHER RUST FUNGI 

Green (1964) studied the inheritance of co1our and pathogenicity 

in the 51 uredia1 progeI\Y' of race lSB-lL(Cano ) and a l\vbrid ('tolbite x 

normal) race 11 of Puccinia graminis Pars", .A. greyish-brown nnrtant was 

recessive to normal co10ured (WUd) typeo With respect. to pathogenicity 

on varieties Arnautka and Mindum. virulence was dominant among both the 

normal and greyish-brown 51 cultures of race 15B-lL; in the selfed 

progeny of race 11 Virulence ws dominant among normal co1oured 

cultures but recess1ve in greyish-brown ones. Green axp:}.a1ned tbis 

"apparent revers al of dominance" in race II by. suggesting linkage 

between the loci for colour and' virulence 0 

On the variet1es Vernal and Lee, the parent race l,5B-lL ylas 

virulent. All the 51 progeI\Y' with greyish-brown spores were al.so 

virulent but most of the normal coloured type wera avirulent. The 

observed ratio of avirulent to virulent cultures among normal coloured 

progeI\Y' approximated 15:1 indicatUlg t'toTO recessive genes for viru1em:2.. 

This waSt however, unaeceptable to Green because normal colour is 

dominant over greyish-brown and the parent race l,5B-lL 1s virulent on 

Vernal and Lee. Green explained this result as with the result in 

Arnautka. and Mindum. by l1nkage between virulence and colour loci. 

If wei ignore the uredial colour and s1mply study the inher1tance 

of pathogenioity of race l.5B-lL on varieties Vernal and Lee we should 

get a ressonable ratio. Unless virulence 1s governed by three or 

more complementary genes, we would expect more virulent cultures than 

avirulent ones. 

. .... -------,.,---- ---_. 
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In ~ opinion, Green's results were arfected by sampling errors. 
tAe 

Green selfed p,ycnial population b,y applying poo1ed (mixed) nectar. As 
" 

will be discussed later, with tbis method of selfing errors can occur 

at three points, namely p (1) the rru.m.ber of pycnia. providing the nectar. 

(2) the number of aecial clusters to he investigated. (:3) the number of 

progeny cultures established from ea.ch a:ecia1 cluster. Green did not 

mention whether this factor l'JaS taken into considerationo 

According to Green race 11 is heterozygous for virulence on 

Arnautka, and its selfed progcl'\V should segregate :ln a ratio of 3 

virulent to 1 avirulent. Half of the aecial c1usters should be 

segregating and balf non-segregating. Green. however, obtained onq 

one segregating out of 2) aecial c1usters investigatedo 

S:Jnrl.J ar4r on Marquis-Sr9a o~ three out of 2:3 .aecia1 c1usters 

segregated for pathogenicity. Green fë.1t that apparently the pooled 

nectar method of selfing was ineffective and commented that ft the 

reasons for the unexpected result s were not clear. but apparéntly 

there was an obstruction to muJ.tip1e fertilization, or the samples :!rom 

each aecial infection (up to 10 cultures) were too amall." 

The segregation ratio suggested by Green on Arnautké., :3 virulent: 

1 avirulent. should be differentiated :!rom the three limiting ratios 

1:3::3. 9:7~ and 1.5:1. To d1.stinguish between single factor and 

duplicate factor ratios (:3:1 :.nd 15s1 in the diploid stage, but 1:1 and 

3:1 respective4r in the haploid stage). at least 54 pycnia mst be used 
11 

in m1x1ng the nectar- to eneure proportionate representation of the 

gametes. Green did not specify" the Illll'Ilber of pycnia from which he 

obtained nectar. S1mUar4r. to distinguish between 1:1 and :3:1 ratios 

for segregating and non-segregating aecia1 clusters p at least 54 clusters 

'lI Calcula.ted by using Mather"s fOI'l1Il1la (Mather. 1957) 

-
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should be sampled. As Green sampled only 23 clusters, the segregation 

ratios he obtained may be attribtttable to sampling too amall a 

population. Similarl;v'. the populations he sampled were too small to 

d1stingl1ish 3:1 trom 9:7 and 13:3 ratios. 

Green (1966) conducted self'ing studies on four cultures of wheat 

stem rust race 11 and one culture· of race 10 and determined the 

inheritance of pathogenicity on the differentials Arnautka, Mindum. 

Marquis-Sr9a and Marquis-Srll. The data were preserrlied to show a gene-

for-gene relationship between t-lheat and wheat stem rust. 

An examination of Green' s data revea1s. hotrever. that the total 

number of Sl progelV' testë!d trom each culture varied between 20 and 52 

and these S1 progerw were obtained over 9 years. The Sl proge1\1 of 

each culture were obtained in several experiments and thë gametic 

population in each experiment was therefore not large enough to 

eliminate sampling errors. 

In criticiz~ Green's results the po:1nt has been made that 

without large rmmbers of proger:w reliable data camot be obtained. 

This does not mean that his conclusions are wrong, indeed a gene-tor

gene system seems to provide one of the more plausible explanations of 

the genette control of pathogenicity and resistance. 

Green (1965a, 1965b) studied the inheritance of pathogen1city 

in severa1 races of oat stem rust on var1ety Sevnothree. In crosses 

betwaen certain races the F1 twbr1ds resembled the materna1 parent 

except in crosses invo1ving races 6A and 13A where the FI proge~ 

sagregated. Segregation was apparent in reciproca1 crosses between 

races 6A and 13A and also when either was used as the maternal. parent. 

1 
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When 6A and lJA were the paternal parents, the pathogenicity of the Fl 

h.Ybrids invariabq resembled the maternal parent regardlass with which 

other race they were crossed. From this Green (196Sa, 1965b) suggested 

cytoplasmic :inheritanca of pathogenicity except :in races 6A and l3A 

where the pathogenicity w.s considered to he governed by the inter-

action of chromos omal and non-chromos omal factorso 

5elf'ing of race 6A produced segregating progeny 0 The observed 

51 ratio of this race 1mS ex.plained by postulating a theoretical ratio 

of 10 virulent : 6 avirulent, 'tdlicb was interpreted as meaning that 

pathogenicity of race 6A is controlled by two genes and maternaI cyto

plasm. Green postulated a dominant gene (VE) for virulence and a 

dominant gene (D) acting with the materna! cytoplasm to malee the 

recessive gene (VB) for avirulence dominant when both D and VE occur 

in the monokar,yotic infection. 

Gre~m demonstrated bis hypothesis of a 10 virulent : 6 avirulent 

ratio by a checkerboard (Fig. 12). In Fig. 12 sixteen theoretical 

crosses were proposed b,y reciprocal transference of spermatia between 

pycnia in randoml.y selected pairs. A ratio of 8 pairs of virulent 

cultures trom both sides : 4 pairs of avirulent !rom both sides : 4 

pairs producing virulent trom one side and avirulent trom the other 

side would he expected.. Tbat ls, a 2:1:1 ratio. 

In support of this hypothesis Green presented the following data: 

(1) In one ex.periment 37 51 progerw of which 24 were virulent 

and 13 avirulent wereobtained by transferring nectar f'rom one pycnium 

to another. Accord!ng to Green th1s observed ratio appraximated a 10:6 

expected ratio. 

1 
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1 2 

VEVrfD VEVEDd 

5 6 

V V Dd 
EE vEVEdd 

9 10 

VEvEDD VEvEDd 

13 14 

VEVEDd VEVEdd 

vD 
E 
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V v DD 
EE 
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VEvEDd 

11 

vEvEDD 

15 

1!EvE
Dd 

.---------------

vd 
E 

~ 

V v Dd 
EE 

8 

V v dd 
EE 

12 

vEvEDd 

16 

v v dd 
EE 

Fig. 12. Diagram trom Green (1965b. Fig. 1) illustrating 

the derivation of a 10 virulent : 6 avirulent ratio. VE i8 a 

dominant gene for virulenCes D is a dominant gene which, acting 

with the maternaI cytoplasm. makes the recessive gene vE (for aviru

lence) dominant when both D and vE oceur in the same monokaryotic 

infection. Rec1procal SI progel\V in ce11 Nos. l, 2. 4. 5, 6, 8. 13 t 

and 14 are virulent !rom both sides, those in ce11 Nos. 11, 12. 15, 

and 16 are avirulent !rom both sides, and those in ceU Nos. 3. 7, 

9, and 10 are virulent trom one side and avirl11ent trom the other. 

l~ 
1 
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(2) In another experiment reciprocal progeny were obtained trom 

15 crosses of which 6 pairs produced virulent cultures from both sides, 

:; pairs aviruleIIt. cultures trom both sides and 6 pairs virulent from 

one side and avirul.errl:. from the other side.. The observed ratio was 

shown to agree with a 2: 1: 1 expected ratioe 

(3) In the third experiment. pycnia were selfed by mass nectaro 

After the development of aec1a the cultures were established from 18 

aecial clusters of which 9 produced o~ virulent cultures, 5 only 

aviruleIIt. cultures and 4 both virulent and avirulent cultures.. The 

observed ratio also ws shown to fit a 2:i:l ratio. 

(4) In the fourth experiment a seoond culture of race 6A was 

selfed by transferring nectar trom one pycnium to another. A total of 

32 cultures were obtained of which 23 were "virulent and loi~lent, 

approximating a 2: 1: 1 ratioe 

Green explained the observed segregation by a Mendelian ratio. 

The fact that the reciprocal Fl hybrids involving race 6A with other 

races. and the reciprocal 51 progel\Y of ra.ce 6.A differed in pathogenicity 

is suggestive of non-Mendelian inheritance. However. Green' s data may 

not he sufficient to determ1ne the kind of inheritance involved. There 

are well-documenl:.ed cases where one side of the crosses shows segregation, 

Mendelian or non-Mendelian and the other side no segregation (e.g. the 

male sterUity in f'lax or the CO2 sensitivity character in a stram of 

Drosophila melanogaster respective~) or one side shows Mendelian 
o 

segregation arad the other side non-Mendelian segregation (e.g. the ~ap 

character m!!!~) (Caspari. 1948: J1nks. 1964; Whiteh!5use. 1965). 
Hte. 

The lines of investigation to be followed m -&- situation encountered by 

1 
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Green have bean prescribed or reviewed by various workers such as 

Caspari (1948), Bhan (1964) t Jinks (1964) t Srb et al. (196S) &nd 

'Whitehouse (196S). 

Green's genetic model explaining a 10 viru1ent : 6 aviruJ.ent 

expected ratio, in lI\V opinion, 1s not geneticaJ.1y soundo On the basis 

of this ~othesis the character concerned should be com,rolied not by 

the genotype of the farlilization product but by the genotype of the 

female gamete and the materna1 cytoplasm. In Fig. 12 although the 

cultures in ceU Nos. 4, 7 D 10 and 13 wouJ.d possess the saroe genotype, 

those in celi Nos. 4 and 13 should he virulent !rom both sides and those 

in cali Nos. 7 and 10 virulent trom one aide and avirul.ent trom the 

other. or the two dominant genes, VE àhd Dt the gene VE exe1!C~ses its 

control when present in either the maJ.e or femal.e gamete. acting as a 

simple Mendel1an dominant t whlle D inter-acts with the materna1 cyto-

plasm to render the recessive gene vE for av1ruJ.ence dominant over its 

normal dominant alleJ.e (VE) for virulence. In other words virulence 

ia norma~ dominant over avirulence, bu.t when gene D is present in the 

maternaJ. gamete avirul.ence ia dominant. It ia of interest that Green 

cited o~ literature d.ealing with inheritance ot resistance and of 

pathogenicity. He gave no indication that he had conaidered other 

explanations for bis observationft based on concepts in other fields of 

genetics. 

Johnson 

Johnsonts (1949) studies of pathogenicity in crosses between oat 

stem rust races 7 and 11 on oat varieties White Tartar and RichJ.a:nd J.ed 

him to conclude that av1rulence in each variety Wét.S governed by a 

-
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dif'ferent pair of complementary genes. According to Green (196.5b) how

ever, pathogenicity on these varieties i8 controlled by single ganes. 

Green also eited the work of some other workers whieh suggested that 

rust rssistanee in these varieties is governed by single genes. 

If resistanee i8 governed by a single gens then on the hasis of 

a gen(El-for-gene relationship pathogenicity also should he governed by a 

single gene. Johnson tested 8.5 F2 cultures from one F1 of which 34 

were virulent on White Tartar and 32 on Riehland. To differentiate be-

tween a 3:1 and a 9:7 ratio 95 individuals are required. of whieh 32 or 

fewer (.).:1 = 3108) recessive will deeide in favour of a 3:1 ratio whUe 

33 or more will indicate a 9:7 ratio (Ba1ley, 1961)0 In Johnson's 

experiment. there were enough reeessive individuals (34 reeessives) on 

White Tartar to eonelude that pathogenieity on this variety is governed 

by a pair of eomplemerItary ganes. On Richland. with a population of 8,5 

2 
the observed ratio showed a poor fit (X = 7.25) to a 3:1 ratio but 

good fit (X
2 = 1.29) to a 9:7 ratio. It is thus reasonable to eonclude 

that pathogenicity on Ricbland i8 also governed by a pair of eomplementary 

genes. 

If' resistance i8 determined by a single gens (host genetics were 

not under consideration in Johnson's investigations) then a8suming the 

existence of a gene-for-gene system monogenie control of pathogenicity 

as suggested by Green 8eems to be like~. If this ls so then Johnson's 

ratios mst be considered erroneous and attributed to sampling error. 

Johnson selted the Fl cultures by applying m::\ss nectar but be cil1d 

not mention whether he had taken into consideration the minimum progeny 

sue required at the tbree critical stages meZItioned aboya. The progel\V 

~I r is the number of reeessives oceurring in a family of size n which 

wUl leave bot:.h 3:1 and 9:7 hypotheses equa~ like4r (Mather, 19.57) • 

. .. _._-. _ .. _=--._-
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ratios obtained by Johnson may have been spurious and caused by inadequate 

samp1e size. 

The possibUity that Johnson's results were afi'ected by samp1ing 

error i8 strengtihened by his data on inheritance of urediospore c010ur 

which were obtained !rom the same popuJ.ation as those on the i.ri11.eritance 

of pathogenicity on White Tartar and Riehland. Johnson obtained tt-ro sets 

of F
2 

data and one set of F3 data on urediospore c010ur. The first 

comprised 85 F2 cultures which were the SatJ'l.e as those studied for 

inheritance of pathogenicity. The second inc1ud.ed 270 F 2 uredia1 

cultures which originated !rom the counts of red and orange uredia on 

oat seedlings inoculated by mass collections of the F2 aeciospores. In 

both sets of data, a1though the population sizes ware adequate to test 

for a 3:1 ratio, the observed ratios showed poor rits to a 3:1 ratio (see 

Tab1e 2 of Johnson, 19'-1-9). The third set of data comprising 68 aecia ws 

obtained i'rom seJ.fing one F 2 cul.ture and it showed good agreement with a 

3:1 ratio. 

Loegering and Powers t and Wllli 8 mB et a1. 

Loegering and Powers (1962) studied the inheritance oi' pathogenicity 

in a cross bet'tveen wheat stem rust races III (culture 111-55A) and 36 

(culture 36-55A) on severaJ. difi'ereDtials. This discussion will he 

confined to the inheritance of pathogenicity on two varieties Marquis 

and Reliance. Race li1 is avirulent on these varieties and race 36 

virulent. Results !rom tests of 108 F2 cultures 1ed Loegering and Powers 

to conc1ude the avirulence of race 1ll on varieties Marquis and Reliance 

to be controlled by t'tro (12:3:1 ratio) and three (48:12:3:1 ratio) 

domina.nt independent genes respective~. 

1 
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Loegering and Povrers made crosses between races l.l.l and :36 but did 

not mention the homozygosity of' the parent races. In a previous study 

Wilcoxson ar.d pabaria(1958) showed a culture of race 111 to be heter-

ozygous for pathogenicity on the sante test varieties. Loegering and 

Powers O culture eould be differem and homozygous but such an assumption 

vlould not be legitimate unless it was shown experimenta~.. 'l'bis being 

a cross-fertilizing species there is ever,y possibility that a culture, 

especia1.4r an avirulerIt one. v10uld be heterozygous. 

According to Loegering and Powers the 108 F 2 cultures were obtained 

"over a period of several months", i.e. in several experimerxts. The 

gametic population in each experiment was therefore inadequate to avoid 

sampl1ng errors. As stated before in reference to Greenos (1966) study'. 

although Loegering and Powers' conclusion may he right, theoretica1~ 

it would he inappropriate to draw a:rrg conclusion based on tests with small 

sampleso 

Furthermore, a proger.w size of 108 F 2 cultures is not enough to 

test a three-f'actor b;rpothesis because 1t requires ~.s F 2 to dii'ferentiate 

between a two- and a three-factor l\vpothesis.,Y Loegering and Powers 

ana~ed the data for a three-factor ~othesis by using the X2 test for 

goodness-of-fit. The use of' this test here is questionable because the 

theol'etical frequeney in the smaller class was less than 5 (Smith. 19.54. 

p.624J Srb et al., 1965, p.57). 

Williams, Gough, and Rondon (1966) reinvestigated the inheritance 

of pathogenicity in the cross race lU (1ll-55A) x race :36 06-55A) 

using the sarna F 2 cultures as studied by Loegering and Powers (1962). 

1/ Ca1culated by using the formula given by Mather (1957) 

1 
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Their study was initiated because of an apparent. disagreement. between 

the results reporled by Loegering and Powers on :inheritance of aviru

lence of culture 111-5.5A on Marquis and Rellance and those reported by 

Rondon et al. and Berg et al. (see Williams et al., 1966) on inheritance 

of resistance in Marquis and Reliance to culture 111-882 of the satne 

race. Loegering and Powers (1962), on the hasis of the inheritance of 

pathogenicity in culture 1ll-55A and assuming a gene-for-gene relation

ship in lvheat and weat stem rust, postu1ated that resistance in 

Marquis and Reliance should be governed by two and three dominant genes 

re spective~. . HO'tV6ver, in later studies Rondon et al. and Berg et al. 

(see Williams et al., 1966) found that Marquis and Reliance both 

possess three dominant. genes for resistance to culture 111-882. 

Williams et al. (1966) tested 103 of the 108 FZ cultures studied 

by Loegering and Powers (1962). These cultures were tested on Marquis 

and Reliance and on six monoganic lines. Three of the six monogenic 

lines, Mq-A, Mq-B, and Mq-C, each carrying a ditferent gene for 

resistance to culture 1ll-SS2, were derived trom Marquis and three, 

RI-A, RI-B, and RI-C, each carrying a different gene for resistance to 

the sarne culture, trom Reliance. From this study Williams et al. 

reporled that their results were in agreement with the findings of 

Loegering and Powers. They also stated that the disagreement between 

the results of Loegering and Powers on the inheritance of avirulence in 

culture 111-55A on Marquis and those of Rondon et al. and Berg et al. on 

the inheritance of resistanca in Marquis to culture 111-552 could he 

explained by the fact that, of the tbree ganes conditioning resistance 

in Marquis to culture 1ll-SS2, one was not effective against culture 

lll-55A. 

..:;",;,... .. ,. 
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Williams et al. reported that with respect to culture lll-SSA 

the number of dominant genes for avirulence on Marquis and Rel1ance did 

not correspond with that on the monogenic lines, supposedly carr.ying 

the same genes for resistance as in Marquis and Reliance. On }1arquis 

and Reliance the avirulence of culture ll1-5SA 1s controlled by two and 

three dominant genes respective~ but on the monoganic lines Mq-C and 

RI-C the avirulence ~ms conditioned by a single recess1ve gene and the 

locus :involved was dasignated Arl-3. That 1s. the gene for avirulence 

at the Arl-3 locus behaved llke a dominant gene in tests with Marquis 

and Reliance but recess1ve in tests with the monogenic lines Mq-C and 

RI-C. Williams et al .. explained these results by saying that sinee 

both Marquis and Relianee possess additional genes for resistance. the 

genotype of the host appeared to affect the dominance at the Arl-3 locus. 

In II\V opinion, since avirulence on Mq-C and RI-C was conditioned 

by a reeessive gene t a recessive gene should also be present in the 

genotype of Marquis and Reliance. The diserepancy of the se results may 

he explained by the fact that intermediate infection types in sorne FZ 

cultures wera apparent4r misclassified by both Loegering and Powers, 

and Williams et al. This 1s evident f'rom a eomparison of the pathogen

iei:ty data of Loegering and Powers and Williams et al. For examp1e t on 

Marquis t with a population of 108 F 2 cultures Loegering and Powera round 

7 virulent cultures whereas with 103 of the same 108 cu1tures WUl1ams 

et al. reported li virulent cultures. On Relianee Loegering and Powers 

round two virulent cultures whereas Williams et al. round one virulent. 

culture. This misclassification may- invalidate the ratios 12:3:1 and 

48:12:3:1 postulated on Marquis and Reliance respective~ by Loegering 

...... '. 
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and pmœrs and Willia.'1ls et ai. If' the cultures had been correct~ class

if'ied the ratios on Marquis and Reliance might have been 13:3 and 61:3 

respectively indicating avirulence on Vi8.I'quis and Re11ance to he 

conditioned by two avirulence genes, one dominant and one recessive, and 

by three avirulence genes t two dominant and one recessive respective~ 0 

Since avirulence on the monogenic lines Mq-C and RI-C was recessive, 

assuming a complementary interaction of host and pathogen genes the 

resistance in the monogenic lines should he controIled by recessive genes 

for res1stance. If this is so, the discrepancy in the results cou.1d be 

explained by assuming that either the recessive genes for resistance in 

Marquis and Reliance were not effective against culture 111-552, or that 

the atudies of Rondon et al. and Berg et al. failed to detect the 

presence of recessive genes for resistance. 

LuiS and Watson 

Luig and Watson (1961) conducted investigations on the inheritance 

of pathogenicity by selfing atrain 21 Anz. 2 of Pu.ccinia graudnis var. 

tritici. A total of 285 Sl cultures were tested on 23 differentialso 

All but one culture were virulent on three varieties and aIl were 

avirulent on two. On the remaining varieties the progezv segregated. 

From this atudy Luig and Watson concluded that on some differentials 

virul.enee seemed to he inherited in a M~ndelian i'ashion but on others 

the mode of inheritance wes difficult to explain. They suggested that 

their results indicated a gene-for-gene relationship on some varieties 

but not on others. 

Luig and Watson grouped the 285 51 cu.1tures into 37 atrains based 

on pathogenicity on 23 dif'ferentials and used these 37 atrains as 37 Sl 
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progeJW to calcu1ate genetic ratios. They did not justifY this method 

of analysis, 'to1hich may be invalide In genetie analysis one must use 

actual numbers of proge:r:w and not the number of strains. The number of 

proge:r:w obtained in any experiment is a definite figure, not subject to 

manipulation. The number of strains can be increased or decreased by 

mere~ adding or subtraeting some varieties !rom a set of differentials. 

Thair whole population of 285 cultures might just as easily have been 

grouped iIIto t'Wo strains if' they had used one differential, four strains 

on t'Wo differentials. etc. t rmmbers obviously inadequate for· working 

out ratios .. 

It is possible that had they used the actual nwnber of ~ progeJW 

they might. have obtained different ratios. Thèy sel!ed the pycnial 

population by app~g mass nectar but did not mention the sample sizes 

they used at the three critical stages of this method of selfing. 

Their results therefore could also have been affected by sampling errors. 

Samborski 

Samborski (1963) investigated the inheritance of pathogenicity in 

a culture of Puceinia recondita f. sp. tritici on variety Transfer. 

This culture, 46-60, originated !rom a single uredial pustule classed 

as infection type 1+ on Transfero The pyenia were selted by app~ng 

mss nectar. Samborski' s results obtained from tests of the 51 

cultures are shown below: 

Culture 

Parent t 46-60 

Sl progeny 

" 
Il 

No. of cultures 

25 

51 
25 

Infection types 



-150-

The parent and two of the 51 cultures, one aviru1ent (infection 

type 0; on Transfer) and one virulent (infection type 4 on Transfer) 

were tested further on AegUops umbellulata, the source of resistance 

in Transfer, and other varieties carrying the resistance of Transfero 

From these studies 5amborski concluded that the parent culture 1ms 

heterozygous for pathogenicity with virulence incompletely dominant, 

and that it""originated by spontaneous mutation. He designated the 

genotypes of the parent. and the t't'l10 51 cultures tested on various 

lines carrying the resistance of Transfer as follows: 

Parent t 46-60 

Virulent. 46-60-20 

Avirulant. 46-60-2 

Pp 

pp 

pp 

Samborski' s interpretation seems to be contrary to his results 

and to the concept of a spomaneous mutation. According to the system 

of classif'ying host-parasite interactions in rust fungi established 

by staknlan et al. (1944, 1962) for wheat stem rust and J ohnston and 

Lavine (1955) for wheat leaf rust the 102 51 cultures on Transfer 

should have been classified as follows: 76 cultures avirulent (25 

cultures infection type 0; and 51 infection type 1- to 1+) and 25 

cultures virulent (infection type 4). This would approximate a ratio 

of :3 avirulent to 3. virulent inClicating avirulence to he controlled by 

a single domirlant gene. On this basis the genot~s of virulent. 

46-60-20. and avirulent. 46-60-2, would be the opposite to that 

assigned by Samborski. 1. e. the virulent. 46-60-20. and the avirulent. 

46-60-2 cultures should be label1ed as pp and pp respective~y. This 

interpretation wouldthen a180 agree with the concept that spomaneous 

-- - ---'-~_. -'--~--~ "1--'-- .~ 
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l1I\ltations. as a rule. are recessive (Mttntzing, 1961). 

Flangas and Dickson 

Flangas and Dickson (196la. 1961b) conducted a genetie ana~sis 

of pathogenieity and antigen specificity of four heterozygous uredial 

clones of Puccinia sorghi on six maize lines.. This discussion is 

concerned onlY with the inheritance of pathogenicity inE. sorghi. 

Flangas and Dickson tested a total of 28.5 subcultures derived !rom 

three generations of inbreeding offour original clones and 92 qybrids 

derived from crosses between lines of selected pathogenic types of 

sibling and non-sibling pedigree. From tbis study they concluded tbat 

both the selfed and the bybrid progeqy showed a range of pathogenicity 

indicating an indeterminate nature of inheritance with a continuous 

potential for variation and commeDted as folloHs (Flangas and Dickson, 

1961b, p .. 2.54): 

''l'he data on inheritance of pathogenicity • • • in the 
dicaryon of!. sorghi indicate a complex genic mechanism not resoluble 
by the application of simple Mendelian concepts alone. • • • The 
use of the genetic linkage map of the pathogenic genotype is impractical 
in these diearyotie t obligate parasites: therefore, immunochemical and 
biochemical methods must he deve10ped to explore the magnitude. 
structure, and function of the pathogenie locus in!!. sorghi and the Rp 
locus in the host." 

Aecording to' Flangas and Diekson, their results cannot he inter-

preted in simple Mendelian terms and they looked for an expla.nation !rom 

the work on biochemica1 mutants where a. complex genetie meehanism has 

heen postulated. That concept, as far as the genetie an~sis is 

coneerned. is based on the size of a segregating population that can he 

analyzed for detection of recombinants. With certain microorganisms 

selective techniques are available which permit the screening of marw 

millions of offspring with ease (Sager and Ryan, 1961). Aocording to 

.~. 
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Pontecorvo and Ropar (1956) with some of these techniques it is feasible 
. 8 

t,o ana~e the number of products of meiosis in the order of 10 in one 

experimant. Similar studies are not practicable with bigher organisms 

because of the difficulty of handling the population size required 

(Nelson, 1959). Flangas and Dickson's data show that the average 

number of progeny tested per mother culture in each generation of self-

ing varied from 5 to 49 in the first, 5 to 16 in the second and 8 to 9 

in the third (see column ct s of Table 21.). Such population sizes are 

not sufficient to test even a single-factor ~othesis, let alone a 

more complex'genetic s,ystem. 

Flangas and Dickson's results seem to be explainable by a simple 

and well-documenl:.ed genetic concept which they appear to have over

looked. From the description of their results (see Flangas and Dickson, 

1961a) the gene controlling pathogenicity in the clones of!. sorghi 

seems to show incomplete penetrance. The nature of gene penetrance and 

expressivity has been described by Srb and Owen (1955. p.,3Q3) as follows: 

liA charac"teristic that seems to depend fair~ regularly on a 
simple,dominant gene, so that it is transmitted from one individual to 
another. generation aft.er generatioD, May occasiona~ "skip" a genera
tion, and be transmitted by an individual who carries the gene but does 
not evidence it phenotypical:q-. Or, phenotypic expression m8.y he so 
variable, from one individual to another t as not to look like a single 
characteristic at alla • • • probably variations in penetrance and 
expressivity result from modif'ying genes, varying from one group and 
from one individusl to another, and from fluctuations in the external 
and internal environmem. It is usually difficult to identii'y these 
sources of variation concrete:q- in any particular instance." 

The description given by Flangas and Dickson (196la) ôf the 

changes in pathogenicity of the sel:red and hybrid progeny of,E. sorghi 

seems to agree with the description of Srb and Owen of a character con-

trolled by a gene which has reduced penetrance. 

-- , 
--- ;.-:-" 
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TABlE 21. NUM8ER OF SELFED CULTURES TESTED IN THREE 

SUCCESSIVE GENERATIONS 

Original First Second Third 
culture generation generation generation 

A B C A 
11 

B C A B C 

1-20- 49 49 5 43 9 4 35 9 

2-2-#1 27 27 1 11 11 4 31 8 

3-3,).1 l.5 15 3 48 16 

4-1!!/ . 5_ 5 1 5 5 2 16 8 

1:1 t !:o/ t J./. '1./. Condensed from tables 3, 4, 5. 6 respectively. 

Flangas and Dickson, 1961a. 

A, number of mother cultures selfed. 

B. total. number of selfed progen,y tested in a generation. 

C, average number of selted progen,y tested :in a generation from each 

mother culture. The munbers were obta:ined by dividing the 

numbers shawn :in Column B by the corresponding ones shawn in 

Co1umn A. 

~~ 

'" 
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PART !!lo 

MEmIODS OF SELFlNG F, CULTURES AND 

INTERPREl'ING GENEl'IC DATA IN RUsr FtJNGI 

INTRODUCTION 

Progress in genetic studies of pathogenicity in rust fungi 1s 

hampered by t't-Jo main problemso The first 1s the uncertain and errat1e 

germination of tel1ospores, so tbat the sexual stage need.ed for self-

mg and crossing often. cannat he obtained. The second main problem 

concerne differences in procedures of selfing employed by varioe 

workers. 

Essential.ly. two methods of selfing bave been employed wh1ch 

have already been mentioned under methods and materials in Part l 

(Ruat genetics). One may be termed the reciprocal or pairing method: 

Spermat1a. trom one pyenium are transf'erred to anothero Union of male 

and femal.e gametes will. take place prov1ded they are of opposite 

mating type. This method was used by Flor (1942, 1946. 19S5. 19.56) 

and subaequent.ly. by several other workers. 

The second. or pooled nectar method, involves bulking spermatia 

trom several pycnia and applying the aggregate ta the pycnia from 

which it was collected. The progerw cultures are established e1ther 

trom randolliq selected individual aecial cups or rand~ sel.ected 

indiV1dual. uredial pustules ar1sing trom inoeulation with the mass 

aec1ospores of a elUBter. In the latter 1t 1s assumed that a single 

uredium arises trom the increase of a single aeciospore. This method 

was followed by Johnson and his associates (Newton and Johnson, 1932; 



( 

c' 

-lS5-

Johnson. 19.54), f.md several other workers, inc1uding Vakili (19.58). 

Luig and Watson (1961), Zimmer (1961) t Samborski (1963) and Green (1964, 

196.5b, 1966). VakU1 employed ori4r one progeqv culture par aecia1 

cluster ~ep:pzasented by a single uredia1 pustuleo Samborski obtained 

five single pustule uredial cultures per aecial clustero Green (1964) 

established trup to 10n progelW' cultures per aecia1 c1uster.. From this 

it appears that there is no uniformity in the number o~ cultures taken 

!rom each clustero 

It is reasonable to expect that differences in procedures of 

selfing and crossing. and the effects of sampling error introduced by 

the use of small samples will affect the resul.ts and ~ give rise to 

misleading conclusions. This bas been emphasized by Dr. Clayton 
. h.o.lè. t,'IIt. 

Pers on (Persona1 Communication). The n10tive eftectiveness of the 

pairmg and pooled nectar methods may he ex.am1ned for points at which 

sampling error ma.y occur. 

The problem will be discussed and illustrated by some simple 

genetica1 situations. assundng tbat no ~ge exists between mating 

type and the, ganes for pathogenicity. 

Re ci pro cal or pairing method 

The reciprocal or pairing metbod of _'.selfing 1s comparable to tbat 

used in h1gher pl..ants except that the union of t.he gametes (pycnia) 1s 

arranged tbrough experimenta1 manipulation. It is therefore necessary 

to includ.e a population large enough to ensure a represem.ative sample 

of gametes and to produce an adequate nwnber of F2 cultures to permit 

differentiation between critical ratios. The progeqv size can be 

considered onq in terms ot the number ot successful pairings. Be cause 
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there are two mating types, theoreticalq 5($ ot the matins;{will. be 

unsuccessf'ul. and soma may tail due to various other reasons, such as 

faulty manipulation techniques. If the nwnber of gametes is large 

enough to ignore the effects ot samp1iDg error, then the fér.nulae and. 

the procedures for caleulating various f~ sizes given by Mather 

(1957) for t'tro-class segregation ratios.' (see al80 Hanson, 1959 and 

Ba1ley 1) 1961) and by Seyftert (1962) for two or more tban two-class 

segregation ratios may he used. 

The question of g9metic m:unbers and sampling. errer cannot be 

direct13 answrad. In a given genetica1 situation, aver a range of 

gamete rmmbers. the probabUity distributions for the progeny geno

t~es could he ca1culated. Compa.rlsons among distributions m1ght 

then indicat~ the point at which sampling error, ilItroduced by the 

f1nlte number of gametes. could be e:UectlvelJ ignored. At this 

point normal statlstica.l procedures which assume an infiniteq l.arge 

number of male gametes. could be applied. 

Lat us assume for the moment. that sampling error due to small 

gamete nwnber may be ignored. Values to distinguish between a few 

simple two-class segregation ratios, as calculated by Mather's (1957) 

formula, are given in Tabla 22. Some values for two-class segrega-

tion ratios can be found in Hanson's paper (1959). 

The pooled nectar method 

Genetic ratios can be calculated in two ways: (1) By establish-

ing a certain number of progel\V cultures f'rom each of a number ot 

aecial clnsters and adding them together. This would give an F2 ratio. 

(11) By datermining the proportions of segregating and non-segregating 

" 
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TABLE 228 MINJMUM FAMILY SIm REQUIRED TO DIFFERENl'IAi'E 

BErWEEN TWO LlMl1'ING SEGREGATION RATIOS. 

Ratios to be dif.terentiated 
Probability 

3:1/13:3 3:1/9:7 3:1/15:1 l5:l/63"l 

005 470 67 35 165 

.025 667 95 50 235 

.02 949 133 71 330 

.01 1152 163 86 405 

Ratios to œ differentiated 
ProbabUity 

C) l:1/3:1 3:1/7:l. 7:l/15:1 

.05 38 10l 226 

.02,5 54 l~ 323 

.02 76 20,3 455 

.Ol 106 248 558 

o 
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aecial clusters and the proportions of segregations with1n indiv1dual 

clusters. The ratio obtained would be comparable to backcross data 

in genetie studies with higher plants. The first wil.l be termed ''the 

determination of F 2 ratios from the pooled nectar method" and the 

second "the determination of lllbackcrossl'> ratios trom the pooled nectar 

method." 

Determination of F2 ratios trom the 'pooled nectar method 

As marItioned before, the data obtained by tbis method weuld be 

comparable ta F2 data obtained with the reciprocal method. Howevero 

unlilœ the reciprocal method mere sampling error can occur onl;r at 

one point. with the pooled nectar method sampling error can oceur at 

several points, nameq, (i) the nwnber of pycnia to be utUized in inter

mixing the nectar, (11) if the pooled nectar is not thoroughq inter

mixed, (iii) the nwnber of aecial. cl.usters to be investigated, (iv) the 

selection of the basic unit constituting a prgge~. culture: a single 

aecial eup (or a single aeciospore par aecial cup); or a randoml;r 

selected single uredial pustule (or a single urediospore par uredium) 

represeuting a single rando~ selecti;ld aeciospore (derived from the 

inoculation of plants with mass aeciospores of a cluster). 

For the above reasons, when a genetic bypothesis is ta be tested 

by F 2 data obtained from the pooled nectar method and when the sample 

saes per aecial cluster are limited. it may be necessary ta obtain 

several F2 ratios trom the same aecial cluster population (by drawing 

several samples par aecial cluster and treating . each sample as belong

ing ta a separate F2 famiq) and ta measure the consistency of the F2 

ratios by the heterogenicity X2• If the heterogenicity X2 is significant 

-
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then the whole experimant and its technique is suspect (Mather, 19.57}o 

Altornativeq. assum.i.ng tbat the protoaecial nuclei (temale gametes) 

have been f'ertilized by a large sample ot spermatia (male gametes) 

rand~. a large number t>t cultures may be taken :t'rom each member of 

an adequate aecial cluster population and they may he added together to 

determina an F 2 ratio.. This inay involve handlmg an impractica~ large 

rmmber of cultureso 

Determination ot "backcrossCl ratios from the pooled nectar mathod 

The basis of determining a "backcrossu ratio trom segregation 

ratios between and witbin c1usters 1s shawn diagramatica~ in Figo lJ 

for four F2 ratios, 3:1. l.3:3. 9:7 and 15:1. The expected ratios ot 

segregating to non-segregating clusters i.eo the axpected backcross 

ratios corresponding to the F2 ratios 3:1. l3:3. 9a'( and l.5:1 are 1:1, 

1:1. 3:1 and 1:3. Thus three of the four F2 ratios, 3:1, 9:7, 15:1, can 

be eas~ distingu1shed. The F 2 ratios 3: 1 and 13:3 can be dif'ferenMated 

by the tact tbat when a 3:1 ratio oceurs expected segregation within a 

c1uster woul;d· be 1: 1. With a l.3:3 F 2 ratio, balf the segregat:lng clusters 

would yie1d a 1:1 ratio and half a 3:1 (haploid) ratio. If one 

segregating cluster can be shawn to yield a 3: 1 (haploid) ratio, this 

immediate~ separates a 13:3 F2 ratio :t'rom a 3:1 F2 ratio. 

The rmmber of aecial clusters to be investigated may be calcalated 

b,y using Mather' s formtlla as betore t prov1ded that the aecia1 clusters 

developed :t'rom a represemative sample of pycnia and the protoaecia1 

llIlclei {f'emale gametes} were fertUized by a large number of spermatia. 

Values to distingu1sh between a few simple critical ratios are shmm in 

Table 22. 

_ .. -_ ......... __ ._---_._-_.-_ .•. _ .• __ ... _.---._. _._._--_ .. 
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Gênotypes or 6û1ked Proportion proportion ol 
F Recipient spermatia or segregation 

ratio 12zcnia segregation within 
Propor- GenQ- . Genotypes of aeciospores ~tween aecial 
tion type aecia1 c1usters c1usters 

~/ a 

1/2 .J/ 2./ 
AA AB. 1/2 Non-seg. Non-sego 

3:1 s/ ~/ 6/ 
1/2 a Aa aa 1/2 Sego- 1 avio : 1 vi': 

Ji Ab aB ab 

1/4. AJfo/ .AABB AABb AaBB AaBb 1/4 Non-seg. Non-seg • 

1/4 Ab AABb AAbb AaBb Aabb 1/4 Non-seg. Non-seg. 

13:3 1/4 aB AaBB AaBb aaBB aaBb 1/4 Seg. lavi. : 1 vi. 

C) 1/4 ab AaBb Aabb aaBb aabb 1/4 Seg. 3 avi. . 1 n. 0 

p;r)./ Ab aB ab 1 
1/4 ~/ MBB AABb AaBB AaBb 1/4 Non-seg. Non-seg. 

1/4 Ab AABb AAbb AaBb Aabb 1/4 &eg. 1 avi. : 1 vi. 
9:7 

1/4 aB AaBB AaBb aaBB aaBb 1/4 Seg. 1 avi. : 1 vi; 

1/4 ab Aa.Bb Aabb aaBb aabb 1/4 Sag. 1 avi. : 3 vi. 

Fig. 13 - colItil'lUed on page 161 

o 
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Genotypes of bulked Proportion Proportion of 
Recipient spermatia of segregation 

F Elcma segregation within 
rat~o Propor- Geno- Genotypes of aeciospores between aecial 

1.5:1 

11 
Y 

li 
!!/ 
2./ 

§/ 

tion type aecial c1usters clusters 
4/ 

AIr Ab aB ab 

114 d!1 AABB AABb AaBB AaBb 1/4 Non-sag. Non-sego 

1/4 Ab AABb Mbb AaBb Aabb 1/4 Non-sego Non-sego 

1/4 aB .AaBB AaBb aaBB aaBb 1/4 Non-seg. Non-sego 

1/4 ab Aa.Bb Aabb aa.Bb aabb 1/4 Sage :3 avio : 1 vi. 

A, a dominant gens for avirulence. 

A and B. dominant ganss for avirulence and virulence respeetiveq: 

A epistatic to B. 

A and B, a pair of complemerItary genes for avirulence. 

A and B, duplicata genes for avirulence. 

Non-sag •• non-segragatinga Sego. segregating. 

avi.. avirulent; vi.. virulent. 

Fig. 1;3. Theoretical. expeetation of 

segregation between and within 

aecia1 c1U8ters. 

-

1 



:c' 

· - .. _ .. --------_._-_ ..... _ ... _. _. --""--'--"""-'--"-'.-_ .. _~ .. _.- .. - _.... ..- ------- ._. __ ._. - .. _--_._-_._--_._-- .. __ .. - ... _----~:\~ 

-162-

To determine the nwnber of progel\V cultures to he established par 

aecial c1uster in order to detect segregation. or to determine segrega

tion ratios within individua1 aecial clusters, it is necessary tirst to 

consider what should constitute a basic unit of a proger.w culture - a 

randoUÙ\V seleeted aeeia1 eup or a ra.ndo~ seleeted aeeiospore trom the 

aecial clustero [various 'Workers used either one or bath units (Johnson, 

1954; Green, 1964)0 ~'J'ith the latter method, a rando~ se1eeted 

uredial pustule arising from inoculation with mass aeeiospores of a 

c1uster ws generaJ.4r eonsidered a basic unit on the assumption that a 

single uredi\1ll1 or1g:1nates trom a. single aeciospore (~, 1935; Brown 

and Johnson, 1949: Vakili, 1958; Z1mmer. 1961; Zimmer. Scbafer. and 

Patterson. 1965; and elsewher~. Each aecial cup eomains numerous 

aeciospores presumab~ identica1 and supposedq originating !rom a 

common parent (Zimmer. 1961; Zimmer et al •• 196.,5). There is a possib

ility tbat sampling error mBy' be greater if rando~ selected aeciospores 

rather than aecial cups are used as the basic unit of a progeny culture. 

As a refined technique. a progel\V' culture may be established trom a 

single aeciospore par aeeial cup. If a rando~ selec'ted aecial cup (or 

an aeciospore par aecia.l. cup) can be considered as the basic unit D then. 

assuming the union of male and female gametes to he random, Table :3 of 

Mather (1.957) or Table :1 of Hanson (1959) may be used to determ1ne 

m1nimllm progel\V sue required to detect segregation within 1nd1vidual 

clusters. The sample size requ1red to determine segregation ratios with

in individual clusters would he the SaDIe as that enwnerated earl1er for 

the deterud.nation of segregation ratios between clusters. 

. ..." . 



c 

-163-

Detection of segregation within individ~ clusters would :involve 

handling a large number ot cultures. However, it may he possible to 

reduce the work considerabq if a somewhat dif'terent procedure were 

adopted. This would 1.nclude sele~ing aecial cups and establishing mono

aec1el cup cultures trom a cluster p and using massed aeciospores of the 

remaining cups in the cluster to 1noculate difterential varietieso (Ii 

the quant1ty of mass aeciospores 1s not sufficiel'Jt to inoculate aU 

dif'ferential varieties probably the f:Jrst generation uredial culture 

derived trom the inoculation of plants l'1ith mss aeciospores could be 

used). From the pathogenicity ot the mass culture it wc1,',:a bs possible 

to determine whether a cluster is segregating or non-segregat1.ng by the 

relative frequency of avirulent and virulent pustules on a resistant hosto 

In this way it May be possible to determ1ne segregation ratios between 

clusters and permit a distinction between most ot the critical ratios. 

for exa.mple, the F2 ratios 3:1, 15:1. 9:7 (seé Fig. 13). Further 

studies msy be carr1ed out with the cultures established trom individual 

aecial cups. 

To distinguish between a 3:1 and a 13:3 F2 ratio we need to deter

mine the proportional segregations within individual clusters (Fig. 13). 

For this we need to sample 6 to 7 segregating clusters to ensure 

inclusion of at least one segregating cluster which would yield a 3:l 

(haploid) ~t1.o (see Fig. 13 and then Hanson' sTable 1. 1959). A rougb 

est1.m9.tion of segregation ratios witbin individua1 cluBters may also be 

obta:ined s1mply by counting the proportions ot resistant and susceptible 

infection types on an appropriate resistant hosto 

r 
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DISCUSSION 

Two methods of selfing in ru~ füngi have been deseribed, of whieh 

one, 1.eo1l the reeiproeal method,wou1d give a straightforward F2 ratio. 

The ather, i.e. the pooled nectar mathod,woul.d yie1d an F2 or a "back

cross" ratio depanding on t-mether a ratio is determined t'rom pooied 

prog~ of an aeeia1 cluster population or trom segregation between and 

within clusters. 

If a genetie l\vpothesis ls to be tested simp~ !'rom an F2 ratio it 

may be advisable to emp10y the reciproca1 method of sel.fing rathar than 

the pooled nectar method. With the raciprocal method sampllng error can 

oecur olÙ\V at one point, i.eo , the number of pycnia inc1uded in the 

axperiment. A number of pycnia suffic1em. to parmit the establishment 

of an adequate number of F2 cul.tures, woul.d allow the raciproca1 method 

to ha s~eq used. Flor emp10yed this method and his data show that in 

most cases the observed ratio approximated to a ratio lvhich wou1d he 

expected on theoretical grounds. 

F2 ratios calculated trom the poo1ed nectar method of selfing may 

not be reliable becauae, as enumerated earlier. sampling error can occur 

at severa1 points. This may he avoic1ed by drawing a large number of 

cultw-es t'rom each c1uster of an aecia1 c1uster population which may he 

impracticable :t'rom the point of view of time and labour. ;"JOhnsOD,(l949). 

Luig and Watson (1961) and. Green (1964) determined F2 ratios using the 

pooled nectar method of selfing. This ~ be the main reason for their 

questionab1e rasul.ts. 

If a genetie b;ypothesis 18 to be tested with reasonable aecuraey 

it IIJÇ" he preferable to ca1culate ratio by the "backeross" method rather 

-
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than by the reciprocal method.. Because the reciprocal method would give 

on4r F 2 data. F 2 indi~,duals are often difficult to classity preciseq 

hecause of intermediate infection types. (This problem wes pointed out 

earlier when discussing the results of Loegering and Powers (1962) and 

those of W"liams et al. (1966) who tested the pathogenicity of the Sc.'UD.e 

F2 Cultures). In such esses it becomes necessar,y te identif.y the gene

types of the F 2' s by growing FJ familles.. Due to the difficu1ty of 

inducing tella1 germination in soma rusts. such tests may he difficult 

or impossible. In these cases the use of the ubackcross" method may be 

extreme~ useful, because t.his method not o~ yields a "backcross" 

ratio (from the proportion of segregation between aecial c1usters) but 

serves the purpose of a prog9l'\V test (f'rom the segregation within 

individua1 clusters). It generally requires a large F2 population to 

d1:f.'ferentiate between some critical ratios, such as a J: 1 and a ]J:3 F 2 

but tbis may be done more econom1ca~ by using the "backcrossOt method. 

If a pycnial population can be fertUized by a sufficient rmmber 

of spermatia it may he. permiss:lble to ~gore the affects of sampling 

error for male gametes, and the Itbackcross" method would he satisfactory. 

The over-all number of cultures required for a test ~ be within the 

limits of feasibility if' the procedure outlined above can he followed. 
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PARr V 

DISCUSSION ON THE GENE-FOR-GENE HYPOTEESIS 

n~ HOST-PARASE'E SYSTEMS 

Since the gene-for-gene hypothesis 't-TaS proposed by Flor (1955) 

and elaborated by Person (19.59) it bas b~come the subject of a 

continuing but stimu1a.ting debate. It is reasonab1e to assume, as 

suggested by Flor (1955). that sucb obligate parasites as rust t and 

powdery mUdew and the near~ obligate smut fungi have evolved in 

association with their hosts. The host-parasite system is an integrated 

mIii!t.: the phenotypic expression of bath host and parasite results 

fromthe same biochemica1 reaction and they are measured by the same 

criterion. i.e. by :infection type. In this situation it seems that a 

gene-for-gene s,ystem would not o~ provide one of the more plausible 

explanations but it should be a necessar,y condition for the genetic 

control of resistance and of pathogenieity. 

Laubseher (1963) questioned the validity of extending the gene-

for-gens l\'vpothesis to wheat and wheat stem rust. His arguments were 

based on the following points: (1) Accorc11ng to the gene-for~gene 

theory there should be as many genes for resistance in the wheat plant 

as there are gelleS for pathogenicity in the rust fungus. However. the 

number of identified ganes for stem ruat resistance is relativeq small 

compared to the mnnber of physiologie races known. (2) Since a 

resistant plant ean be predisposed to become susceptible. this ''under

mines the theory' s basic tenet of a t eomplementarity of fit' as an 

essentiel to successful para sitism •• , He suggested that a more 

1 
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satisfactcry genetie theory would be that resistance genas may he 

regarded as regulator genes which repress the bios,yDthesis of some 
a 

metabilltes essential to particular biotypes of the parasite. The 

induction of suseeptibility by high temperature previous to infection 

may be due to the inactivation of repressor protein by the inductor 

metabolites which are formed in excess in the hast during exposure to 

high temperatureso 

The gene-for-gens ~othesis is based on classical genetie tests 

and it seems that it should remam so unless it can ha shawn that such 

tests are no longer valide The concept of regulator genes has been 

developed trom work on bacteria. According to Fincham and Day (1965) 

if it is true for bacteria it ma.y also be of some relevance for other 

organisms but there is ver,v l1ttle evidence as yet for its 

applicability to fungi. 

The fact that resistar.t. plants cao be predisposed to become 

susceptible in the absence of a pathogen does nct necessarilY contra

ctlct the gene-for-gene the ory. The phenotype of an organism is the 

consequence of an interaction between the genotype and environment. 

both of which are absolute~ necessary (Sinnot et al.. 1958). For 

e:xample. in sun red!2!!!!l!. which has the necessary genotype for 

anthocyanin pigment. the pigment i9 formed o~ in those parts of the 

plants which are exposed to sunlight (Whitehouse. 1965). Furthermore. 

the phenotype of an orgamsm at a given moment 15 nct o~ determined 

by the environment that prevails at that particular moment but also by 

the whole succession of environments which the organism has exper1enced 

during its lifetime (Simlct et al.. 1958). 

--
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Th.9 genetic da.ta prese:rIt.ed on sunflot<1er and sunflower ruat are in-

sufficient to make aqy comment on the existance of a gene-for-gene 

relat10nship in this host-parasite system. HovJever, in some instances, 

the results bave been explained by imToking this relationship assuming 

that if it 1s true with ether host-parasite systems it should he true 

ld.th this system al8o. On Morden 29 the Fl h.ybrids of MOst reciprocal 

crosses resembled the maternal parent but due ta the dii'fieulty of 

inducing tellal germination it was not possible to prove by appropriate 

fUrther crosses that these differences in the pathogenicity of the Fl 

bybrid were due to cytoplasmic factors. With the bost some circumstan-

tial evidence bas been presented to sbot'l that the reaction in Morden 29 

to the parent races may possib~ be governed b.r cytoplasmie factors. 

Such studies are easier to conduct with the host than with the mst. If 

the reaction in Morden 29 to the parent races is round. to be governed 

by the cytoplasmic factors in studies on hast genetics. and if tellal 

germination can he improved, it may be possible ta investigate the non

Mendelian aspect of the complementary relat10nsbip between host and 

parasite. 

Questions about some detalls in the gene-for-gene concept. 

Person (196.5, 1966)· indieated that genes for resistance in the 

hoat may be allelic or linked but that genss for virulence in the path-

ogen appear in general to be non-allelic and unllnked. This concept. 

like the gene-for-gane concept itself, 1s based large~ on FIor' s work. 

Flor (19.5.5. 19.56) reported that ganes for resistance in :nax occur as 

multiple alleles at five loci and some are linked but that genss for 

virulence in f'lax ruat appear to be non-allelic and unlinked. Moseman 

and co-workers (Mo seman , 1966) reported similar f'indings with barley 

l 
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and bar1ey powdery mildew, Erysiphe graminis hordei. However, l have not 

examined their data critically and therefore cannot comment on them. 

As indicated earlier in this thesis. l be1ieve that some of the 

host genes which Flor cal1ed alleles may be situated at dif'ferent loci 

and close~ linked in repulsion. It is also possible tbat some may be 

epistatic to others rather than a1lalic~ 

Flor used two appropriate races of rust to test the reactions of 

F2 host familieso If the observed segregation fitted a 2:1:1:0 ratio 

the resistance gene~ in the parent host varieties were assumed to he 

alle1ic. l belleve that proof of non-alle1ism in the pathogen would 

require crossing ot the t'Wo test races, and testing the rust proge~ on 

the t'l'l0 parent varieties used in crosses to domonstrate allelism in the 

hosto Non-allel1sm in the pathogen could be assumed if segrega.tion in 

the F2 rust cultures did not fit a 2:1:1:0 ratio. l have not seen aqy 

sncb evidence in Flor's work. f 

Since all genes in an a.llelic series occupy the same locus, they 

should show the same linkage relations with other ganes on the chromo

some (Hutt, 1964). A corollary of this, in nw opinion, should be that 

if one of the genes in an a11elic series acts against a specific locus 

of a pathogen then a11 other genes in tbe series should also act against 

the same locus in the pathogen. According to Person (1959, 1966) a gene-

for-gens correlation ls in fact a locus to locus relationship. If the 

resistance genes in flax are alleles and if there ls a gene-for-gene 

relationship in the flax and f'lax rust system. then in nu opinion the 

pathogenicity genes in the pathogen should also be a11e11c o Although 

Mode and Person both accept,ed Flor's statements on allel1sm. neither 

indicated if Flor's use of the term fits the classlcal defi.'>lition of 

-- 1 --
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allelism. Âr13" disagreement about the validity of the allelism in the 

host and non-allelism in the rust observed by Flor may bave a semantic 

rather than genetic basis. 

Mode (1958) used Flor's findings to develop a mathematical model 

showing tbat there mayexist dual systems of balanced po~orphism, one 

in the host population, the other :in the pathogen population, and that 

these might have provided the mecbanism for co-evolution of obligat~ 

parasites and their hosts. Person (1966) developed this concept furthero 

He considered the interdependence of an R (resistance) gene in the host 

and the relatéd-_V','(virulence) gene in the pathogen. When an R gene 

enters a host population :init1a~ it bas a high selective value 

because the f'requency of the related V gene :in the parasite is rare. 

The V gene however bas a corresponding~ high selective value. As its 

f'requency in the parasite increases & the selective value of the R gene 

in the host population is reduced progressive~, approachil'lg zero "men 

the V gene is present in aU parasitic individuals. The R gene now 

becomes useless and ia no longer kept at a high frequency through 

selection in the host population. As its frequency declines, the value 

of the related V gene is also reduced. Based on this idea. Person 

postulated a self-regulating system to explain the mecbanisms of inter

actions between related ganes in the host and parasite which would lead 

to the maintenance of balanced po~orphisms in the two irIteracting 

populat ions. 

The under4ring princlple of the concept of balanced po~orphism 

is the superiority of the heterozygote over both homozygotes so that a 

population will always be composed of both heterozygous and homozygous 

-
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individuals (Sinnot et al., 1958). The question is, does balanced po~-

morphism exist in the selr-fertilizing species such as wheat t barley D 

and flax? Mode assumed tbat these crops have evolved :from open

pollinated encestors and therefore 1t 1s possible that the genetic 

structure of these species has evolved for the MOst part under a system 

of random mating. Person (1966) poirIted out that in MOst inbreeding 

~tems a certain amount of outcrossing does occur which, although lC>t-1, 

introduces the poss1bility of maintaining an R gene po~orphismo 

The nen question is if there 1s arw evidence that whem a resist

ance geneis introduced in a selr-pollinated crop it can spread in the 

population through superior fitness of the heterozygote. I cannot find 

any data to support this. but the data from some ether sources :1.ndicate 

that there may be evidence to the contrary. 

In one stucW Suneson (1949) grew a mixture of four s imllarl\v 

adapted bar1ey varieties for 16 years and found that two of the 

component varieties became practica~ extinct. When grown in a pure 

stand one of these varieties had a significant~ better yield and leaf 

disease record than the others. wh1le the variety which dominated the 

mixture had the poorest leaf disease record and a Mean yie1d below the 

average for the population. In another study Sune son and stevens (1953) 

stud1ed six composite c:rosses of barley for 6 to 24 generations. From 

this they commented that "the common conception that disease-susceptible 

plants are readil,y eliminated from nWct.ures tbrough operation of the 

principle of survival of the fittest was not confirmed by these experi-

ments." If this is so, then Persorfs and Mode t s ~otheses of the 

1 
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existence of a self-regulating mechanism and balanced polymorphisms 

in the interacting populations of host and pathogen may not 

approximate what actua~ oceurs in the field. 

An important. assumption basic to their hypotheses is that 

the resistance ganes in the host are allelic and the genes for 

pathogenicity in the parasite are non-allelic. l believe that at 

least some of the host resistance genes Flor .says are allelie 

could be closely linked in repulsion. It could be argued tbat 

genes closeJ.;y- linked in repulsion may simulate a single locus 

system. l believe a1so that Flor bas not pJ;"oved conelusively that 

virulence genes in the rust are not a11elic. 

The discussion above is.not intended as a refutation of the 

hypothèses of Mode and Pers on. It is meant to emphasize that, 

although considerable work has been done on the genetics of host 

resi..crtance t there bave been too féw critical. genetic studies on 

the inheritance of virulence in the pathogen. The mechanical. 

diffieulties l bave encountered in ~ own studies, such as 

inabUity to induee germination of rust teliospores,. are typical 

of the difficulties which plague other investigators.. These will 

have to he overcome if' the inheritance of pathogenicity is to have 

a sound genetic basis. 

1 
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Allelism and linkage between some genes seem to be universal 

phenomena. They have been found in higher organisms, in bacteria, and 

even in obligate~ parasi~ic bacterial viruses ~tehouse, 1965). 

Thus t even though F'lor and Moseman may be correct in concluding that 

there 1s no allelism or linkage between pathogenicity genes in flax 

rust and in barley powdery mildew p will genetic studies 'tdth other path-

ogens eventua~ prove that these cases are exceptions rather than 

indicating a general rule1 

-..."..' ~. 
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SUMMARY 

An investigation was made into the inheritance of pathogenicity 

m sunflower rust, Pu.ccmia helianthi. and resistance in suni'lowers 1 

Helianthus annuus. During the course of this study a new method of 

inoculating 'V1ith urediospores, the multiple inoculation method, was 

developed which enables several rust isolates to be inoculated onto a 

single leaf. This makes it possible to compare reactions of "unknown" 

isolates with the fOUl~ test races on a single host genotype, thus over

coming the variability inhererIt in the host and making etudies on the 

genetics of host-parasite relationships more precise than vas possible 

with the routine method of inoculation. The technique liaS also found 

to work satisfacto~ with stem rust of wheat and it May prove use.ful 

for a wide variety of plants and Ieaf pathogens in the greenhouse and 

laboratory 0 

Attempts were made to produce germinative telia Wlder greenhouse 

conditions and in control1.ed environment chambers. A number of trials 

were conducted between the winter of 1961-1962 and the spring of 1965. 

Of the se , o~ four trials gave satisfactory telial germination. The 

results were not conclusive but indicated that under greenhouse 

conditions the time of year when plants are grown and inoculated may be 

critical. Two seasons, one in the fal1. (September to November) and 

the second in mid-spring (March to mid-April) t seemed MOst favourable 

for the production of germinative telia in the greenhouse. 

Selfing and crossing studies conducted. with the four Canadian 

pl\1sio1ogic races of sunf'lower rust, l, 2, :3, and 4, indicated aU to 

be heterozygous on differential varieties CM90RR and Morden 29. 

J 
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Races l, 2, and 4 also appeared heterozygous on the supplemental lines 

The Sl data 'torere not analyzed statistically because of the high 

degree of sampling error attributable to the lItUization of inadequate 

numbers of pycnia. in the fertilizations. For ~ reasons, other than 

sample size, tests to distinguish Mendelian ratios were considered 

:inappropriate in this instance. 

Genetic control of pathogenicity appeared to have a somewhat 

different basis according to the host variety used. On CM90RR most 

reciprocal crosses indicated chromosomal control but a few qybrids 

derived fram races 1. 2 and:3 showed maternal inheritance on a small 

number of plants. From this it tnay beassumed that inheritance of 

pathogenicity i6 influenced by an interaction of chromosomal and non-

chromosomal factors. On Morden 29 ~vidence ofaxtra-chromosomal 

influence ws stronger and the products of most reciprocal matings 

behaved like the maternaI parent. The lack of tellal germination made 

it impossible to make the appropriate genettc studies required to 

provide conclusive evidence of the kind of inberitance involved. 

The FI data were inconclusive but the inference ws drawn that 

on CM9œR avirulence of races l and 2 may be governed by a single 
1 

dominant gene. It ws inferred that virulence of race :3 1s governed 

by . two non-aUellc dominant genes, one epistatic to the ather. There 

is. however. a weakness in the ~othesis of control by two non-a1lelic 

dominant genes tbrough an epistatic-l\Ypostatic relation. which is 

discussed under host geneties. 



--

c 

- --- ------------~----------,,- ---
-176-

The inherita'l'lce of resistance :in the selfed progerw- of Mord.en 69, 

and to a lasser extent in the selfed proger.w of Morden 29. was studied 

as an adjunct to investigation on the inheritance of pathogenicity. 

Reactions of the selfed progel'.\V of Morden 69 varied from experi-

ment to experiment and this was attribllted to se nsit ivit y to environ-

mental influenceo 

The ratios of resistant : susceptible seedlmgs with regard to 

races 1 and 2 in the selfed progel'.\V of Morden 69 showed a good fit to 

bath 3:1 and J,3:3 ratios in most experiments but in some would fit o~ 

one or the ether. The progel\V sues tested were inadequate for a 

critical distinction to be made between the two ratioso The results 

werealso too erratic for IIIl1ch significance to be attached to them. It 

was ~ossible to assess satisfactori~ whether resistance to these 

t'Wo races is controlled by two non-allelic genes, one epistatic to the 

other. or by a single dominant gene. 

On the basis of earlier experiments Morden 69 should be susceptible 

to races 3 and 4. but some seedlings gave resistant react.ions to these 

races. The proportions of these resistant seedlings varied from test to 

test. Tests of the 52 progel\V derived from SI resistant seecllings were 

inconclusive. Progel':\V of some resistant SI plants gave susceptible 

reactions while others segregated. Two possible explanations were 

advanced to explain these results. The gene governing susceptibility 

may have reduced penetrance. or the reaction ma.y he governed by an inter-

action between chromos omal and non-chromosomal factors. 

Selfed d.erivatives of Morden 29 were tested for reaction to the 

four races. They were generally resistant to races 1 and 3 but their 

-
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reactions to races 2 and 4 were variable. Circumstantial evic::tence 

suggests that this variabil1ty may he attribut able to non-chromosomal 

factors governmg reaction in the hosto Lines showing uni.form rust 

reactions were selected for use as differentials. 

The literature on genetie studies of host-parasite relationships 

in ruat infections bas been critiea~ evaluated. Some of the genetie 

tests used appear to me to be inappropriate for the interpretations 

based on them, and in some ether cases the data appear to have been 

misintel1>reted. 

Flor tested the pathogenicity of Sl proger.w of several flax rust 

races to determine homozygositYt then used them in crosses to stu<J.y 

the inheritance of pathogenicity. The nwnber of progeny tested per 

race was in MOst cases inadequate to detect segregation even for a 

single factor hypotbesis., His assumption that the parent races were 

bomozygous 1s therefore open to question. 

In crosses between several flax rust races Flor postulated path-

ogenicity on a number of varieties to be under monogenic control. A 

reana~sis of his data suggested that pathogenicity on some varieties 

may be governed by two dominant genes through an epistatic-hypostatic 

relationship. 

In the cross raee 22 x race 24 Flor postulated that pathogenicity 

on Italia Roma and Morye is governed by two and three dominant aviru-

lance ganss respective~. ~ calculation of Flor's data shows that 

pathogenicity on Italia Roma ~ be controlled by one dominant 

avirulence gene and one dominant virulence gene t with avirulence 

epistatie to virulence. On Morye there appear to be two dominant aviru-

lence ganes. 
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Flor was unable to find plausible expected ratios for the observed 

segregation in the cross race 22 x race 24 on varieties Akmolinsk. 

Abyssinian, Leona, Williston Golden and Wïlliston Brown. A reana~s1s 

of bis data suggested that pathogenicity on these varieties may also be 

governed by two dominant genes through epistatic-~ostatic relation-

shipso 

Reanalysis of Flor' s data on the inheritance of rust resistance 

in flax varieties suggested that resistance may be more complex than he 

reporled. According to FIor, rust resistance in Bombay is governed by 

a single gene. According' ,to Il\V ana~s1s of the data, resistance in 

Bombay to some races may he governed by complementary genes. 

Resistance in several fla:x varieties is reported by Flor to he 

controlled by single or duplicate genes. My reana~sis of his data 

suggests that these varieties ~ possess mor~ resistanee genes, some of 

whieh may he epistatie. 

FIor' s use of the term allelism May not conform with the claasieal 

definition. Flor assumed two resistance genes to be allelic if' the 

observed F2 segregation fitted a 2:1:1:0 ratio. On this basis he placed 

various resistance genes in an allelic series. In 11\1 view they appear 

to be situated at dif'ferent loci and may be close~ lihked in repulsion. 

Kerr, following FIor. postulated a rmmber of allelic genes by 

fitting observed segregations to a 2:1:1:0 or a 14:1:1:0 :ratio. Accord

ing t.o my ana~sis, the resistance in these varieties could also be 

controlled by several genes through an epistatic-itv.Postatic relationship 

which cannot he di:fferentiated without appropr1a.te tests .. 

f 
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Using the po01ed nectar method of selfing Green studied the 

inheritance of c010ur and pathogenicity :ln S1 uredia1 progeny of races 

11 and 15B-lL (Can.) of Puccinia graminis. 

In his study 0 the normal uredia1 c010ur was dominant over greyish-

brown. The parent races l.5B-lL and II were virulent on varieties 

Arnautka and Mindum. In the S1 progel'\V of race 15B-lL virulence was 

dominant among both the normal and greyish-brolm progenies; in the Sl 

progeny of race 11 virulence liaS dominant among the normal coloured 

cultures tut recessive in greyish-brotm ones. The "apparent reversa1 

of dominance" in race II was explained by linkage betl'lgen the loci for 

colour and virulence. 

On varieties Vernal and Lee, the parent race 1.5B-lL was virulent. 

AD. the S1 progerv with greyish-brown spores were virulent but MOst of 

the normal coloured types were avirulent. The segregation ratio of 

avirulent to virulent cultures among the normal co10ured proget\Y 

indicated two recessive genes for virulence. Green rejected th1s on 

theoretica1 grounds. and explained his results on the basis of linkage 

between loci for co10ur and vi2:tu1ence. 

Green' s data indicate that the nwnber of aecia1 c1usters samp1ed 

was inadequate to test even a single factor hypothesis. He did not 

report the number of pycnia trom which he collected nectar for nûxing. 

His results May he attributable to samp1ing error because of inadequate 

population sizes. rather than to linkage between co1our and virIllence 

loci. 

In another stuctr Green seUed proger:w trom four cultures of wheat 

stem rust race li and one culture of race 10 on several wheat dif'feren-

tia1s. The total number of cultures tested varied between 20 and 52 anG 
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and were obtained over 9 years. i.e. in several experiments. The se 

results were preserIted to show a gene-for-gene relationsbip between wheat 

and wheat stem rust. 

5ince the 51 progeI'.\V were obtained in distinct exper:iments the 

gametic population in each was subject to sampling error. Although Green Vs 

conclusions are probab~ correct, l believe that he bases them on 

inadequate data. 

In 1965 Green conducted crossing and self:ing studies of several 

oat stem rust races on variety Sevnotbree, employing race 6A and a number 

of other races. Segregation v1s.s apparent when race 6A was used as the 

maternaI parent. Wben race 6A was the paternal parent. the pathogenicity 

of the FI hybrids resembled the maternal parent.. Segregation was also 

obtained in the se1fed progeny of race 6A • 

Green e::cpla1ned the virulence of race. 6A by postulating it to be 

controlled by a dominant gene for virulenceJ.. and a dominant gene that 

acts with the maternaI cytoplasm to make the recessive gene for 

avi.rulence dominant when both occur in the same monokaryotic infection. 

In ~ opinion Green's tests were not appropriate to determine 

whether inheritance of virulence was Mendelian or not. l believe also 

tbat the model proposed by Green is not genetically sound. 

In crosses between oat stem rul:>-t races 7 and 11 Johnson concluded 

that avirulence on each of t'Wo oat varieties, White Tartar and Ricbland, 

is governed by complementary genes. Green in a later stu~ reporled 

pathogenicity on each of the two varieties to be controlled by single 

genes. Green cited the work of ether workers which also suggested rust 

resistance in these two varieties to be governed by single genes .. 

-
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Ir resistance is controlled by a single gene, then assUllÔllg the 

existence of a gene-for-gens relationship. monogenic control of patho-

genicity as suggested by Green seems to be more plausible tban by 

complementary genes. Johnson obtained the data using the pooled nectar 

method of selfing.. As he made no mention of the numbers of pycnia he 

used, the number of aecial clusters he sampled, and the number of 

cultures established from each aecial cluster. his ratios may have been 

spurions because of inadequate sample size. 

In a cross between wheat stem rust race III (culture 111-55A) and 

36 (culture 36=.55A) Loegering and Powers concluded on the hasis of 

segregation ratios that the avirulence of race III on varieties Marquis 

(12:3:1~;r.) and Reliance (48:12:3:l) is governed by two and three dominant 

genes respective4r. On the basis of gene-for-gene relationships. they 

postulated two and three dominant ganes for resistance in Marquis and 

Reliance respective~. 

Loegering and Powers obtained F2 proger.w in the course of several 

exPsriments. In II\V opinion the gametic population in each experiment 

was theoreticaJ.:q not sufficient to avoid sampling error. Although their 

conclusions may he correct, they are not justified on theoretical grounds. 

Williams et al. tésted the pathogenicity of 103 of the 108 F 2 

cultures studied by Loegering and Powers on Marquis t Reliance J and on 

single gene lines suppose~ carrying the same resistance genes as Marquis 

and Reliance.. Their results on Marquis and Rel1ance agreed with those 

of Loegering and Pawers. On two monogenic lines, hawever, they found 

that avirulence of race III ws colItroUed not by a dominant gene but by 

a single recessive gene. They expla.ined these results by the effect on 

dominance at a given locus :in the rust, of the additional. resistance genes 

-
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present in Marquis and Reliance .. 

In II\Y opinion, since avirulence on the single gene lines derived 

from Marquis and Reliance 1s conditioned by a recessive gene, the same 

recess1ve gene should al50 he present in Marquis and ReJ.iance.. The 

discrepancy in results of the t'tiO groups of workers might ~-vell he 

attributed to the way each of them classified intermediate infection 

types induced by some FZ cultures. Differences in classification of 

just a few cultures t indicated in their data, could lead to quite 

different ratios and different interpretations. 

Luig and Watson tested 285 cultures derived from self'ing of strain 

21 Anz. 2 of Puccinia graminis var. tritici on 23 wheat differentials. 

They grouped the whole population into 37 strains. These 37 strains 

were used as 37 Sl proger.w to calculate genetic ratios. From this stuctr 

they concluded that virulence on some differentials seemed to follow 

Mendelian heredity but on others the mode of inheritance was diff'icult 

to explain. They also stated that their results indicated a gene-f'or-

gene relationship on soma varieties but not on ethers. 

As the mmber of strains they obtained was determined by the 

number of dif'f'erentials employed, it ws an artificial population and 

should not have been used to calculate Mendelian ratios. They obtained 

the progenies by the pooled nectar method of selfing. As they did not 

mention the numbers of pycnia. aecial clusters. or nwnber of cultures 

they obt:ained trom each cluster. their results might have been affected 

by sampling error if the numbers involved were inadequate. 
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Samborski investigated the nature of the inheritance of pathogen

icity in the 51 progeny of a culture of wheat leaf rust on the variety 

Transfer. 

He concluded that the parent culture was heterozygous for 

pathogenic1ty with virulence being ineomplete~ dominant as the result 

of a spontaneous mutation. Aceording to lI\V ana~sis. bis data indieate 

that the virulence was recessiveo Thus it 15 much more Iike~ to have 

arisen by spontaneous mutation than if it were dominant D 

Flangas and Dickson tested the pathogenieity of 28,5 subcu1tures 

derived from three generations of inbreeding of~ur heterozygous clones 

of Puccinia sorghio They also tested 92 ~brid cultures derived !rom 

crosses between lines of selected pathogenic types of sibling and non-

sibling pedigree on six maize lines. They coneluded that their results 

eould not be explained in simple Mendelian terms. They Iooked for 

explanations !rom the work on biochemical geneties of microorganisms. 

where complex genetic meehanisms. based on tests with Many millions of 

offspring, have been postulated. 

The data presented by Flangas and Diekson, however. show that the 

population sizes they used are not sufficient to test even a single 

factor ~othesis. let alone more eomplex genetie s,ystems. From the 

results described by Flangas and Dickson it appears that the genes 

controlling pathogenieity in the clones of E. sorghi May have redueed 

penetrance. 

Workers have empIoyed two methods of selfing (the reeiprocal and 

the pooled nectar method) in rust fUngi and postulated genetie qypotheses 

by calculating F2 ratios. These two methods have not been standardized 

and the results obtained may be unreIiabIe. 

.~ .. 
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With the pooled nectar method p sampling errors may oceur if' the 

munber o:f pycnia used :for poo1~ the nectar is inadequate; if' the 

nectar is not thorou~ mixed; if the llUlT1ber of aecial clllsters 

sampled is too small~ and if insufficient cultures are derived :from 

each c1uster. F2 ratios ca1culated for progenies derived by this " 

method may he spurious, as it 1s rarel;y" convenient to handle the sample 

sizes theoretically requiredo 

The reciprocal method of pairing ma.y give rise to errors if the 

number of pycnia used in an experiment is insu:fficient. As there is 

only one point at which sampling error is like~ to occur, this method 

is preferable to the pooled nectar method for deriving genetic lwPo-

theses from F2 data. Because of the difficulty of "t.J'orking w1.th F3' 

Most rust workers base their conclusions on F2D 

l have described a method of calculating genetic ratios when the 

pooled nectar m.ethod is used, based on the theoretical expectation of 

segregation between and within aecia1 clusters. This method should 

give results comparable to the backcross Methode It should also permit 

diff'erentiation betltTeen such critical ratios as 3:1 and 13:3, and 

should serve the purpose of a proge~ test. It IIlél\V therefore be 
cr. 

preferable to test genetic ~otheses by this method, r9lther than on the 

basis of F 2 data. 

A gene-for-gene system seems to provide a rational explanation of 

the genetic control of resistance and of pathogenicity. 

The genetic data presented in this thesis on suni'lowers and sun-

flower rust are not sufficient to prove the existence of a gene-for-

gene relationship in this host-parasite system. 

--' 
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Hode and Person have bath proposed mode1s to explain the self-

regulatfung mechanisrns and balanced po~orphisms in inter10cking 

populations ot host and. pathogen in crops ,most otwhich are selt

po11inating. Althou,gh the kind ot balance they postulate may oceur 

in nature between w.lld plants and theÏ!' pathogens, it may be 1ess 

probable in cu1tivated crops such as cerea1s and tla.xo Experimental 

data provided b.y Suneson tor mixed populations ot barley varieties 

dittering in reaction to leat pathogens,do not seern to support their 

bypotheses. 

One of the assumptions common to Moclals and Person's models is 

that virulence genes in the pathogen are not allelic. This ~ be the 

case, but l believe that F10r t s work has nct ruled out altogether 

allelism ot virulence in fiax rust. Allelism seems to he almost a. 

universal phenOmel'lOn, found in obligately parasitic bacterial viruses 

as well as in higher organisms. When the mechanica1 di.ff1cu1t~es that 

interfere with genetie studies on parasitic fungi are overc9me t l 

be1ieve that allelism may also be demonstrated for virulence gènes. 
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CLAIM OF ORIGINAL WORK AND 

CONTRIBtfI'IONS TC KNOWLEDGE 

1. l have developed a method for making multiple inoculations with 

rust on individual leaveso This method makes possible much greater 

precision in working vdth variable ho st genotypes and in identif,ying 

unknown races or genotypes in the pathogen,than ws available with 

previous methodso 

2.. l have made an investigation into the inheritance of' pathogen-

icity of the four Canadian sunflower rust races. ltr data suggest 

that pathogenicity of the races used may possib~ be controlled by 

non-cbromosomal or an interaction between cbromosomal and non-

cbromosomal factors. An implication of these results is that resist

ance in sunflower dif.ferentials to rust may be more complex than 

reported by previous workers. 

3. l have presented a eritieal review of the published work on 

genetic stud1es on pathogenicity in ruat fungi and z'esistance in 

their hosts. l have pointed out that the results obtained in some of 

these studies may not be based on sound genetie tests and that in 

some other studies the interpretatior- of the genetie data presented 

is open to question. 

4. l have pointed out that the two methods of selfing Fl rust 

lwbrid~ used by various workers have not been standardized. The data 

obtained by these two methods may be different and tlû.s may lead to 

misleading conclusions. l have examined the two methods criticaJ4r 

1. 
-~, 
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with regard to the stages at which sampling errors can ooeur and have 

suggested how to choose the more reliable method under various 

circumstances. 

5. l have suggested an improved method of calculating genetic 

ratios for inheritance etudies with rust fungio l believe it w.Ul be 

more usef'ul than .the methods of anaqsis nOti in use and 'Will permit 

more ctitical testing of genetic hypotheses. 

, ... - .. _-------_. ----_._--_._-_._----------- ... -.-
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ExplanatOry note :for Appen<Hx Tables l to VI 

110rden 29 is susceptible to races 2 and 4, and resistant to races 

l and 30 Results are based on reactions of 10 to l.5. aeecUings in 

each cSseo 

CM90RR 1s susceptible to races :3 and 4, and resistant to 

races land 20 Results are based on reactions of 10 to 1.5 seedlings 

in each case o 

M69-W59-11-MC62-1:3-r4 - Most of the seedlings ot this line are 

res1stant to races l and :3 e and susceptible to races 2 and 4 or to 

race 4 o~. Results are based on reactions ot .5 to 8 seedlings in 

each case. 

M62-2672-2-rl - Most ot the seedllngs of this line are susceptible 

to race l and h~ resistant to the ether three races. Some are 

81ao resistant to race 10 Results are based on react10ns ot :3 to 8 

seedlings in each case. 

M62-2685-1.4-1 1s higb.q resistant to aU four parental races. . 

Results are based on reaetions of 6 to 10 seedll.ngs in each case. 
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APPENDJX TABLE 1. PATHOOENIClTY ON D~m V}J(1E'flES 
..,.,.. 

,- , 
OF Fl lJREDIAL CULTURES DERlVED cRosSEs '~ FROM 

BETWEEN RACES 1 AND 20 

VarietieJJ 

Cross No. Race x Race Morden CM9QRR M69-WS9-11- M62-2672- M62-2685-

<i "?! 
0 29 Mc62-13-r4 2-rl 14-1 

Reci~roea1 Cross 

Cr63-l0A 2x1 "Y A A li. li. 
:t 

-lOB lx2 A A A A A 

Cr63-llA 2x1 V A A, A=, v= A 

t 1 t l -llB lx2 A A K, A, A 

Cr63-l4A 2xl V A A, A=, V= A 

-14B 
t t 1 t 

lx2 A A A, A, A A 

Cr65-20 lx2 A A A, A A A 
.ri 
(j -2.A-1 t ~ 1 "-.~ J, 

-213-1 2xl V A A, V • A .a 

er65-20 t: 
-3A-1 lx2 A A A, A A A 

t t t 
-3B-1 2xl V A A, V A A 

Cr65-2-lA lx2 A V-
t 

-2-lB 2xl V V-

One-sid.ed Cross 

er65-20 
-lB-l 2xl V A V A A 

C1'6.5-20 
-4B-1 2xl V A A A A 

'!.:I See note on page A-l 

!I A, avirulent J ~ Virulent; -. not tested on the l1ne 
({ 

t J Reactions of reciprocal Fl cultures on the same seedl.1ngs ~ 

-------_.--------------------------------------------------------------------------------------
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APPENDlX TABLE IIo PATHOGENICn'Y ON DJlï1ïERENTIAL VARlEl'IES 

OF FJ. UREDIAL CULTURES DERlVED FROM 

CROSSES BErWEEN RACES J. AND J 

Morden 
Cross No. Race x Race 29 CM90RR 

ReciErocal Cross 

Cr6J-4A 
21 v!1 Jx1 A- V. 

-4B 
t t 

lx3 A V. A 

cr65-JJ-
J.A..J lx3 A V 

-lB-J. JxJ. A V 

Cr65-JJ 
-5A-l lx:3 A A 

-5B-l :3xJ. A At V 

'l;1 See note on page A-l 

!:.I A. aviruhmt; V t virulent; 

VarietieJJ 

M69-~159-11-
Mc62-13-r4 

A. A=, V= 

A. A=. V= 

A-, A.= 

A-. A= 

A. IF 

A 

A 

A 

A 

A 

A. 

At 

A-

A-

t Reactions ot reciprocal Fl cultures on the same seedlings 

M62-2685-
J.4-1 

A 

A 

A 

A 

A 

A 

•• ' ~, ••••• ,'. ..,. A ' __ .~," '~." •• __ •••• _ •• _ .... _. ____ ••• _~._~ ~_. _ _ __o. ___ .. _______ .. _.~_---.-- .. - .. --------.. --.. ----- _. ___ ._._. __ -;;;::...' 
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VAR:ŒrIES APPENDlX TABLE III .. PATHOGENIClfi ,ON DmERENTIAL OF 

'~ Fl tIREDIAL CULTURES DERIVED FROM ' CROSSES 

Œl'WEBN ,RACES 1 AND 4 

VarietieJ:.! 
Morc1en 

Cross NOe Race x Race 29 CM90BR M69-W59-ll- M62-2672- M62-2685-

~ cr Mc62-13-r4 2-rl 14-I 

ReciErocal Cross 

Cr63-lA 4xl V:!-./ li A. A- D V- 1ike race l. A 
l' t ~t 1--lB lx4 
~ 

A A Ao A. like race 1 A 

Cr63-2A 4xl V V, A. V=,A V=, V= like race 1 A 

lx4 l /t /J 1 l t t 
-2B v, V-,V=, V=. Au lik~ race 1 A 

Cr65-25 
-7A-l 4xl A V-, A il. V. v- A 

78-3 /Î\ t ...,y 

([ 
-?B3 lx4 A V-, A A V, v- A 

'.' 
.~ 

Cr§5-25 
-lOA-l 4xl V A At V=, V V A 

lx4 
1 t t t 

-lOB-l A A- A, At A V A 

One sided Cross 

Cr65-25 
-6B-l lx4 A V At A- A A 

Cr65-25 
-8B-l lx4 A A. V- >, A A. V- A 

cr6.5-25 
-9A-l 4xl V V V V A 

li See note on page A-l 

~I A, av1rulentl Vtvirul.ent; 

t Reactions of reciprocal Fl cultures on the same seedl1ngs 

,(1 ,,-,-. 

.,--- .... :.:...' 
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APPENDIX. TABLE 1V. PAmOGENIC:ïTY ON DIFFERENTIAL VARlETlES OF 
~ FROM l' F1 UREDIAL CULTURES DERIVED CROSSES 

\""",->" 

BEriJEEll RACES 2 AND :3 

11 
Varieties-

Morden 
Cross No. Race x Race 29 CM90RR M69-W's9-11- M62-2672 M62-268,S-

~ ?f MC62-13-r4 -2-rl 14-1 
Ü 

Reci~rocal Cross 

cr63-lSA 3x2 AE./ V,I v- A A A 

t t 
-15B 2x3 V Ve V- V A A 

Cr63-16A 3x2 A A. V At A A A 
/~ 1. t t t 

-16B 2x3 V A V=. A A A 

er63-1?A :3 x 2 A V, V= 
t t t 

-17B 2x3 V v. A 

ff Cr63-1SA 3x2 A A. V. A 
'L f t t ~ -18B .2x3 A. V. 

1 
cr6S-4-lA 2x3 V V. A.- V= A A 

t 1\ t l' 
-4-lB 

v 'K :3x2 V V. V V= A 

Cr6S-24-
4A-l 3 x 2 A V A A A 

-4B-l 
t :t 

2:3 V V V., A A 

Cr6,S-24 
-,SA-l 3x2 A V A A A 

t t 
-,SB-l 2x3 V V V A A 

One-sided CrosI3 

Er6S-24 
-lB-l 2x3 V A. V A. V 

11 - See note on page A-l 

Cl ~I A. avirulent; V p virulent.; -, not tested on the line 

~ Reactions of reciprocal FI cultures on the same seedlings 

i 
.- .;;;;.} 
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APPENDJX TABLE V. PATHOGENICITY ON DIFFERENTIAL V.AR.:Œ1'JES OF 

F1 UREDIAL CULTURES DERIVED FROM CROSSES 

BEI'WEEN RACES 2 AND 4 

VariàtieJJ 
Morden 

Cross No. Race x Race 29 CM90RR IvI69~Ttl.59-11- M62-2672 M62-2685 
0 ?'l MC62-13-r4 -2-r1 -l4-I 
T- 0 

ReciEroea1 Cross 

Cr65-22 2/ 
-lA-l 2x4 V- V, A A-, V A A 

t 't 1 t 
-lB-1 4x2 V A. 1( A. V A A 

Cr65-22 
-2A-1 2x4 V A. A- A. V A A 

4x2 
t 1 

-2B-1 V A. A~ A. V= A A 
Ir 
,( 

er65-22 
-3A-1 2x4 V A. V A A A 

-3B-1 4x2 V A, V A A A 
'1, 

Cr65-25 
-2Â-1 4x2 V V V A A 

-2B-1 2x4 V V V A A 

One-sided Cross 

Cr65-25 
-lB-1 2x4 A V A A A 

1/ See note on page A-1 

'l:./ At avirulem.; V. virulem. 

t Reactions of reciproca1 F1 cultures on the same seedlings 
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APPENDlX TABLE VI. PATHOGENIClTY ON DJli'EERENTIAL V ARIEl'lES OF 

Fl UREDIAL CUllI'URES DERIVED FROM CROSSES 

BEl'WEEN RACES 3 AND 4 

II Varieties-
Morden 

Cross No. Race x Race 29 CM90RR M69-W59-11- 1162-2672 M62-~685-

Q 67 Mc62-1.3-r4 -2-rl l4-1 

ReciErocal Cross 

Cr65-26 J-.I -2A-l 3x4 At V A, V A V 

4x3 
î J 1 

-2B-l V A, V V, V-, V A V 

cr65-26 
-3A-2 3x4 A V A A V 

.r- t 1 
~L -3B-2 4x3 V V V A V 

Cr6,5-26 
-5A-2 3x4 A V A A. V A 

fi -5B-2 4x3 
! ~ I. i V V A 

cr6,5-26-:' 
-6A-2 3x4 A V, A A, A A, A A 

1 ): J l' :t 
-6B-2 4x3 

\V 

V v, A V, v= A. V= A 

11 See note on page A-l 

~/ A. avirulent; V. virulent 

1 V' . Reactions of reciprocal Fl cultures on the same seedlings 

c 
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Method of 
inoculation, 
environment , 

and date 
tested 

MI ,Y 
GR, 

5 Mar. 1964 

MI, 
Ge 17. 

13 Deco 1965 

i 
1 

~ 
! 

('~' ) 

APPENDlX TABLE Vil. REACTION TYPES OF DIFFERENTIAL V ARlEl'lES TO Fl. UREDIAL 

CULTURE8 DERIVEDFROM CROSSES BEl'VIEEN RACES 1 AND 20 

No. of Parent races F1 (Sf? X eT) 
Varieties seed-

1ings 1 2 3 4 er63-10A er63-10B 
(2 x 1) (lx 2) 

S37-388 3/3 Zl 3, 4 3. 4 3. 4 3, 4 3. 4 3. 4 
M29-63-830 
(Morden 29) 8/8 0: 3. 4 0:. ON,l 3. 4 3. 4 0; t lN 

CM90RR 7/7 0: 0; 3, 4 3. 4 0; 0; 

837-388 4/4 3-, 3 3-, 3 3-, 3 3-, 3 3-, 3 3~, 3 
1-129-63-868 
(l{orden 29) 2/3 0;, ON 3- 0;, ON 3- 2+,3_ ON,O;, 1 

1/3 ON 3-, :3 0° • 2+. 3- 3 1-N 

CM90RR 4/4 0; 0; 
M69-64-224 

3- 3- 08 0; 

(M69-W59-11- 1/2 1, 2 0:. 1 ON, 1 3-, 3 IN 0° 
MC62-lJ-r 4) • 

1/2 0; O· 1-N 2+. 3- 1-N o· 
M62-64-557 

, • 
(M62-2672- 3/3 3 0; o· , 0; 0; 0; 

TJ.) 

M62-64-664 
(M62-2685- 8/8 l l 

14-1) 
l l l l 

( -'~ 

:r 
co 

-1 -- _._~._---. - --- -_._~ -.:_--- ._ ... "--.-~-=-
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APPENDIX TABLE VII - con:t.inued 

Method of 
inoculation. No. of Parent races F1 (9' x 6') 
ennronment. Varieties seed-

and date 1ings 1 2 3 4 Cr63-llLA Cr63-llB Cr63-14A Cr63-14B 
tested (2 x 1) (1 x 2) (2 x 1) (1 x 2) 

MI, S37-388 3/3 3. 4 3, 4 3. 4 3. 4 3. 4 3. 4 3. 4 3. 4 
CH, 

M29-63-8J0 
5 Mar. 1964 (Morden 29) 4/7 ON 3, 4 ON 3. 4 3. 4 ON 3- ON, IN 

3/7 ON 3. 4 ON 3! 4 3. 4 ON ? ON, lN 

CM9ORB. 6/6 0; O· , 3. 4 3. 4 0; o· , 0; O· , r:-
\0 

MI. S37-388 3/3 3-. 3 3-. 3 
Ge 17, 

3-, 3 3-, 3 3-, 3 3-, 3 3-, 3 3-, 3 

M29-63-868 1/4 
13 Dec. 196.5 (Morden 29) 

0; 3 0; 3 3 ON 3 O· 1/ 

1/4 0; 3 0; 3- 3 ON, 1 3-, 3 ON, lN 

1/4 
four 3-

O· 3 0; 3 3 lN D 2 3 ON, 0; , 

1/4 
rive 3-

0; 3-. 3 O· 2N, 2+ 3 0;, 1. 2 3- 0;, lN , 
t CM90RR 1/7 O· O· 3 3 0; O· ON,O; ,1 2+, 3-, , p 

.5/7 0; o· , 3 3 O· , O· , 0; 0;,ON,1,2+ 

1/7 0; 0; 3 3 00 
p O· , 0: O· , 

) 
,,:-.- ----~--_._-_._-~----~----------------

_\ 
~ 
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APPEND:rx: TABIE·VII ~ continued 

Method of 
inoculation, 
environment, 

and date 
tested 

No. of 
Varietiea seed

linga 

MI, M69-64-224 
GO 17 (M69-WS9-11-

MC62-lJ-r4) 
13 Dac. 1965 

M69-64-241 
(M69-WS9-11-
MC62-1:3-r4) 

M62-64-664 
(M62-268S-

14-11 

1/5 

1/5 

~/s 

1/5 

1/5 

1/2 

1/2 

6/6 

1 

ON 

0; 

0; 

0; 

0; 

0; 

O· , 

l 

Parent races 

2 3 

ON, l I-N 

l, 2. 2+ I-N. l 

2N, 2+ ON 

0;, I-N ON 

2 1-N, 1 

ON, 1-N 0-, 
0;, 2 lN 

l l 

4 Cr63-llA 
(2x 1) 

2+, 3- 2N, 2 

3- 2. 2+ 

3-, 3 0;, 2 

~. 3- 1. 2 

:3 l, 2, 2+ 

2+, 3- 2 

3- 2, 2+ 

l l 

-- -- .-.---._ .. _. ~~--_._----~-------~ .. -.---------

(.1 

Fl(~>(O') 

Cr63-llB Cr63-14A er63-14B 
(1 x 2) (2 x 1) (1 x 2) 

0;. 1-N 1-N, two 2+ l-N 

0; l, 2 0;, l, 
t~IO 3-

O· • l, 2+ ON, 2+0 
three 3- t 

0; l, 2 ON, three bl 
(2 or 2+) 

1 

1 

0; l, 2 0;, tlu1 ee 1 

2. one 3-
1 

0;, l O· , 1 

2N 
1 

0;. l 2- lN 1 
i 
1 

l l l 1 

1 

1 

1 

1 

1 

1 

1 \ 

1 

1 

\ 

i· , 
..... _ ...•........... -" ... _.~ 
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APPENDIX TABlE VII - oontinued 

Method of Parent races F1 (~ x 6') 
inoculation, No.' of 
environment, Varieties saed- 1 2 3 4 Cr6S-20 :GrpS-20 Cr65-20 Cr6S-20 

and date 1ings -2A-1 -2B-1 -3A-l -3B-1 
tested (1 :x 2) (2 :x 1) (1 x 2) (2 x 1) 

RI, 537-388 3/3~/ 3, 4 3/3 3. 4 3/3 3. 4 3/3 3. 4 3/3 3, 4 'J/3 3, 4 3/3 3. 4 3/3 3, 4 
Ge 6, 

3/3 3, 4 6/6 S/S 6/6 S/S CM90RR 4/4 0; 3/3 0; 4/4 3, 4 0; O· 0; 0; , 
3 Sept. 1965 M29-64-410 

(Morden 29) S/S 1, 2 S/S 3-.3 S/S 0; 3/3 3.3+ 5/S 4/4 3-.3 4/4 S/S 3-,3 
0; .1,2 0; .1.2 

M62-64-631 =r (M62-268S- l l l l l l l l I::! 
14-Il 

MIt 537-,388 3/3 3-, 3 3-. 3 3-. 3 3-, 3 3-. 3 3-, 3 3-. 3 3-. 3 
Ge 2, 

M29-63-868 1/3 ON 3-, 3 0;, ON 2+N, 3- ON, 2- 3 l=N 2+. 3-
II Nov. 19605 (Morden 29) 

1/3 ON 2+. 3- ON 2+. 3- ON. 1+ 2+N I-N 3-

1/3 ON 2+. 3- ON 2+, 3- ON 2+, 3- ON 2+, 3-

i CM90RR 2/S 0; 0; 3-, 3 3-. 3 0; 0; 0; 0; 
( 

2/S O· O· 2+ 0:. 1-,1 0; 0; 0; O· i , D , 

1/05 0; 0; 3-. 3 2+ 0; OJ 0; 0; 

M62-64-SS7 
(M62-2672-2 S/S 2+. 3- 0; O· 0; O· 0° O· 0; 

-n) 
, • • • 

), -------~- - :...._----~---_._--- \ 
-=-
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APPENDlX TABLE VIT - continued 

~thod of 
Parent races F1 (~ ~ 'ô') inoculation, No. of 

environment , Varieties aeed- 1 2 3 4 Cr65-20 Cr65-20 er65-20 Cr65-20 
and date linga -2A-1 -213-1 -3A-l -3B-1 
tested (1 x 2) (2 x 1) (1 x 2) (2 x 1) 

MI, M69-64-224 1/6 O· ON ON 2+, 3- ON ON ON ON , 
Ge 2, (M69-W59-11 

-MC62-13-r 4) 1/6 0; ON ON 2N, ON ON ON 
11 Nov. 1965 2+. 3-1 ON 

2/6 ON 2N ON 2+. 3- ON ON ON ON 

2/6 IN 3- ON 3-, 3 ON 3-D 3 1-N 3 

M62-64-66lJ. 
(M62-2685- 6/6 I I I I I I I I 

14-I) 

MI, multiple inocul,af;ion; RI. routine inoculation; GH, greenhouae; ac, growth cabinet. 11 
~/ Numerator indicatea the nwnber of aeedlinga ahowing particular reaction types, and denominator gives 

the number of aeecUinga tested. 

_ ... - .---' ---" ... _. __ .. -.----- _. _._ .. _------ -

:r 
~ 
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APPENDlX TABLE VIII. REACTION TYPES OF DIFFERENl'IAL VARIEl'IES TO Fl UREDIAL 

CULTtlRES DERIVED FROM CROSSES BE:l'WEEN RACES 1 AND 3 

Method of Parent. races 1"1 (~ x. O1) 
inoculation, No. of 
emrironment. t Varieties seed- 1 2 3 4 cr63-4A Cr63-4B 

and date lings (3 x 1) (1 x 3) 
tested 

MI,l) s37-J88 J/#./ J. 4 3. 4 J, 4 J. 4 J. 4 J. 4 
GRe 

CM9ClRR 3/7 O· O· 3. 4 3. 4 3. 4 0;, 1 
5 Mar. 1964 

, • 
4/7 0; 0; 3. 4 J. 4 3. 4 3. 4 :r 1129-63-830 

(Morden 29) sIs ON, 1 3. 4 0; ,ON,l 3. 4 0;, lN 0;. lN ~ 

MI. 537-388 
Ge 17. 

4/4 3-, 3 3-. 3 J-. 3 J-, J 3-, 3 3-0 '3 

1429-63-868 
13 Dec. 1965 (Morden 29) 2/3 0; ,0N,1- J- 0J, ON 3- ON, 1- ON, 1 ... 

1/3 ON 3-, 3 0; 2+. 3- 1-N 1-N 

CM9œR 3/4 0; 0; 3- J- 3- 3-, 1/4 0: 0; 3- 3- 0;, 2N. 

M64-64-224 
1., 2, 2+ 2+,3- ? 

(M69-W59-11- 1/2 l, 2 0:. 1 ON, 1 3-, 3 1. 2 1-
MC62-13-r4) 

1/2 0; 0; l-N 2+. 3- 2N lN 

t -,,~~-. ----,,"-----.,,---------.---------.---.-------------- ----------------------- ------ ,J 
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APPENDIX TABLE VIII - continued 

Method of Parent races 
inoculation, No. of 
environmem. , Varieties seed- 1 2 3 4 Cr63-4A 

and date lings (3 x 1) 
tested 

MI. M69-64-241 1/2 1. 2 0:. 1 2 ar. 3-1 ar, 3-1 
Ge 17, (1wf69-WS9-11-

11C62-13-r4) 
13 Dec. 1965 

1/2 0; 2+- 2, 2+- 3- 1. 2, ar 

M62-64-.5S7 
(M62-2672-2 3/3 3 0; 0; 0; 0; 

rl) 

M62-64-664 
(M62-268.5- 8/8 l ~I l l l 

JA-I) 

er6.5-33 
1 2 3 4 -lA-3 

(1 x 3) 

RI, 537-388 3/3 3,4 3/3 3,4 3/3 3.4 3/3 3,4 3/3 3,4 
Ge 6, 

M29-64-417 .5/5 6/6 6/6 6/6 S/S 
t! 2.5 Sept. 1965 (Morden 29) lN,l,2 3-,3 0; ,1-,1 3.4 1,2 

CM9œR 4/4 0; S/S 0; S/S 3,4 6/6 S/S 
3.4 3.3+ 

1162-64-631 
(lwf62-268.5- l l 

l4-I) 
l l l 

t, .. " -

F1 (~ x. 81) 

Cr63-4B 
(1 x 3) 

2+ 

2D 2t-

0; 

l 

Cr6S-33 Cr6S-33 
-lB-l -SA-l 

(3 x 1) (1 x 3) 

3/3 3,4 3/3 3,4 

S/S 5/.5 1,2 
Oi ,1 

6/6 6/6 0; 
3,3+ 

l l 

;1 1:" 

/-. 
1 - \ 
, t 

Cr6.5-3J 
-SB-l 

(3 x 1) 

3/3 3.4 

S/S 
0;. 1 

2/5 :3 
2/5 0; t 
scattered 

(2+ or 3-) 
1/5 0; 

l 

·1 Ir 

=r 
~ 

1 

1 

_\ 
-=-
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APPENDIX TABLE VIII - com.inued 

Method or Parent races F1 (~ A cf1) 
inoculation, No. of 
environment , Varlaties seed- 1 2 .3 4 er6.5-.3.3 Cr6.5-.3.3 Cr6.5-.3.3 er6.5-.3.3 

and date lings -lA-J -lB-l -SA-l -SB-l 
tested (1 x J) (J x 1) (1 x J) (J x 1) 

MI. S37-388 3/3 2+, 3- 2+. 3- 2+, 3- 2+. 3- 2+. 3- 2+, J- 2+. 3- 2+. 3-
Ge 1J, 

M29-63-868 
27 Jan 1966 (Morden 29) 1/3 ON 2+ ON 2+ 1-N ON ON ON 

1/3 ON 2+. 3- ON 2+~ 3- I-N, few ON ON ON cr 
2 or 2+ ~ 

1/3 1-N 2+. 3- 1-N 2+. 3- l-N, :f'ew ON" 1-N 1-N ON, few 2 
1 or 2 

CM9ClRR 2/5 0; 0; 2+. 3- ar. 3- 2+, 3- 2+. 3- O· 1 O· , 

2/.5 0; 0;, :few 2 2+. J- ar, 3- 2+. 3- 2+, 3- O· • O· , 
1/5 0; 0; 2+, 3- 2+. 3- 2+ J., 3 0; 0; 

M62-64-557 
1/2 (M62-2672-2 1-N 0; 0; 0; 0; O· 1-N 1-N " -rI) 
1/2 t I-N 0; 0; 0, ON ON 1. 2, 2+ 1-N, 2 

M69-63-S62 
(M69-W.59-11- 1/3 0; 0; 1-N, 1 2+, 3- 2N,2+ lN, 2- O· 0; , 
UC62-13-r 4) 

1/3 0; 0; lN, 2 2+. J- lN, 2 lN, 1 0; 0; 

1/3 0; 2+. 3- 1 2+. J- 2N. 2 l-N 2N, 2, 2+ O· • 
1 

Y MI. multiple inoculation; 1 RI. routine inoculation; aH, greenhouse; Ge. grO't-rth cabinet ! 
! ?:o/ Numerator indicates the number of seeà1.ings shor7ing parlicular reaction types. and denominator gives the number i 

1. 
of seedlings tested 

1. ) ...... ,: .... .. IL : ___ :....~.:·JJL/;,1.!-....:::::: ... .:..~,,·_-~_H~ ........... ...:....:..~ • .;:. .-.--------= ________ , __ . ___ .'~ ~ __ . _ _ ~_:_..:._._.Î ..... ___ :, ___ ~ •.• _~ __ __ .. ~. __ . --. ,_.1 ______ JI _ .. .:. ____ .. ____ II. _____ o •• ~ ..... ",~' ... , Ji /1 Ji~: J'5",.! . . /f . "/',- . 
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APPENDIX TABLE IX. REACTION TYPES OF DIFFERENl'IAL V ARlEI'IES TO Fl tlREDIAL 

CULTtmES DERIvED FROM cROssEs m:i'WEÈN RACES 1 AND 4 

Method of Parent races F1 (Sï? x. cf) 
inoculation. No. of 
environment, Varieties seed- 1 2 3 4 Cr63-lA Cr63-lB Cr63-2A Cr63-2B 

and date 1ings (4 x 1) (1 x 4) (4 x 1) (1 x 4) 
tested 

mli 337-388 3/#1 3. 4 3. 4 3.4 3. 4 3. 4 3. 4 3. 4 3. 4 
OH 

1129-63-8.30 
5 Mar. 1964 (Morden 29) 8/8 0:. ON 3. 4 0:. ON 3. 4 3. 4 o· , 3. 4 0;. 1 

CM9ŒR 1/7 o· • 0; 3. ;4 3. 4 0; 0: 1'ive 3 2, 3 =r 
1/7 0; 0: 3. 4 3. 4 

t-= 

3. 4 
~ o· 0; 2+. 3 , 

1/7 O· , o· • 3. 4 3. 4 O· t 0; 0; 3. 4 

4/7 O· • O~ 3. 4 3. 4 O· , O' • O' • 0; 

MI. 337-388 4/4 3. 3+ 3. Ji-
GO 17.,' 

3. 3+ 3. 3+ 3, 3+ 3. 3+ 3. 3+ 3, 3+ 

M20-63-868 2/4 0:. ON 3-, 3 0:. ON 3- 3- 0;, 1 3 ON. 2 
13 Dac 1965 (Morden 29) , 2/4 0;. ON,l 3 ON 2+. 3- 3 0; ":1 ON, 2 J 

CM9ClRR 2/7 O· 1 0; 3- 3- 0;, l, 2 0;. l, 2 2+. 3- 3-
1/7 O· • 0; 2+, 3- 3. 3+ 0; 0; 1+, 2 2+.3- ? 

1/7 o· 0; 3-, 3 3 o· 0; 2. 2+ ? 2+ • • 
1/7 O· • O. 3- 2+, 3- O· 0; 0;. ON, 2 l, 2 1 , 

1 

1/7 o· • 0; 2+ 2 0; 0; 0; 
l' 

0; ! 

1/7 o· • 0; 3.-.• 3 2+ O· , 0; 2+ 0;. 1. 2 
)...,. 

ft - :;. 
•• _ :_ •• 1 __ ". _____ -..:. ~ •• __ __ '---_--'--~JI~ __ _J'_ .. ___ "'__4J.J __ '_.-_-_'__' ____ ~ ___ .... ____ "''' ..... ,. - .... ----'-~-.-:--.----- •• _._~ ___ <> _____ ~_. ____________ o. • • ____ • _____ •• _ _ _ IJ. _ ._ ._. _~ __ . .I,-.- _ ... _ . - -"---- ... - " -----~.-.--.-._, .. • .J_ ••• _~J, 

-::r 
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APPENDIX TABLE IX - continued 

Method of Parent races 
inoculation. Noo of 
env1ronment • seed- 1 2 3 

and date lings 
tested 

MI. • 1/3 ON:. 0; 2N, 2 1. 2 
00. l.7, 

13 Dec 1965 
1/3 ON l+N ON 

1/3 l.-N 3- ON 

1/4 ON, 3- o· , O· , 

1/4 ON, '3 0: 0; 

IJ~6~ 
1/4 ON, 3- 0, o· • 

1/4 ON, 3 0, 0; 

(M6t 2685- 8/8 l l l 
14-I) 

t 

) 1 
~ -------f----.. --- ... -.. -- .- .. ~ ... - .' . __ .. ~. 

( _.,.) 

Fl. (~ À cjl) 

4 cr63-lA cr63-lB Cr63-2A Cr63-2B 
(4 xl), (l. x 4) (4 x 1) (1 x 4) 

2+. 3- o· • 0; 2+ 2, 2+ 

2+. 3- 2N, 2+ ON, 1 2+, 3-1 1. 2 

2+. 3 2+, 3- 2N 2+. 3-1 l, 2. 2 

O· • ON, 2+ 3- 3- ON. 2+,3-

0; ON, 1. 
'l'bree 3-

2+, 3- 3-, 3 2N, 3 

0: 2+. three 2+. 2+. 3- ON, 3 
three 3- three 3-

0: ON, ON. 0; ON. 2+, 3- ON. 2+. 3-1 
2+, 3-1 

l l l l l 

.-_._------_._----~---------------.>- ." --- ----- . -... _-

:r 
.tl 

! 
1 

.J 
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APPENDIX TABLE IX - continued 

Method of Parent races F1 ( ~ x. cr) 
inoculation, No. or Cr6S-2S Cr65-2S Cr6S-25 er6S-2S 
environment, Varieties seed- 1 2 3 4 -8B-1 -9A-1 -10A-1 -10B-1 

and date linga (1 x 4) (4 x 1) (4 x 1) (1 x 4) 
tested (No reciproca1)(No reciproca1) 

RI. 537-388 3/~/ 3,4 3/3 3,4 3/3 3,4 3/3 3,4 '/3 3,4 3/3 3,4 3/3 3,4 3/3 3,4 
Ge 6, M29-64-410 

S/S 4/4 3-,3 3/3 0; ,2N. (Morden 29) 4/4 1,2 S/S S,3 5/5 0; 3/3 3,3+ 5/5 0; 2+.3-
15 Sept 1965 2, rew 2+ 

3/5 0; 3/4 0; 
CM90RR 3/3 0; 2/2 0; 4/4 3.4 3/3 3-,3 2/5 2+.3- 5/S 3,4 1/4 0;, S/S 0:. 2, 

3- 2+ :r 
M62-64-631 t); 
(IvI62-2685- S/5 l l l l l l l l 

14-I) 

MI. 837-388 2/2 2+, 3- 2+1' 3- 2+. 3- 2+, 3- 2+, 3- 2+. 3- 2+. 3- 2+, 3-
Ge 13, 

M29-63-868 4/4 0;, ON 2+, 3- ON. 0; 
27 Jan 1966 

2+, 3- ON 2+. 3- 2+, 3- ON 

CM90RR Error - plants discarded 
1 

1 

M69-64-211 1/2 O· O;D 2 2 2+ 0;, 1 2+ 2, 2+ 0; 
[: 

(M69-W59-11-
, 

~ 

t MC62-13-r4) 1/2 0; 2+ 1 2+ lN, 2 2+ 2+ 2 or 2+ ! 
1 

M69-63-562 1/3 0; 1-N 1-N 2+ I-N 2+ 0;, :revI 2 0; 1 (1-169-W59-11 .. 
~ MC62-l,3-r4) 1/3 1-N 2+. 3- .oN )~ lN 3- 3- I-N !, 

• 
1/3 

1 

lN, 2 2+. 3- ON 3- I-N 3- 3- 1-N f 
M62-64-557 r 

i· (M62-2672-2 1/3 1-N ON, I-N O· 0, l-N 3- 3- 3 
-rl) 

, 

1/3 l-N,2. 2+ 0; 0; ON 2+.J-? 2+. 3;1- 3 or 3+ 3 or 3+ 

1/3 I-N ON, l-N 0; 0; l-N 3- 3- 3-
i· 

)...,. .. ........ :~ ........... , .... - ..... _ ... "-- ........ ----... _ ................... .. -" - - ._-_ ..... _--_._~.~-_._---~-_.~---~._----- -- ._--. d 
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APPENDIX TABLE lX - continued 

Hethod of Parent races FI (9 À cr) 
inoculation, No. of er65-25 Cr6S-2S Cr6S-2S 
emrironment t Varieties saed- 1 2 3 4 -6B-l -7A-l -7B-3 

and date lings (1 x 4) (4 x 1) (1 x 4) 
tested (No reciprocal) 

RI. S37-388 S/S 3. 4 5/5 3, 4 sIs 3. 4 S/S 3. 4 S/S 3, 4 S/S 3. 4 S/S 3. 4 
Ge 6, 

1129-64-410 
15 Sept 1965(Morden 29) 4/4 1, 2 5/5 3-. 3 sIs 0; 3/3 3. 3+ sIs 0; S/S 1. 2- sIs lN. 21>1 

2+ i'evl 3-

CM9œ.R 3/3 0; 2/2 0; 4/4 3. 4 3/3 3-.3 sIs 3- 2/5 0; 3/5 o· =r t 

2/S 0; at 1/5 0; at t:; 
very tips tips 

faw 3- and few 2+. 3-

1/5 
3 

M62-64-63l 3-, 3 1/5 2+. 3-
(M62-268S-

14-I) I I I I I I I 

MI. 537-388 4/4 2+, 3- 2+. 3- 2+, 3- 2+, 3- 2+, 3- 2+. 3- 2+. 3-
Ge IJ, 

M29-6J-868 

t! 
(Morden 29) 3/3 0;. 1- 2+. 3- ON, 0; 2+. J- ON, 0; ON, 1 ON, lN 

27 Jan 1966 
CM90RR l/J O· O· 2+, 3- 2+. 3- 3- Oz .1-, two 2+ l, three • t 

2+ 

1/3 0; 0; 3- 3- 2+ 2+ or 3- 2+. 3-

1/3 0; o· • 3- 3- 3 0:. 1. 2 0;, 1 

t _ , __ • "'--'.~ ....... __ ,_,.~ ~ __ ~ •• _~ ____ ~_. __ ~ __ • ________ ". __ ~,,_ ••• __ ,:....-. L __ • ~-_~_ _.--.-->---. --- ~-- -_.- - ---" - .. -"------ • __________ , ___ +. _______ ., •• • __ Ii~ -.- -~ 
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APPENDIX: TABLE IX - continued 

Method of Parent races Fl (~ x. or) 
inoculation, No. of Cr6.5-2.5 Cr6.5-2.5 Cr6.5-2.5 
envirornnent • Varieties saed- 1 2 3 4 -6B-l -7A-l -7B-3 

and date lings (1 x 4) (4 x 1) (1 x 4) 
tested (No reciprocal) 

MI, Cr69-64-211 1/4 0; l-N 1-N 2-f-. 3- One 2 1-N 2N 
Ge13, (M69-W.59-ll-

MC62-13-r4) 1/4 0; 2+ 1-N 2+, 3- l-N lN l-N 
27 Jan 1966 

1/4 0, lN, 2- 1 2+, 3- 1-N 1-N l-N 

1/4 0; 0; ~. 2 2+. 3- 2N, 2 1-N, 1 1-N. 1 

1162-64-5.57 
(M62-2672-2 

1/3 ON, 1- 0; 0; O· • 0; 3- 3-

-rl) 1/3 l-N, 2+ ON ON ON ON 2+, 3- 2+, 3-

1/3 ON, 1- 0; 0; ON ON 2+. 3- 2 

M62-64-664 
(M62-2685- 717 I. 0; l, 0; l, 0; l, 0; l, 0; 10 0; l, 0; 

14-I) 

,: 
11 MI. multiple inoculation; RI, routine inoculation; 00, greenhouse; GC, grm-lth cabinet -
~I Numerator indicates the number of seedlings shmdng parlicular reaction types. and denominator givas the 

number of seecllings tested 

) ...... . . :. __ ~ ......... 0'.·-" ...... 0 0 ---_. _.---_. - - --... _-~._-----' ,---,-~,,--------------~-'----'-""'-~ ... ' . ..:. ... '--.:...._ . 

:r 
1\) 
0 

t 

1 

1· . \ s;.. 
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APPENDIX TABLE X. REAŒION TIPES OF DIFFERENl'IAL V ARIErJES TO F 1 UREDIAL 

CULTURES· DERIVED liROM GROSSES BErWEEN RACES 2 AND 3 

Method of Parent. races F1 ('f A. 8') 
inoculation, No. of 
environment, Varieties seed- 1 2 3 4 Cr63-JSA Cr63-15B Cr63-16A Cr63 ... 16B 

and date lings (3 x 2) (2 x 3) (3 x 2) (2 x 3) 
tested 

m.;];:! 537-388 3/#' 3. 4 3. 4 3. 4 3. 4 3. 4 3, 4 3. 4 3. 4 
OH 

M29-63-8.30 3/7 ON 3. 4 ON 3. 4 ON 3. 4 O· 3 
(Morden 29) • 

f 5 Mar 1964 4/7 ON 3. 4 ON 3. 4 ON 3. 4 ver.y poor infection l\) 
t-' 

CltI9œR 6/7 0; o· t 3. 4 3. 4 3. 4 3. 4 0;. 1 0;. 1 

1/7 o· , 0; 3. 4 3, 4 :3 3 3 0; 

MI. 537-388 3/3 3-. 3 3-, 3 
Ge 17. 

3-. 3 3-, 3 3-, 3 3-·, 3 .3-. 3 3-, 3 

M29-63-868 
13 Dac 1965 (Morden 29) 1/4 ON 2+, 3- O· , 3 ON 3 O· • 3 

1/4 ON 3 0;. ON 3 0;, ON J ON 3 
t 1/4 ON 3- 0; 2+, 3- 0; J- 2+. 3 .. o· t 

1/4 0; 3 ON 2. 2+ O· , 3 ON 3-

)-=-- ..... _~ _____ • ___ ~~,.... .. .z •• _~,~ _____ •• _. 
-.. _ ..... ,--- ... _- ... ~-_ .. - .•. _ ..... _ ... _"....... , .•. _~ 
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APPENDIX TABLE X -coritiriù.ed 

Method of Parent races F 1 '( Çf? x. QI) 
inoculation, No. of 
environment, Varieties seed- l 2 3 4 er63-lSA Cr63-1SB cr63-16A Cr63-16B 

and date lings (3 x 2) (2 x 3) (:3 x 2) (2 x 3) 
tested 

MI, CM90RR ~/s o· • O· • :3- :3- :3- 2+. :3- ? 2 1. 2 
Ge 17. 

13 Dec 1965 
115 0; o· • 3- :3- 2+0 3- ? 3- i 0:. 1-' 

115 0; 0; 2+. 3- ? 2+, 3- ~e 3· ON;'?+ 0: Of 

115 O· • o· • 3 3- 2+, 3- 2+. 3- 0;. l 2 
=r-

115 o· 2, 2+ 3 2+. 3- 3- 2+, 3- 2+ 1. 2 
N 
N • 

M69-64-241 
(M69-WS9-11-

1/2 0: Oa. 1. 1+ 1 2. 2+ 1 2+ 8 ,3- ON Z+ 

MC62-l 3-r 4) 1/2 0; 1-N. 1- ONtO; 2, 2+ 0;. 2 2{>. 3- ON 1 

M62-64-ss7 
(M62-2672-2 313 ON, 3 0: 0; O· 0; 0; 0; 0; 

-rl) • 

M62-64-661} 
t (M62-268S- 8/8 l l l l l l l l 

14-I) 

- -;-...:;,--~--~ .. ~ ~ 

1 
'' __ ~,~ -~,~~-~--,~,,-~,-~--,'- -,-"-~~,,~ .. c", c __ '-,_-' ______ ,~ 

t 
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APPENDlX TABLE X - continued 

Method of Parent re.ces Fl (0 31) 
inoculatiol'll, No. of 

1- x. 

environmem, Varieties saed- 1 2 3 4 Cr63-17.A Cr6.3-17B Cr6.3-1SA er63-1SB 
and date linga (3 x 2) (2 x 3) (3 x 2) (2 x 3) 
tested 

MI, 537-388 3/3 3. 4 3, 4 3, 4 3. 4 3. 4 3. 4 3. 4 3. 4 
CUi 

M29-63-830 sIs ON 3 0;. ON 3. 4 0;. ON .3 ON 3 
5 Mar 1964 (Morden 29) 

3/8 ON .3 ON 3. 4 - - - - - ver.y poor infection - - - - -
CM90RR 1/6 0; 0; 3. 4 3. 4 3. 4 3 3 3 ~. 

1 

1/6 3. 4 3. 4 3,.4 3. 4 
~ 

0; 0; 0;, 1 3-

1/6 0; 0-., 3. 4 3. 4 3. 4 2+, 3- 1 2+. 3-

1/6 0; 0; 3. 4 3. 4 3 3 0; 0;. 1 

2/6 0; 0; 3. 4 3. 4 2. 2+ 0; J 1 0;, 1 0;. l, 2 

t 

\ 1 

'.J __________ ~._~_ ~ ___ ~ ___ u~ ••• _ ... ~_ ._.~_.~ .... ---~..,...~-- .. ,..,--'-~~~~ ............ ~=..=~---~~.-'-"=.-""--~~, --,---,--._",- ---'--~----_.- --'- -_ .. _-_.~ .. -- ---.- ---.---- .. :::....+- --'--'-- .--.... ......... ""-_ ••. ~->.-..,.----' ....... --_ ....... -'" --",J 
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APPENDJX TAIlLE X - continued 

Method of Parent races F1 (9 A ô') 
inoculation, No. of 
environment, Varieties seed- 1 2 3 . 4 Cr65-24 Cr65-24 Cr65-24 Cr65-24 

and date lings -4A-1 -4B-1 -SA-1 -SB-1 
tested (3 x 2) (:2 x 3) (3 x 2) (2 x 3) 

RI, 537-388 ···.5/5 3,4 S/S 3,4 S/5 
Ge 6. 

3,4 S/S 3,4 S/S 3,4 S/S 3,,4 S/S 3.4 S/S 3.4 

M29-64-410 
3/3 3.3+ S/S S/S 2+,3-(Morden 29) 4/4 1,2 S/S 3-,' S/S 0° 0; S/S 3-.3 S/S o. , 

1S 5ept 1965 
CM9ClRR 3/3 0; 2/2 0; 4/3 3,4 3/3 3-,3 S/S 3 S/5 3-J3 S/S 3 S/S 3-,3 

:r 
MI, 537-388 3/3 2+. 3- 2+. '3 2+, 3- 2+, 3- 2+, 3- 2+, 3- 2+, 3- 2+. 3-

~ 

Ge 13. 
1129-63-868 

27 Jan 1966 (MOrden 29) 3/3 0;. 1- 2+. 3- ON. 1- 2+, 3- ON. 1- 2+. 3- ON, 0; 2+. 3-

CM90RR 1/6 0; 0; 3 3, 3+ 'J+ 3 3 3 

1/6 0; 0;, 2 2+, 3- 2+. 3- 2+, 3- 3 .... 3 3 3 
i 

1/6 0; 0;, l. 3-. '3 2+. 3- 2+, 3- 2+, 3- 2+. 3- 2+, 3-1 
! 
1 

,1 2/6 0; 0; 2+, 3- 2+, 3- 2+. 3- 2+, 3- 2+, 3- 2+. 3-
1 1/6 0; O· 2+ 2+ 2+ 2+ 2+ 2+ i 
1 • 1 

cr69-64-211 ! 

(M69-W59-11- 1/4 0; 0; 1-N,1 2+ lN. 2 2+~ 3- I-N, l 2+, 3-
Mc62-13-r 4) 

1/4 Ot 2 ON, 2 2+. 3- I-N,2 2+, 3- 1-N 2+, 3-

1/4 1-N 2+, 3- ON 2+, 3- 1-N~ 2+, 3- ON 3-, 3 

1/4 2N,2 3- ON 2+, 3- I-N 2+, 3- ON 3-, 3 
1 

1 

) ...... 1 
~ .... . ... : .. J -=-
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Method of 
inoculation, 
environment • 

and date 
tested 

MI, 
GO l~. 

27 Jan 1966 

MI, 
Ge 17. 

28 Feb 1966 

t 

t.~ . 

/:::::\ 
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APPENDJX TABLE X - continued 

Parent. races 
No. of 

Var1eties seed- 1 2 3 
1ings 

M62-64-557 
(M62-267-2 J./2 2N,2+ 0; 0; 

-l']) 
1/2 lN. 2- 0; 0; 

M62-64-664 
(M62-2685- 8/8 l l l 

14-1) 

1 2 3 

537-388 4/4 3. 3+ 3. Ji- 3. J+ 

Cl-f9œR 1/6 o· • o· • 3-

1/6 0; 0; 3 

1/6 0; 0; 3. 3+ 

1/6 0; 0; 3 

1/6 O· • o· • 3. 3+ 

1/6 0; 0; 0:. ON 

d~."'-. 

(;) 

Fl (,:) 
1"" 

~ a) 
4 Cr65-24 Cr65-24 Cr65-24 Cr65-24 

-4A-l -4:8-1 -5A-l -5B-l 
~3 x 22 ~2 x 3~ ~3 x 22 ~2 x 3~ 

0; 0; >Gi l-N I-N 

0; O· • O· , 0; 0; 

l l l l l 
t 
~ 

Cr65-4 Cr65-4 
4 -lA-2 -lB-l 

(2 x 3~ ~3 x 2) 

3. 3+ 3. J+ 3. 3+ 

0;, few 2 3- 3-

0;. 2 2+. 3- :3 

0;. few 0;. 1, 2, 2+, 3-. 3 
(2, 2+) 2+ 

3- 0;, 1, 2, 3-
2+ 

1. 2, few 0:, 1. 2+ 2+. 3-
(J- or 3) 

0; ON, 0; 1 

-~ 



i 
1 
! 
1 

1 

I 
1 
1 

1 , 
~ 
~ 
i , 
l 
1 
1 

j 

1 

tl 
1 
1 
1 
1 

1 

i 

1 

j 
1 

1 

t .. 
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APPENDlX TABLE X - continued 

Method or 
Parent races inoculation, No. of 

environmem:., Varieties seed- 1 2 3 
and date lings 
tésted 

MIt M29-63-868 3/3 ON 3. Ji- ON 
GC 17, (Mo1'den 29) 

28 Feb 1966 M69-63-562 
(MC62-J3-1'4) 1/2 0; O· , 0; 

M69-64-2ll 
1/2 0; 0; 0" ON 

(M69-W.59-11- 1/3 ON ON ON 
MC62-l 3-1'4) 

1/3 l-N 0; ON 

M62-64-555 
1/3 0; 0; 0;, feM 2 

. (M62-2672-2 
-rI> 

1/1 3 0: 0; 

M62-64-557 
(M62-2672-2 

1/3 3 0; 0; 

-l'J.) 1/3 3- O· , 0; 

M62-64-664 
1/3 2+. 3- 0; 0; 

(M62-2685-
l4-I) 

7/7 l l r 

4 

3-

ON, 0; 

0; 

2 

ON, 1+ 

0;, 1 

0; 

0; 

0; 

O· • 
l 

"];/ MI, multiple inoculation; RI, routine inoculation; GH, g1'eenhouse; 

F') 

Fl <<f ~ c)1) 
cr65-4 C1'65-4 
-lA-2 -lB-l 
(2 x 3) (3 x 2) 

2+. 3- 2+. 3-

l, 2, 
feM 2+- 0;, 1 

ON, 0; l 

2, 2+ 2+ 

2, 2+ 2+ 

1+. 2 2 

O;p rive 3- 0; 

o· • o· , 

0;, three 3- 0;, ON 

ON, rew 2+ ON 

l l 

Ge, growth cabinet 

3./ Nwnerator indicates the number of seeàl1ngs showing particular reaction types, and denominator gives the numbar of 
seecUings tested. 

.. -_ .. _._ .. -.~ . _,o. - . . 

:r-
N 
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t 
~ 
" _\ 

7-



{~ (:-:) f'~ 

APPENDIX TABLE XI REAOI'rON TYPES OF DIFFERENI'IAL V.ARJETIES TO FI UREDIAL 

CULTtmES DERIVED FROM CROSSES BEl'WEEN RACES 2 .AND 4 

l1ethod of 
Parent races FI (~ x QI) inoculation. No. of 

environment • Varieties seed- 1 2 3 4 Cr65-22 er6S-22 Cr65-22 Cr65-22 
and date' l1ngs -lA-l -lB-l -2A-l -2B-l 
teBted ~2 x4) (4 x 2) (2 x 4) (4 x 2) 

RI.Y 537-388 5/;'1.3• 4 5/5 3.4 5/5 3.4 5/5 3,4 5/5 3.4 5/5 3.4 5/5 3,4 5/5 3,4 
Ge 6. 

M29-64-410 4/4 l, 2 5/5 3-,3 5/5 0: 3/3 3,3+ 5/5 3.4 5/5 2+.3-.3 5/5 3.3+ 4/4 2+.3-
(Mordell 29) :r 1.5 Sept 1965 

1'\') 

CM9œR 3/3 O· 2/2 O· 4/4 3.4 3/3 3-,3 3/5 3-.3 2/5 3,4 3/6 0:,2 2/5 0; -...} , • 
1/5 0;. 2/5 0:. at 2/6 0:, 3/5 0:. 

2+.3- tips at tips at tips 
(2+.3-) 3 3 

1/5 o· 1/5 0; .2+ 1/6 êf. • 

MI. 537-388 3/';/ 3+. 3- 2+. 3-
Ge 2, 

2+, 3- 2+, 3- 2+. 3- 2+, 3- 2+. 3- 2+, 3-

1129-6:3-868 1/3 
(Morden 29) 

'1-N 2+. 3- o· 1 2+, 3- 2+. 3- 2+, 3- 3- 2N, 2+ 

II Nov 1965 1/3 l-N 2+, 3- O· 2+. 3- 2+. 3- 2+. 3- 2+. 3- 2+. 3-
\ 

1 

1/3 0;, ON 2+. 3- 0- 2+N. 2+ ON, 2+ 2+, 3- 2+N, 2+ 2+N, 2+ 1 

CM9œR 1/4 l-liI l-N 3 2+. 3- 2+, 3- U" 3- 2N, 2 2N, 2 

3/4 o· 1 o· • 3- 2+. 3- 0;. lN 0;, l, 0;, 1. 0;, 1. 
few 2 fe'toT 2 fe"T 2 few 2 

)-.... ..: ......... -. ,-- '.-'._. ." .... ' ...... --.. _ ... - .... _ ..•. _ .. _--_ .. . ~ 
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APPENDIX TABLE XI - col'Xtinued 

Method of Parent races FI (9 x 0') inoculation. No. of 
e nvironment • Varieties sead- 1 2 3 4 Cr6S-22 Cr6S-22 Cr6S-22 Cr65-22 

,and date lings -lA-l -lB-l -2A-l -2B-l 
tested (2 x 4) (4 x _2) (2 x 4L. ___ (~ x 2) 

2N,I 2+ 
MI. M69-64-224 1/2 ON ON, few 2 ON few 3-1 2 2 lN lN 

Ge 2. (M69-v159-11-
MC62-13-r4) 1/2 I-N 3-, 3 I-N 2+, 3- 2+, 3-1 3-, 3 3-. 3 2N, 2+ 

li Nov 196,5 
M62-64-S57 
(M62-2672-2 6/6 2N. 2+,3- 0: 0: 0: O· 0; 0; 0: , :r -~) 

l\) 
(» 

1162-64-664 
(M62-268S- 6/6 l l l l l l l l 

14-I) 

1 2 :3 4 er6,5-22 Cr65-22 
-3A-l -3B-l 

(2 x 4) (4 x 2) 

RI. 
GO 6. 

537-388 S/S 3,4 S/S 3.4 5/5 3 J4 5/5 3,4 5/5 3,4 5/5 3.4 

t M29-64-410 
(Morden 29) 4/4 1.2 5/5 3-,3 5/5 0; 3/3 3,3+ 6/6 3-,3 5/5 3.4 

15 Sept 1965 
CM90RR 3/3 0; 2/2 0; 4/4 3,4 3/3 3-,3 2/4 0; 2/4 3-

1/4 0;,1,2 1/4 0;. at 

M62-64-631 
1/4 0:. base 2+,3-
at tip 3 

(M62-2685-
14-I) l l l l l l 

)--. ,~ 
,.~ 
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APPENDIK TABLE XI - continued 

Methoâ of 
inoculation. No~ of Parent races FI (V x. e) 
environment , Varieties sead- 1 2 J 4 er65-22 Cr65-22 

and date llngs -JA-l -JB-l 
tested ~2 x 42 (4 x 2) 

MI, 537-J88 3/J J+ J+ J+ J+ J+ J+ 
, Ge 2, 

M29-6J-868 I/J Ol~ 2+. J- ON 2+. 3- 2+, 3- 1 
(Morden 29) 

11 Nov 1965 I/J ON, 2 2+. J- ON 2+~ 3- ? 2+. 3- 2+, 3-

1/3 ON ? ON l, 2,fo 2+. J- 2+. 3- =r 
CM90RR 4/6 0; 0; 3- 3- 0;, l, 2, 2+ Oi 1 l, 2, 2+ 

1\). 
\D, 

1/6 0; 0; 2+, 3- 2+-. 3- 0:, l, 2+ 0:, l, 2 

1/6 0: 0; 2+ 2 I-N •. l I-N, l 

1~9-64-224 
(M69-W59-11-

l/J 0; ON ON 2+. 3- ON ON 

l 
MC62-13-r4) 2/3 0; ON ON 2+ ON ON, 1 

M62-64-557 ,1 (M62-2672-2-I'J.) 5/5 2-1-. 3- 0; 0; 0; 0; 0; 
1 

1 M62-64-664 
1 (M62-2685-14-I) 8/a l I l l l l 1 

1 

MIt M29-63-868 1/3 Inoculation 3. 4 J- J- J-I ON 
1 Ge 17. (Morden 29) faUed 
1 

7 Mar 1966 2/3 1 .f!. 2+, 3- ON 2+. 3- 2+, 3- 2+. 3-l 

), 
":'--_ ... :._~ -~:-::-_~'''''':-._~ -'-'-._""-.......,.-=...-_--_ .... "-..<.---.........~.'--' ... _--_.,.~ --_._=-.. _-- .. - -~- .~. -- -',. \ 

-=-
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APPENDIX TABLE XI - con:tinued 

l.fethod of Parent races F1 (~ A e) inoculation. No. of 
environment, Varieties seed- 1 2 3 4 Cr6.5-22 Cr6.5-22 

and datA lings -JA-l -JB-l 
teBted ~2 x 4) (4 x 2) 

MI. CM90RR 1/6 Inoculation 0;. few 3. 4 4 J 2+. J-
Ge 17, failed 2 

7 Mar 1966 1/6 " O· J J-, J 2+. 3-? J-I 

1/6 " O· J- 3- 3- 2+, J-• f 
1/6 l' 

\:.> 
0;, l, l:+. 3- 3- 2+ 2+ 0 

1/6 1l 0; 3, 4 0;. 2+, 3-1 0; J l, 2 0; 

1/6 " 0; :3 2 or 2+ 0;, 1, 2 0; 

Cr65-2.5 --OrQ3-25 
1 2 3 4 -2A-l -213-1 

~4 x 2) ~2 x 4l 

1 RI, 537-388 .5/5 3. 4 5/5 3, 4 5/5 3, 4 5/5 3. 4 .5/5 3. 4 5/5 3. 4 ! Ge 6, t 
1 1129-64-410 ,1 

(Morden 29) 4/4 1, 2 5/5 3-. 3 S/5 o· 3/3 3. 3+ 5/5 2+. 3- si;; 3-, 3 i • 1 15 Sept 1965 t 

CM9œR 3/3 O· , 2/2 o· t 4/4 3.4 3/3 J-, 3 5/5 J-f 3 J/3 3+ 

M62-64-631 
(M62-2685-14-I) l l l l l l 

)~ .. - ... , ___ .c .. _ ... ",,'" .. " C ... · .... 'i"· ._."". ~."~~.,-=-~". ---~ 
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APPENDIX TABLE XI - coIItinued 

Method of Parent races F1 (~ A cr) inocu1ation, No. of 
environment , Varieties seed- 1 2 3 4 Cr65-25 Cr65-25 

and da.te lings -2A-l -2B-l 
tested ~4 x 22 ~2 x 42 

lIT, 537-388 4/4 2+, 3- 2+, 3- 2+, 3- 2+, 3- 2+. 3':' 2+, 3-
Ge 2, 

M29-63-868 
3/'3 (Morden 29) ON 

11 Nov 1965 
3-, '3 ON, 0: 2+, '3- 2+, 3- 3-, 3 

CH90RR 1/3 0: 0; 2+. 3- 2+. 3-1 2+. 3-1 2+. 3-

1-/3 0; 0; zr. 3- 2+ 2+ 2+. 3-
> 
~ 
1-' 

1/3 0, O· 2+, 3- ? 2+. 3- 2+. 3-
M69-64-241 • 
(M69-W59-11- 1/6 ON l-N lN 3- 2+. 3- J 
MC62-1J-r4) 

1/6 ON ON J J J 3 

4/6 ON ON, 1- 2+, 3- ? 2+. 3- 1 2+, 3- 1 2+, J-
M62-64-557 
(M62-2672- J/3 J-, 3 0; O· 0: O· 0; 

i 2-r l) 
, , 

,: 
! M62-64-664 

. , (M62-2685-14-I) 7/7 l l l l l l , 
~ 

), 
.'-----~-~._.---~-_. ------------- \ 

-=-
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APPENDIX TABIE XI - continued 

Method of Parent. races FI ( Y cj1) inoculation, No. of x 
ellV'irornoont. Varieties seed- 1 2 3 4 Cr6.5-2.5 Cr65-2.5 

and date lings ~2A-l -2B-l 
tested ~4 x 22 (2 x 4) 

MI. Cr29-63-868 4/4 Inoculation 3- ON 2+. 3- 2+. 3- 2+,' 3-
Ge 17. failed 

7 Mar 1966 CM90RR 3/6 Il 0; 3. 4 3. 4 3. 4 3. 4 

1/6 ri 0; 3. 4 0;, 1. 2 3 3 

1/6 i. o· 3- 2+. 3- 3- 2+, 3- ? , 

1/6 i. O· 2+, 3- 0;, l, 2 2+. 3- 2+. 3-, 

11 MI, l1Il11tip1e inoculation; RI. routine inoculation; GH, greenhouse; GO, grovrth cabinet o 

3:./ Numerator indicates the number of seedl.ings showing particuJ.ar reaction types, and denominator gives the number of 

, seedlings tested. 

1 

\ 1 

~ ... 

>. 
~ 
N 

~ 
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APPENDIX TABLE XII REACTION TYPES OF DlFFERENl'IAL VARm'IES TO F~ UREDIAL 

CULTURES DERIVED FROM CROSSES BEI'WEEN RACES 3 AND 4 

Method of Parent races FI (Çf2 x. 61) 
inoculation, No. of 
environment • Varieties saed- 1 2 3 4 er6S-26 Cr65-26 . 

and date lings -2A-l -2B-1 
tested <3_x 4) (4 x 3) 

IU,l;! 537-388 
Ge 6, 

2/ 
S/S- 3. 4 S/5 3. 4 5/5 3. 4 5/5 3, 4 5/S 3. 4 5/S 3. 4 

M29-64-417 
25 Sept 1965 (Morden 29) 5/5 lN, 1, 6/6 3-, 3 6/6 0;. 6/6 3- 3 6/6 0;, 1. 6/6 }f- t' 

2, :t:ew 2+ 1-, 1 1+ ~ 

CM90RR 4/4 0; 5/5 0; sIs 3. 4 6/6 3. 4 
2/5 3- or 3 
3/5 0;, 2+, 4/4 3, 4 

scattered 
3- or :3 

M62-64-631 
(M62-268S-14-I) S/S I 6/6 o· • 6/6 l 8/8. I 717 3+ 6/6 3 

MI, S37-388 4/4!/ 2+. 3- 2+. 3- 2+, 3- 2+, .3- 2+, 3- 2+, 3-
Ge 2, 

M29-63-868 
t: (Morden 29) 3/3 ON 3-, 3 ON, 0; 2+. 3- 0;. ON 2+. 3-, 3 

i li Nov 1965 
. ! 

CM90RR 1/3 O· • 0; 2+8 3- 2+. 3- ? 2. 2+ 0:. 1 

1/3 0; O· • 2+, 3- 2+ l, 2 0;, 1 

M69-64-224 
1/3 0; O· • 2+, 3- ? 2 lN, 1 

(M69-WS9-ll- 1/2 lN :3 0; :3 ON :3 
MC62-13-r 4) 

1/2 ON ON 1- 2+. 3-1 ON 2N,2+-

1 

)-.. 
1 

.~. --~ 
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APPEIIDIX TABLE XII - continued 
[ 
i 
r 

Metnod of ! 
inoculation, No. of Parent races F1 (~ x c)1) 1 

1 

environment. Varieties seed- 1 2 3 4 er65-26 er65-26 
1 

and date linga -ZA-l. -2B-1 
1 tested . ~3 x 4~ (4 x 3~ 

1 

MI, M69-64-24l. 1/6 ON l-N 1-N 3- ON 2N.2+ 
GC 2, (M69-W59-11-

MC 62-l.3-r4) 1/6 ON ON 3 3 :3 :3 
11 Nov 1965 

4/6 ON ON. 1- 2+. 3- 2+. 3- ON 2+. 3- 1 
M62-64-557 

:r (M62-2672-2-r 1) 3/3 3-, 3 0; 0; 0; 0; 0; 
\,JI 
.{:" 

M62-64-664 
(M62-2685-14-I) 7/7 I I I I 3-, 3. 3+ 3-, 3. 3+ 

11I. M29-63-868 Inoculation 
GO 17. (Morden 29) 4/4 failed 3- ON 2+. 3- ON 2+. 3-

7 Mar 1966 CM9ŒR 3/6 n 0; 3. 4 3. 4 3, 4 3. 4 

1/6 Il 0; J. 4 0;, 1. 2 1. 2. 2+ Oh 1. 2 

1/6 ... 0; 3- 2+. 3- 0:, 1 2+. J-1 , 
1/6 " 0; 2+. 3- 0;. l, 2 O· 0:. 1 , 

).,..;.. -- '--_ .•. -_. -".... ._. 

,. 
_\ 
-=-
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APPEND:rx: TABLE XII - continued 

Method of Parent races FI (9 À e' ) inoculation, No. of' 
env1I'onment • Varieties saed- 1 2 3 4 Cr6S-26 er6S-26 Cr6S-26 Cr6S-26 

and date 1ings -3A-2 -3B-2 -.5A-2 -SB-2 
testad ~3 x 42 (4 x 32 (3 x 4) (4 x 3) 

RI. 537-388 sIs 3.4 sIs 3.4 sIs 3,4 515 3,4 sIs 3.4 Sl5 3,4 sIs 3.4 3.4 
Ge 6. 

6/6 6/6 3-,3 515 515 3.3+ 6/6 0:. 1 sIs 3-, 3 1129-64-417 515 lN.2. 6/6 3.:-:.3 0;- 0; 
25 Sept 1965 few 2f. 1-,1 

CM9œ.R 4/4 0; Sl5 0; 515 3. 4 6/6 3.4 515 3.3+ 6/6 3.4 515 3 sl5 3 

1'"162-64-631 :r 
\,.) 

(H62-2685-14-I) sIs l 616 0: 6/6 l 8/8 l 6/6 3+ 6/6 3+ Sl5 l 616 l \..n 

MI. 837-388 313 3- 3- 3- 3- 3- 3- 3~ 3-
Ge 2, 

1129-63-868 1/4 1-N, 1 3 ON 2+. 3- 0;. ON ~!11 3- ON 2+, 3-

11 Nov 1965 1/4 ? 3- ON 2+. 3- 0;, l, 2 2+. 3-? ? 2+. 3-

1/4 ON 3 ON 2+N ON 2+, 3-1 ON, 0; 2+. 3-1 

t 1/4 ON 2+, 3-1 ON 2+, 3-1 0; 1 ON, 0; 2+, 3-1 

CM9ClRR 1/5 ' 0; 0; 3 2+, 3- 3 3 3- 3 

31s 0; 0; 2+. 3- 2+, 3- 2+, 3- 2+, 3- 2+, 3- 2+. 3-

1/5 O· 0; 2+, 3- 2 2+. 3- 2, 2+ 2 2, 2+ 
M69-64-224 

0 

(M69-WS9-11- 1/3 1-N Or ON 2+, 3- i 3 ON 3 l-rc62-13-r4) 
1/3 1 

O· 0; ON 2+ ON 2+, 3- ON 2+ 
1 

, 
1/3 ON 2+. 3- ON 3- 2, 2+ 2+, 3- lN 3-, 3 1 

1 1 

t""~" ", -,- ,,- --,- , .,,, ..... ,---_._._--~, ·------9 
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APPENDIX TABLE XII - contmued 

!-!ethod of Parent races Fl ( ~ xe) inoculation, No. of 
environment • Varieties seed- 1 2 3 4 Cr65-26 Cr65-26 Cr6S-26 Cr65-26 

and date lings -3A-2 -3B-2 -SA-2 -5B-2 
tested (3 X 4) ~4 X 3) (3 X 4) (4 X 3) 

11I, M69-64-241 
Ge 2, (M69-WS9-11- 2/2 ON 1, 2 l, 2 2+, 3-1 l, 2 2+, 3- lN 2+, 3-

11 Nov 1965 
MC62-13-r4) 

M62-64-S57 
(1-'162-2672-2- 215 3 0; 0; O· Og O· O· 0; • , , 

rl) 
115 :r 

3+ ON, 0; ON, O. ON, 0; ON, 0; 0; 2+, 3-1 0; VJ 
0\ 

1/5 3 0; 0; 2N 2N, 2+ ON, 2 2+. 3- 0; 

1/5 1-N 0; 0; O· , O· • 0; ~. 3- 0-, 
M62-64-664 l/a l l l 
(M62-268S-14 

l :3 3 l l 

-1) 3/a l l l l 2+, 3- 2+, 3- l l 

4/a l l l l 2, 2+ 2, 2+ l l 

t HI. M29-63-868 
GC 17, (Morden 29) 3/3 Inoculation 3-, 3 ON 2+, 3-, ON 3 ON 3-, 3 

failed 3 
7 Mar 1966 

t __________ _ ________ ~~ _____ ~ _______ _ 
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APPENDIX TABLE XII - continued 

Method of Parent races FI (~ x c)l) inoculation. No. of 
environment • Varieties seed- 1 2 3 4 Cr6.5-26 Cr65-26 Cr65-26 Cr65-26 

and date linga -JA-2 -3B-2 -SA-2 -SB-2 
tested ~3 x 4) ~4 x 3) _(3 ~ ~) (4 x 3) 

MI. CM9CRR 4/8 Inoculation 0; 3. 4 3. 4 3. 4 3, 4 3, 4 30 4 
Ge 17. faUed 

7 Mar 1966 l/S " 0; 3- 2+ 3. 3+ 3 3- :3 

1/8 Il 0; 3- 3- lN. 2 3- 3- 3 
three 3- If 

\J) 

1/8 Il 0: 3- 2. 2+ 
--J 

2+. 3- 2+. 3-? 2+, 3-? 3-

1/8 " 0; 3 2 2, 2+. 3- 2+, 3- 201- 2+ 

Cr65-26 Cr65-26 . 
1 2 3 4 -6A-2 -6B-2 

~3 x 42 ~4x ~ 

RI. 837-:388 S/S 3,4 5/S 3.4 5/5 3,4 5/5 3,4 5/S 3,4 S/5 3.4 
Ge 6, 

1129-64-417 5/S lN,2. 6/6 3-,3 6/6 0;, 6/6 3-.3 S/5 0; . 5/S 3 , (!-:torden 29) fr;sw 2+ 1-, 1 2S Sept 1965 2/S 3+ 2/5 3 
CM90RR 4/4 0; S/5 0; S/S 3,4 6/6 3,4 2/S 0; ,l, 3/S 0; • 

2,2+ at at tips 

M62-64-631 
tips 3- 2+, 3-

1/5 0:.1 
(M62-268S-14-I) l l l l l l 

)~ _ .. __ .~--~ -- ----=\ 
-=-
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APPENDlX TABLE XII - coIIt.:inued 

Method of Parent races 
inoculation, No. of 
enviromnent • .Varieties seed- 1 2 3 

and date lings 
teBted 

MI. S37-388 3/3 J- 3- 3-
GO 2. 

l-'.129-63-868 2/4 ON, l-N 3 ON 
(Morden 29) 

li Nov 1965 2/4 ON 2+. 3- ON 

CM9OR..l1. 1/3 0; 0; 3-

2/3 O· , 0; 3-

M69-64-224 
(M69-li59-11-

4/6 ON ON ON 

MC62-1:3-r4) 1/6 I-N :3 ON 

1/6 ON 3 ON 

M69-64-241 1/2 ON 0: I-N 
(~62-W59-11-
MC62-]J-r4) 1/2 O· • 0; 21\:f 

M62-B+-557 1/2 3 0:. l, 2 O· 
(M62-2672-2- • 

rJJ 1/2 2+. 3- O· t 0; 

M62-64-664 
(M62-2685-14-I) 6/6 l l l 

(:~ 

Fl (~x()l) 

4 Or65-26 Or65-26 
-6A-2 -6B-2 
~3 x 4~ (4 x 3) 

3- 3- 3-

2. 2+ ON 3 

2. 2+ ON 2+, 3-

3.,. 1- 0;. 2 t 
\..0) 

2, 2+ 0; .1,2 l, 2 CP 

2+ ON 2+ 

:3 ON 3 

2+. 3-1 ON J-

2+ ON 2+ 

2+ ON 2 

ON. 2 mON, 2 ON, 1 

0; ON, l 2+ 

l l l 

-9 
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Method of 
inoculation, 
environmeIIt , 

and date 
tested 

MI, 
Ge 17, 

7 l-:far 1966 

t
:r=\ 

1 

APPENDII TABLE , XII - continued 

NO Ii or Parent races 

Varieties seed- 1 2 3 
lings 

M29~63-868 3/3 No 3. 3+ ON 
infection 

CM90BR 3/6 " 0;. few 1 3. 3+.4 

3/6 i, 3. 3+ 

4 

3-. 3 

3. 3+. 4 

0;, 1. 2. 
2+ 

11 MI. multiple inoculation; RI, routine inoculation; GH, greenhouse; 

(=, 
; 

Fl (9 x cSï) 
Cr65-26 Cr65-26 

-6A-2 -6B-2 
~3 x 42 (4 x:n 

J. 4 3. 4 

3. 4 3. 4 

0;. l 0;, l 
t 
'.:.> 
\0 

Ge, grm-1th cabinet 0 

El Numerator indicates the number of seedl1ngs showing particular reaction types, and denominator gives the number 

of seedlings tested. 

o 

" 

~ 
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