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ABSTRACT

Fou_r varieti-es of fl_ax (C"f " LzZj, C"I " LzZ3, C,I " IZI7

and C.I. 1218) were studied for reacti-on to three physiologie

races of flax rust, Each of the four varieties was crossed

with the tester varieties Bison, Dakota, Bombay and Crystal,
Segregation of the resulting F2 and F3 populations was analyzed

for reaction to each of the three races of rust (D-8, D-10 and

&1)" Results of t,he analysis were as folLows;

1. A gene governing an immune reaetion to al-l- three races in
C.f . 1225, This gene is al_lelic to the (t) gene assumed

to be carried by Crystal,

2. Two genes governing an Ímmune or resistant reaction to all-

three races in c.r" 1223" One of these genes is al]-er-ic to
the (U) gene assumed to be carried. by Dakota. The second

gene is al-Ielie to the (N) gene assumed to be carried bv

Bombay"

3. A gene governing an immune reaction to al-l three races in
C,f. i?lrg" This gene was noi alieiic t,o any of the genes

assumed to be carried by the tester parents"

b" Two genes governing an immune reaction to all three races

in t.I" l-218" These two genes are different frorn the (M)

and (N) genes assumed. to be carried by Dakota and Bombay

respectively" The relationship of these two genes to the
gene or genes carried by Crystal_ is uncertain,



ïNTR0DUçTJ_0N

Cultivated f1ax, LinUm -U_ËiUa-tjEqiUUg L, e ís the only
one of about one hundred species of the genus Ltrgg 0+il that
is curtivated. The chief usefur product,s of the crop are the
linseed oi1, which is used in the paint and. varnish industry,
and the fiber which i.s used in the manufacture of li-nen"
The flax rust fungus, Mefqurpsqra lini_ (Pers,)Levq¡ has been

found to exist in all areas of the world r'rrhere flax is
cultiva.ted, namely, North America, Ëhe Argentine, Russia, Europe,

ïndia, Austra.lia and New Zealand, The disease, commonly

known as rflax rustf, has occasionalry been very destruetive
to the flax crop due to its occurrence in epidemic proportíonso

Several such epidemics have been reported in the United States

betr¡¡een the years 1928 and 1951" rn rndia the disease is
responsible for an average annu.al reduction in yield of about

28/" (3h).

Hov¡ever, losses in yield due to ru.st have been reduced.

annqi rlor^.elrl rr in raêôâF+ îr^68^ ^L; ^Fì ---r & ^n -Áv*J È¡¡ ¿ sve¿¿v J se¡ ù, \,t1._Ltt¡J-y cl'Þ A ¿-eÞLlJU UI d.

systematic approach to ühe breeding of resistant varietj.es
brought about by a knowledge of the physiologic races existing
in a regíon and of the genes for resistance possessed by available
host varieties,

The importance of the role that physiologíc races

have prayed in North America is illustrated. in a number of
varieties grohrn in the North Central States between the years
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L93¡- and 1951. Bison, released as a wilt and rust resistant
variety ín 7926, has been susceptibre to arr collectlons of
flax rust made in North America since L93L. Koto whj.ch was

developed as a replacement for Bison, succumbed to rust whiLe

being increased for distribution in r9z7. Dakota, Renew,

custer and Arrow were rereased. as resistant varíeties in
L9l+6, but in 1948 races attacking these varieties were

observed in North-western Minnesota and Eastern North Dakota"

By 1952, the varieties B 5l,Z8¡ Marine, Redwood, Rocket and.

Sheyenne had replaced Dakota"

l{elamp€el:e 1ini (Pers,)Lev, differs fron pue_cjn-ia

eraminfs ErÍks, and Henn,, in Ëhat it Ís autoecious" The

possible origin of new races through hybridization and genetic
recombination, therefore, seems unlimited. That there are
extensive reconbinatj-ons in the sexual stage of M. lini was

shown by Flor (t3). He isolated 6[ races from the F2 progeny

of a cross between race zz from south Anerica and raee zt+

from the United S¡s¡ss. 0f these, 62 were previously unknown,

and some were more virulent on eertain varieties of flax
Èhan eiüher parental raceo

ïn view of the complexity of the problem, it is
imperative that ner^r sources of resistance be explorecl and

elassified- to provide for the eventuariby of new races of
flax rust found to be virulenË on varieties nol¡r considered
resistant" It is well known that vari.eties which are resistant
in one region nay be susceptibre in another. rt is also known
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that south American races are widely vÍrurent (I8), attacking
most of the varieties resistant in Australia, Europe and North

America. rt is therefore possible that introductions from

South America could be valuable sources of resistance enablÍng
plant breeders to dear more effectively with changes in the
races prevalent in North America, Thi-s study was undertaken

to determine the roode of inherítance of rust reaetion in four
flax varieties of Argentine origin.
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LrTEn¿,ruinq_lwI_E-ì{

f . The je_g!

1" fu!.ú, Cultivated flax, LinuX0 us_j_tgÞis_s:L!ru4 L"

is an important commercial crop" According Ëo schilling (lg)
it originated through human selection from the wilci species,

!' angus'ulf-o-liun Huds., which is prevalent throughout the
Mediterranean reglon and is the only species with which it
can be crossed readi_ly" Vavilov (loZ) maintained. that culti_
vated fl-ax was polyphyletÍc in origin.

2. Chrprnospmç Jr¡gber. Ray (ll) reported haploid
ehromosome nunbers of Bo p, f0, 1& and 15 i* 36 species of
the genus Linum. There are confricti-ng reports as to the
chromosome number in r,i¡us usitatiss_Lnun. several workers (6)

report the haploid ehromosome numbers of n = 16" However¡

many other workers report (S) the chromosome number of n = 15.

3" sources of Rust Resistance. varieties highly
resistant i.n one region ma]¡ be susceptible in another. Bison,
rrnir¡nnaal'ì.. ^*Àiì-ì -q¡¡+vç¡ sar_LJ ùu-Þucyr/r-uJe uo racgS l_n rlorEn Amertca, Uurope and

sou-th America, has been found to be immune in Austral_ia (1g),
Bombay, which is suscepti-ble to Australlan races, was found to
be immune to races prevalent in the Argentine (rg) " Twenty

races isolated from European col]ections of flax rust resemble
North American races in pathogenicity (lg) 

"

Iï" The PathoEe:r

Ln History and Host Speeialization. persoon (lZ)
described a rust fungus on !, catharticurn and !" usitatissirquln
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in 1801. He named it Ured.o

transferred it to t,he qenus

minqge B. 1ini. Leveille (28)

Melampsorg and called it
l¿lelampiiojra lini_"

Arthur (z) demonstraüed that Melappsqr-a r-ini (pers,)
Lev" is eu-autoeclous" lfhile it is known that the rust of
curtivated fl-ax can perpetuate itself readily in the absence

of any wild species of Linum, it is possible that some of
them may serve to increase the inoculum. .{rthur (z) ,

Pethybridge s! gl" ?lJ and I'tiss Hart Qz) obtained successful
infection of L" Jewisii, L. anEustifolium and L. f.Leidum
respectively with teliar material from cultivated flax.
.A.rthur QJ reports three add.itional species, L, breweri,

!. eonges-Ëum and !. Drvniaroides¡ âs hosts of iviela¡apsora lin_i
in california. Palm (lr) from cross inoculation studies
concluded that rust on cultivated frax was physiorogicarly
and, in sone cases, morphologiealry distinct from that on

certain wild fl_ax species"

2" Life-Cvc1e. All-en (1) demonstrated the heterothallic
nature of flax rust. She stated that the ir'¡¡nature teliospores
are dicaryotic. During germination the nuelei fuse to produee

the diploid phase, two suecessive dlvisions of the diploid
nucleus, one of which is a red.uetion d.ivision, result in l*

haploid nuclei which migrate into the t¡ spori_d.ia in the
promycelium. sporidial infection of a susceptible host
results in t'he formation of a pycnium" Each pycnium is
incapable of further development unless pycniospores from a
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pycnium of opposite rnating type are transferred to i.t. Then

it develops into an aecium bearing dicaryotíc aeci-ospores"

The aeciospores reinfect flax, producing the dicaryotic
uredÍaI stage which repeats itself,

3 . Phvsiol_oErc __$pec ialization. Physiologie raees of
rusts are dicaryotic cLones identified by the types of
infection produced on selected varieties termed rhost testersr
or tdifferentialsr (l8) .

Henry(zl)suspected.theoccurrenceofphysioIogic
forms of i'te-l-_arnpçoJa 1Íni (Pero,) Lev, on cultivated. frax but

did not demonstrate their existence" Physiologic specialÍzatÍon
' in M. liai v¡as first demonstrated by Flor (8) " He differentiated.

lle raees by the reaction of 9 flax varieties" Using additionat
differential varieties, Flor (9) identified 10 add.itional
races.

Physiologic specialization of flax rust has also been

demonstrated in Argentine by vallega (&l), in Europe by straib
(¿oO), in AustraLia by VJat,erhouse and Watson (U*) and. Kerr (,zT),

in India by Prasada (3/+) and in New Zealand by truickshank (&)"

ïïf" EpLdemioloEv

The varieties of flax gro$rn in North America between

L93I and 195I largely deter¡ni-ned the prevalence of t,he different i .,

races" Flor (L7). indicated that since this rust attacks only
species of Li-num, the survival of a particular race depends

upon the continued produetion of variebies susceptible to it.
Races unable to attack the current commercial variet,i es
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disappear, while those attacking the predominant varieties
tend to increase, Bison was released. as a rust resisËant
variety in 1926 (12) but it has been susceptible to all
collections of flax rust mad.e in North Ameri_ca since rgi.r when

physiologic race studies vùere started.. Dakota, carrying the
Newland gene for rust resistancerrrras released in 19þ6. rn
191+8, however, it was attacked in Tulinnesota and North Dakota
(t7)" Koto was immune from rust d.uring several years of
nursery fests, but was attacked while being j-ncreased for
distribution.
ïV. Di{f,qfential Varieties

1" Origin of_ Differentials. The flax varieties that
differentiate physiologic races of þIelampgo_ra lini (pers.) Lev,,
were seleeted by the trial and error method" Flor (9) tested
the reactions of 50 varieties of flax to j6 rust collectlons
made in 1931 and 1932. He found the reaction of individual
plants of varieties possessing some resistance to be extremely
variable" rt was, therefore, necessary to develop lines
from these varieties which were pure for rust reactÍon. This
¡¡as done by individual- plant seLection" Fo]lowing this
procedure Flor (g) isolated IL physiologic races by the use
of 7 differentials" These hrere vrrilliston Brown, Akmolinsk,
J.!J"s"rPa1e Blue crirnped, Kenya, a,rgentine selection (c.r " To5)
and Abyssinian"

2"I
Genes' Differentiar r-ines possessing single rust-conditioning
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genes usuarly show less variation in infection type than d.o

lines ûr"ith 2 or more genes. Flor (fg) stated that if each

host tester possessed a single gene for rust resistance,
race determinations wourd give a more nearly eomplete

indication of pathogenicity, and the Ídent,ification of rusb

resistant genes in varieties would be simplified..
Flor (18) in 195/+ revised the flax rust d.ifferential

varieties. Although two of the old differentials were dropped

because they gave rittle information or had unsatisfactory
reaetions there was little loss in contínuity of race

identifieati.on as 16 of the 18 new differentials either were

old differentials or were derived from those previously used.

He developed these lines pure for each rust eonditioning
gene by backcrossing to BÍson"

V. Inheriüanee of PaLhoEenicity

Flor (U) studied the reaetions of sixteen rust
differentiating varieties to races 6o zz and, zl¡, and to selfed
cultures of these races. He also studied the F1 and F2 hybrid
cultures of raee 22 erossed with race zb and, race 6 crossed.

with raee 22" He found that virulence was inherited as a
recessive eharaeter, since F1 cultures were unable to attack
varieties resistant to either parent race. Varieties susceptible
to both parent races r¡rere suscepti-bre to the F1 cul_ture. out
of r33 F2 cultures segregation ratios of 1;1, 1:15 and 1:63

of virulence : avirurence were obtained.. The only exception
was from the varÍety lfilliston Brown, rn this instance a
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ratio of 3 virulent : 1 avirulent was obtained" 0n the basis

of these results Flor eoncl-uded that in the pabhogen as a

general rule, avirulence is inherited as a dominant character

and virulence was inherited as a recessive charaeber"

Pathogenicity to Ottawa 77O Bt Bombay, Newland and

Tammes Pale Blue was in each case conditioned by single

genes dÍfferent from one another. Pathogenicity to Bo1ley

Golden and ftalia Roma was in each case conditioned by pairs

of duplicate factors, and pathogenicity to Morye was conditioned

by 3 pairs of factors. Flor analysed these results on the

assumption that for each rust conditi.oning factor 1n Èhe host

there is a specific faetor for pathogenicity in the rust
organism"

fn the cross of race 22 by race 2t7 segregation for
pathogenícity on the varieties AkmoLinsk, Abyssinian and

Leona was in a ratÍo of 23 viruLent : 110 avj.rulent. Flor

states that pathogenicity on these three varieties bras

inherited as a unit on a slngle factor basis, However, in
the cross of race 6 with raee 22 Flor found it necessary Èo

assume a faetor in Alsnolinsk distinct from Abyssinian and

Leona in order to explain the pathogenicity of rhybrid At

derived from the above cross, Flor (13) states that since

Abyssinian is susceptible to a number of North American

raees to which Leona is resistant, these two varieties
possess different rust conditioning genes, Consequently,

it is probable that separate but closely linked factors
condition pathogenicity on Abyssinian and Leona.
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In the pathogen Flor (U) Ídentified 18 genes for
pathogenieity occurring in 12 linkage groups" These linkage

groups were identified on the basis of host reaction and are

Golden and l¡Iilliston Brot¡n - inherited

Abvssinian and Leona - Ínherited as

trinrped and Kenya - ínherited as a

-l I
I
I
I
I
I

I
I

Iuel

as follows:
Group I

ïï

ïïr -
ïv-
V*

VÏ-
VÏT -

VTTT & TX *

X-
xr-

xII-

Williston
as a unit.
Atcrnolinsk,
a unit"
Pale Blue
unit"
Ottawa 77O B

Bombay

Newland

Tammes Pale BL

conditioned by single genes
in eaeh case different from
one another,

Bolley Golden and Italj.a Roma - conditioned by
paÍrs of duplieate factors in each case.

Morye - conditioned by three pairs of factors.
Buda - conditioned by t¡¡o factors - one of these
factors is linked with the facLors for patho-
genicity on Akmolinsk, Abyssinian and Lèona.

J.-l^í.S. immune from races 6, 22 and 2b, was
;---..-^ F*^* ôt1 tr- ^..1¡.,*^^ ^F ì^--l^-; J^ ^F ¿1^^^^I¡turILtIlE t I Lr¡u Ê- ) J- t Z U Lt.L t/ (¿I çÞ \.,I lry l.'',¿ J-\¡Þ U-L UIME
races"

FLor (f¡) claims that there is a parallelism in
linkage betv¡een certain factors for rust reaction in the host

and those for pathogenícity in the fungus. He states that
pabhogenicity to AkrnolÍnsk, Abyssinian and. Leona (host

varietj-es having factors in tkr.e NN seríes) uras aLso l-inked

with that to Bud.a (¡1¡19fu12) indicating that linkage between

pathogenic factors rtranscendst the linkage groups conditioning
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resistance in the host. Mayo (Zg) states that Flor apparently

uses the term linkage to cover aIIelism. He states further
that this would mean that members of a single lin}<age group

in the pathogen correspond to genes belonging to more than

one linkage group in the host, and thÍs deals with corres-
pondence between groups not yet established,
VI, Inheritance of Bust Reaction

llenry (zln) in his studies on the inheritance of rust
reactíon in flax reported that the varieties Bombay, Ottawa

77o B and an Argentine selection r¡Iere immune from several

coLlections of flax rust from North America and- one from

Europe" He found tha.t Ì-umunity was conditioned by single
dominant factor-pairs in the varíetj_es Ottawa 77O B and

Bombay and by a pair of duplieate factors in tkre .A,rgentine

selection"

Myers (¡O) stud.Íed the inheritance of reaction to a

field eollection of flax rust and to a singre physiologic
race in 37 crosses ínvolving 17 varieties or strains of
flax. He found that imnunity was d.ominant to resistance
and su-sceptibility, and resistance was dominant to semi-

resistance and susceptibility" The reaction to the colLection
and to the single physiologic race u¡as similar, He explained

his results by assuming duplicate factors in two different
aIlelic series.which he called L and M,

Flor (10) studied the inheritance of rust reaction in
a cross between Buda and J"tr{"S. to several physiologic races"
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He explained his results by assuming rust reaction to be

conditioned by a single gene in J"w"s" and by z genes in
Buda.

Flor (fO) studied. the i-nteraction of genes fcr rust
reaction in 16 varieties used as differentÍals and ir additional
varieties of flax. He identified 23 different genes, 19 of
which conditioned rust reaction in the 16 differential varieties.
He placed 16 genes in 3 series of multiple alleles or closel_y

linked groups, designated. L, M and N" He plaeed Z in the L

series, þ in the M, and 5 in the N series" He observed

crosslng-ov€r in some hybrids between varieties carrying
genes designated by the symbol N"

Kerr IZZ) found that Koto, Bo1ley Golden and. Italia
Roma each carried a gene in the L series of arl-elomorphs

conditioning immunity from the Australian race A. He

identifi ed 2 different genes at the M locus in ftIalsh, a
variety mixed for rust reaction" Ottawa T7O B, Koto,

Aknrolinsk, Abyssinian, Tammes Pale Blue¡ 'Walsh and Argentine
sereetion c.r. l+62 carrj-ed al-leric genes for rusb reaction
linked with the N gene conditioning rusË reaction in punjab.

Argentine selection and Bo1ley Golden carried. a gene for
rust reaetion at a Locus other than that occupied. by the L,
M, or N series"

Flor (ef) lists the genes for rust reaction in flax
occurring as rnultiple aIleles in at least 5 roci: one at the
K locus, 11 at L, ó at M, 3 at N s b at P and z unpl-aced genes"
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Playo Q9) criticized. Iulyerst(30) original evÍd.ence for
alIelism. He says that only 11 of t]ne 37 crosses tested by

Myers could contribute to hÍs hypothesis and. in these the

data are often unsatisfactory, Fu-rthermore, ivlyers used. a

fierd colLection of the pathogen and a single physiologie
race which he called tstock forn þ1, which he claimed behaved.

identically for purposes of analysis but this is not shor¡¡n i.n

his results.
vïï. Host-parasite rntelaction

Henry (ztt), Myers (30) and Flor (fO) independ.ently

showed that resistance to rust in flax has been inherited as

a dominant charaeter, although with some genes dominanee is
incomplete" Avirrrlence in the flax rust fungus has been

inheribed as a domÍnant character on all varieties except
Ifilliston Brown (Zt).

Flor (zr) states that the host-parasite interaction
in flax rust may be explained by assuming a gene-for-gene

relationship between rust reactÍon in the host and patho-

genieity in the parasiËe, ftPustule type, the criterion of
both reacti.on and pathogenici-ty is conditioned by specific
pairs of genes, one in the host, and the other in the parasite.n

FLor (zr) used the syrnbols A and v to designat,e genes

for avirul-ence and virul-ence respectively in the rust fungus
with subscripts indicating the differential variety on which

the gene eondit,ioned pathogenicity. In 1955 Flor (ZO) used

a new syst'em of gene designation to show the specificity of
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interaction of the genes in the host and parasite. The s¡rrnbol

of the gene in frax with which the gene in the rusb fungus

interacts is used as a su-bscript (A = avirulence dominant,

and v = virulence dominant) to ind.Ícate this specific
relationshÍp 

"

According to Florts eomplementary gene hypothesis,
resistance occurs only when cornplementary genes in both
host and parasite are dominant (except on the idilliston
Brown gene Ml to whieh virurence is d.ominant). rf either
or both of each pair of complementary genes are recessive
susceptibility resul_ts.

Flor (zl) illustrated the parallelism of the inheritance
of rust reaction and pathogenicity from his data of 1956 (zo)

and r9b7 (16). rn the cross of Ottawa 77o B x Bombay, plant,s
possessing the Bombay gene (N) were resistant to race zz and.

those possessing the ottawa 77o B gene (t) were resistanË to
raee 2þ" AlL host-parasite combinations other than N - Am

and L - AL resulted in susceptibility.
rn the cross of race zz a race zl+o curtures possessing

the avirurent gene A¡ of race zrr dicr not attack Ottawa T7o B

and cul-tures possessing the avirulent gene A¡¡ did not attack
Bombay" All parasite-host combinations other than A¡ - L and

A¡V * N resulted in susceptibility,
Mayo (29) states rhat Fr-or (tgtnz-lgst+ì deveroped the

idea of specificity of reactìon between host and parasite to
the point where the effects of one d.ominant gene in the host
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are exclusiveLy specific to the effeets of one dominant gene

in the pathogen. For exarnple the genes Aab, Aak and 41"

must be separate in their specificities though they segregate

together. Mayo indÍeates that the evidence is insufficient
to support this ext,rene interpretation which is not necessary

for the basic usefulness of the concept in breeding for disease

resistance"

Ivlayo Q9) also criticizes Florts (tgtr6) (r¡) conclusion

that specificity between the effec'bs of host and pathogen

genes ensures that pathogen strains arising through hybridi*
zation will not attack host strains previously resistant to
both parental strains of the pathogen. The fact, for example,

that Bombay, immune from races 6 and ??rwas immune from the

98 F2 eultures of this cross could be due as Flor suggests (I5)

to races both 6 and 22 being homozygous for a dorninant gene

conferring avirulence when reacting with a domi-nant generfor

which Bombay is homozygouso conferring irununity. But Mayo Qg)

states that if the two races differed in their dominanb genes

for avirulence, then it could arso be ascribed to the chance

that 98 FZ cultures failed to produce the necessary recombinant

to perrnit virurence, either due to close linkage between the
pathogen genes or to even more than 2 genes being concerned

in the reacüion"
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MATE&IALÞ. A\p_ rrE rHopË

S our c e_ o:f_l\.[at erial
The materÍaLs used in this study came fron bhe United

States Department of Agriculture Idorld Flax Collecti-on. The

follot¡¡ing parental material- was used in this study:

Probable rustVarietv OriEin _ se¿rctig¡_gengtype _

C.I. 1218 Argentine
o.r" L¿Lg ff -c.r" L?23 fÎ _
CoÏ. L225 tt -Bison North America 11 mm nntrystal tf LL mm nnDakota Ir tl_ Mivl nnBornbay tr 11 mm NN

Phvsåo_IoE iq Rac es _Uged

Three physiologic races, namely D-8, D-IO and race I¿1

were used in this study" Race D-8 and D-lo were obtained

from Dr. B" Peturson, of the Laboratory of Plant Pathologyo

Canada Department of Agriculture, Winnipeg. fr,ace LL was

^L¿^:-^l 4.^^- fl- LI lÌ T¡r-- -¡ !r-- nr---.,r- ñ-r ¡ 
^ 

.Lrrr uclJ-¡j.cLr r r.-(J!r r.rr-o rt o rI e f J_ur', oI GfIe rtor.Ën uaKoI'a l|grlcu-LEural_

Experiment Station, U.S"A"

S e edlng_Uh e _P_aq e_n Þê1j4at er iAI
The parental- materiar was sohrn in the Domi nion cereal

Breeding Laboratory, WÍnnipego in the winter of I95b, Six

inch pots were used, and five seeds uJere solün per pot.
seedings were made at five dates at intervals of one week,

conrnencing November 26t I95l*.
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Crosses Made

The fo]lowing sixteen crosses were made in the
greenhouse:

C"ï. IZZ5 x Bj_sonrf x Crystaln x Dai<otan x Bombay

nTìuoro :ZZJ x Bisontt x Crystaltt x Dakota1? x Bombay

C"f. LZl-g x Bison
ll " crysral

x Dakota?t x Bornbay

C"I. 1218 x Bisonr? x Crystal
ll " Dakora

x Bombay

the varieties with t,he c,r" numbers were used as the female
parents and the tester parents (Bison, trysËal, Dakota and

Bombay) rñrere used as the mal-e parents. fn order to overcome

any heterogeneity that may exist between planüs wit,hin the
same variety it was originally planned to use one plant as a
female parent in each of the varieties with cnr, numbers and

one plant from each of the mare tester parents as a source of
pollen in each cross. Hovrever, this was found to be iropraetic-
able due to inadequate flowering by some plants, the inability
to obtain flowering to coincide between male and female parents
in every case, and the poor seed.-set in some crosses, Therefore
in each cross two prants were used as the fernale parents and

on an average three plants were used as male parents. The

identÍty of each cross was maintained. by means of labeIled. tags.
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Ilandling the FI Material

Twenty five F1 plants hrere grohrn from eaeh cross. The

seeds were spaced I inch apart and seeded to a depth of r/b
inch in a sterilized soil bed. The seeding was d.one in a

greenhouse of the tereal Breedíng Laboratory, Canad.a Department

of Agrieulture, trilinnipeg, in the summer of L955" From the Ëime

the plants were abouÈ one foot taIl they Ìrere supported upright
by means of a wire mesh,

lfhen the plants r¡rere ready for harvesting, seed was

harvested from each plant separately" The F2 seed d.erived

from each F1 plant was crassified as an F2 famiry, The

identity of each family was mainÈained as folLows:
ê.g. Cr * 12t8 - Iff - 5 - Ã9|51
where Cr = one parent in cross of Crystal x 1218

1218 = other parent in cross of Crystal x 1218

ïfI '= F2 family nur:cber three

5 = FZ plant number five within family IIf
1955 = year seed from F1 plant was harvested.

Handling the FZ Material

ïn order to obtain a minÍmum of zoe F2 plants and to
account for losses due to poor gernÍ-natj-on, z5o Fz seeds from
each cross were seeded ín lrå inch pots and grovrrn in the
greenhouse during the wÍnter of l-955 to Lg56 (plate fI),
FÍve seeds were sovùn per pot. In addition twenty seeds from

each parento and lJ F1 seeds, r¡rere seeded at thís time.
During the seedi ing stages the temperature in the greenhouse
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was maintained between 60 and 70o F. Supplemental illumination
was given the plants at this tíme.

The Exeised Shoot Technique

The excised shoot technique that was developed by

H. B, Kerr (126)- was used. when the seedlings were 3 to L

inches high, the shoots were excised about ! inch above the
cotyledons. The excised shoots were placed. in specially
construcËed boxes containing water and were inoculated with
the appropriate physiologic race immediately (Plate IIf) 

"

The rooting boxes were made of plastie according to
the followÍng speeificaùionsz ZÈ- ft, x lå ft" x 6 in. The

sides of the boxes 'hrere glued with ethylene dichlorid.e"
Fitting into each was a plastic lid, Holes l,/l¡ inch in
dianeter and å inch apart were made in the rid., Eaeh box

accor¡modated 1000 excised shoots.

Each excised shoot was praced in a hole and id.entified
by means of a number marked beside each hole. Ten excised

shoots from each parent lrere used as checks. rn addition to
this, ten excised shoots of Bison were used as a universal
check in every test"
ÏnoculaËion Procedure

The shoots in each box were inoculated with the specific
physiologic race as follows:

1" The leaves were moistened by means of a fine spray from an

atomi-zer.

2u A srnall quantíty of the inoculum was d.usted. on the leavesu

The leaves r,üere then rubbed gently between the fÍngers.
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3, The leaves were moistened again by means of a f ine spra-y

and then dusted with a mixture of one part of inocuh:m to
J0 parts of talc,

lþ. The leaves '¡¡ere moistened with a fine spray once again"
I@

The boxes containi-ng Ëhe excised shoots were placed
j-n a tray containing r¡rater, which was then covered. rÂrith a
lid. This provided the humidity conditions necessary d.uring

the incubation period. The boxes r¡rere l-eft in this ehanber

for about 18 hours and then returned to the greenhouse beneh"
The temperature in the greenhouse was maintained between

60 and 70o F"

A porËion of the F2 data was gathered in the sunmer

of 1956" The high tenperatures in the greenhouse were

cireunvented by pracing the boxes in a growth chamber afËer
inocuration. The temperature in the cha¡rber was control_led
at 650 F"

Re¡Uür¡e__.þhe Rust Eeaction

fi,ust readi-ngs were taken as soon as pustules appeared

on the leaves of the susceptible plants. This took place
about 10 to Lz days after inoculation" The reading of the
rust reaction was based on Florr s (18) system of cLassification
with some modifications (Prate r), and. was as follor,rrs:
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Class of
host
ctíon

Inmune

Resi-stant

Resistant

Resistant 3

Susceptible

¡ ¡J-åtr.t J
susceptible

1

2

No uredia developed; heavily inoculated
leaves may be stunted and show variable
necrosisi they may develop flecking with
variabl-e distortion or they may shõw novisible evidenee of infection"
Chlorotic fleck; chlorotic fleck surrounded
by neerotic zone"

Uredia mÍnute to small, dístinct and
sca-ttered; they may or may not be
accompani_ed by chlorosis of surrounding
tissue. Little necrosis or leaf d.istoition,
Uredia small- to medium, always associatedwith necrosi-s of adjacent leâf tissue and.stunting and distortion of l-eaf, they may
be rudimentary and distinct or may fôrm
crust-li-ke aggregations in necrotic
areas. Isolated pustules and. those at
margins of necrotic areas may be mediunrin size and produce an abundance of spores
but are surrounded by a necrotic zone
which becomes more distinct on ageing,

UredÍa rnedi-um sized, vigorous but not
compound. Development somewhat retardedin heavily infected leaves with areas
ad_jacent to uredia becoming more or lesschlorotic, especially as ttre pustules
age; litt1e necrosis or leaf distortion"
Uredia large and compôund, if isolated.,
no necrosis and littIe chLorosis of
adjacent tissue except under unfavorable
growÍng conditions,

Each plant was examined eareful-ly with a hand rens and

classified as above" where difficulties of classification
'hlere observed, notes T¡rere taken.

HandlinE the Second and-Third Cuttines

Three physiologic races were used in this study"
consequently three cuttings r¡rere taken from each plant" The
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second and third cuttings were taken about fifteen days after
the first cutting" The cuttings inrere taken from the two shoots

whieh develop from the axils of the eotyledons. The two shoots

lrere placed in separate boxes, The boxes hrere fÍ1Ied with the

exeised shoots as described previously and eaeh inoculated
with a different race. The i-noculation and i-ncubation

procedure was carried out in a manner similar t,o that, deseribed

for the first cutEing.

fggtease and Stpeage_of fnocuh¡r¿

The original ínoculun obtained was increased on the

susceptible variety Bison. Ten seeds of Bison hrere sown per

pot. When the plants were 3 to /ç inches high they were

moistened with a fine spray and. the specifie physiorogic race

dusted on the plants. The leaves were rubbed between the

fingêrs and sprayed again, The pots were then placed in a

hu¡id chamber for about 18 hours for incubation. The pots

were removed from the hunid chamber and placed in separate

greenhouses to prevent contamination of the races. vühen the
pots were placed in the sane greenhouse, contamination of the
races was prevented by means of a covering around the pots

(Plate rV).

During the su¡nmer months the inoculum was collected
into small vials and stored in the refrigerator,
Mi c ry_t, on¡e-rÞE c'Uþ¡ins

Microtome sections of leaves were taken in order to
classify a fleck-type reaction" The leaves were first fixed
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in Formal-Acetic alcohol (FAA), which was made as follows:
Formaldehyde 90 cc
Glacial aeetic acid 5 ee
50% Ethy:- aleohol- 5 cc

The materÍa1 after fixing and dehydration was embedded in
paraffin wax and stained in Carbol-thionine" Microtome

sections I/2A microns in thickness were taken. The sections

hrere exainined under the microscope. Photographs were taken

of the seetions showing infectj-on, Photographs were also

taken of the checks showing no infection.
Su at islise!_Pro c edur qg-U!i}i_a e d

The Chi-square method of goodness of fit tests were

applied to determine the probability of the proposed hypothesis

being tenabl-e.

Hand]ing the {a }.{aþerial-

The F3 material was grown in the greenhouse during the

winter of l-956 to 1957. The F3 lines !\rere grown in 6 inch
pots (Plate Ir). i,fhen the plants were b to 6 i-nches high

cuttings ttlere taken and placed in rooting boxes. The

inoculati-on, incubation and reading of the rust reaciion was

carried out in a manner similar to that described for F2.
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n!!E{_ Jg_fLIgr _0F PT4TES

Flate f" Classes of host reaetion.
1, ïmmune,

Z" F]eck (resistant),

3 " Resi-stant 
"

l+. Susceptible,

Plate fr" F2 and F3 populations growing 1n pots in the
greenhouse.

Plate rrr. The excised. shoot technique" cuttings from

individuar plants irnmersed in rootíng box prior
to inoculation"

Plate rv, rndividuar races of rust increased in isoration
in the greenhouse,

Pl-ate v" Transverse sections of the leaf of the variety
crystal after inocuratíon, stained in carbor--

thionine showing infection areaso

Pl-ate vr. Transverse section of the leaf of the variety
crystal without inoculation and stained in carbol-
thionine"
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EXPERTUENTAT RESUTES AN!_DTSCUSSION

The genetic analysis of the varieties used in thÍs
study is based on the F2 and F3 segregations of crosses

involving ühese varieties r,'iith certain tester parents. The

crosses ÍnvolvÍng each of the parents of unknown rust reaction
genotype to the four testers are presented and d.iscussed

separately" The F2 and F3 data are presented in a tabulated
form in the pages following" fn the F2 results, the F2

plants in each cross are shown in groups for the purpose of
indicating the differenee or sinilarity in reaction of the
individual plants to the three races, The F3 lines are

classified into three groups of immune or resi-stant,
segregating, and susceptible.

Crosses ï_n¡loJving__tþs _Varlety C 
" 
I. 1225

Table 1. Fz segregation ratios in the cross Bison x c.r. Lzz5
to individual races"

F2 plants having
Parental reaction indicàted reactioñ TheoreticalRaee Bison C.T" 1225 f R S ratío

D-8 S I obs, l.&T"O 0 3g"O 3:Iexp" 139,5 0 l+6 "5
D-10 S I obs" 14.2.0 O 39 "O 3".Iexp" 139,5 O b6"5

/+1 S T obs, l.I+7 "O 0 39 "O j:L
exp" 139"5 0 46"5

Ï! value for D-8 = 1.61 (P = between .20 and ,30)
\t value for D-10 = 1,61 (P = between .20 and. .30)
Xé value for &1 = 1.61 (P = beüween "20 and "30)
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Table 2" Reacti-on of parents, F1 and F2- in the cross
Bison x C.I"-1225 tó räces D-õ, D-IO and l¡,I.

Parents
Race Bíson C.I. 1225

F2 plants showing
indicated reaetionFt

IS
ISrS

D-8SrI
D-lOSTT
t+LSII

plants observed l.l+7 "O 39 "Oplants expected L39 " 5 l+6 "5

X2 value for 3:1 ratio = 1,61 (P = between .20 and. "30)

Table 3" FZ segregation ratios in the cross Dakota x C.I. 1225
to individual races"

F2 plants having
indicated reactionParental reaction

Race Dakota C.1" 1225
Theoretical

TDCr rL u fabiO

D-8 S I obs" tlr3 O 39 3:l
expe 1¿{.Ä, 0 /¡8

D-10 S I obs. Ij3 0 39 3:Iexpo 14I+ 0 ¿þ8

t+l R f obs" l-53 32 7 12:3:l*
exp" Lbl+ 36 12

Xf value for D-8 = 2"25 (P = between "10 and ,ZO)
X.: value for D-10 = 2"?5 (P = between .10 and ,2O)Xf value for tr1 -- 3.O9 (P = between "20 and "30)* xé value for 15:1 ratio for race &1 = ?"22 (P = beÈween "lo and "?o)



lable l+" Reaction of parents, F1 and F2 in the cross
Dakota x C.I. L?Zj úo Ëaces ¡I8r D-lO and t+1,
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Il
Parents

Race Dakota C"f" 1225
F2 plants showing
indicated reaction

D-8SIT
D-lOSTI
[1 RrI

plants observed I53 32 7plants expected 1¿l¿Þ 36 Lz

y2 value for 12:3:1 ratio = 3,O9 (P = between .20 and .30)

Table 5. F2 segregation ratios in the cross Bombay x C"I.
1225 to individual raees"

Parental reaction
Bace Bombav C.I" 122(

F2 plants having
indicated reaction Theoretícal-

TT}Qr rL .¡ llatio
D-8 f I obs" 196.0 0 10,0 15:Lexp. 793 .I 0 12 "9
D-10 I I obs, 196,0 O lO"O 15:1exp, L93 "l 0 L2.9

l+L s I obs, l.62,0 0 Lvb.o 3:1exp" L5b"5 O 5L5

TSS
ISS
IRS

X? value for D-8 = .68 (P = between "30 an¿ .5OX{ value for D-10 = "68 (P = between "30 and. .5O
Xé value for l¡1 = l.h6 (P = between "20 an¿ .3O



Table 6. Reaction of parents, F1 and F2 in the cross
Bonbay x C.I. J.225 úo iaces ¡IS, D-10 and &1"

3b

parenüs
Race Bombay C"f" 1225 II
D-8III
D-lOTTT
I{,1SII

F2 plants showing
indi-cated reaction

IIS
ÏIS
ISS

plants observed 162.0 3ü,"O l-0"0
plants expected L5h,"5 38,6 L2"9

X2 value for I2:J:1 ratio = L"56 (P = between .30 and ,50)

Table 7" F2 segregation ratios in the cross Crystal x C.I,
L225 to individual races,

Parenbal reaction
î2 plants having

indicated reactíon Theoretical
Fgee qrygtel_q,l-_f¿?5 ï ft S ratio
D-8 I B+ I obs, 198 0 O

expo 198 0 0

D-10 r R+ I obs. 198 o o
exp" 198 0 0

l¡1 IR+ I obs" 19q 0 O

exp" 198 0 0

1;0

1;0

1:0
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Table L Reaction of parents, F1 and F2. in the cross
trystal x C.1. l}z5-to*races ñ-8, D-10 and l+1"

parents
Race Crystal C.ï. J,225

D-8 TR+ I I
D-10 TR+ T I
bL ïB* I T

F2 plants shov,iing
indicated reaction

ISrSrS

I]

plants observed 198 0
plants expected 198 0

1:O

Tab1e 9, Reaction o{ F3 lines i1 t,h9 cross Bison x C.I.
1225 assuning-;:*i;åilåïäutl"3"ä1tt-o or r-:2:1

Reactíon Raee D-8 Race l¡1
c_Iess-- Obseqved Þcpegtgd Oþs_e_tvsld _Expeqted

fmmune
or t2 10 L5 10

16 20

910

resistant
Segregating 18 20

Susceptible 10 10

P value
" 70-. 80 "50- "7O
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Table 10" Reaction of Fa }ínes in the cross Dakota x C.I.
L225 assuming-segregation in a ratio of 1iziJ-
for race D-8-and-in-a ratio of 7:8:1 for race þ1"

Reaetion Race D-8 Race bl
- 

clas-s-* Qbss-rveù--S¿pe-q!-eq Observed Expected

ïmmune
or L5 10

resistant
Segregating 17 20

Susceptible I 10

2l 17 "5

17 20"0

2 2,5

P value " 
10-.20 "50- "70

Table 11. Reaction of Fj lines in the cross Crystal x C.I.
1225 assuming-no segregatlon for the genes concerned.

ReactÍon Race D-8 Race D-10 Race ll,1

-c-Ie-E-S- @ Obse-rved Expected Observed ExpeqÞCd

ïmmune
or

resistant 30 30 30 30 30 30

Segregating

Susceptible

P value
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The variety C.I. J,225 was immune to all three races of
M. lini used in this study. Bison was susceptible to all
three races. Dakota was susceptibl-e to races D-8 and D-10

but resistant to race l¡1" Bombay was immune to races D-8

and D-10 but susceptible to race /¡1. The Crystal parent

showed a variation in reaction type. The range in reaction
was from immune to pronounced flecks. The F1 hybrids obtained

frcm crosses involving c,I. 1225 with the four tester parents

showed no departure from the inmune reaction exhibited by t,he

variety C.I" 1225.

The F2 segregation behaviour of the variety C.I" IZZ5

crossed with Bison is shown in Table 1" All pJ-ant,s which u¡ere

imrnune to race D-8 were also immune to races D-10 and þ1.

There were only four plants within this group which showed a

variation from the immune reaction. These four plants showed

distortion of the leaves but no vÍsible evidence of flecking
or pustule development. This could have been due to injury
of the leaves due to inoculation" The susceptible plants

ranged in reaction from moderately susceptible to fuIly
suseeptible to all three races. An acceptable fit for a 3:1
ratio was obtained for all three races with a P value between

"20 and "30.
The F2 data Ín the cross of Dakoba with C"I" IZZJ are

shown in Tables 3 and 4" Since Dakota is susceptible to
races D-8 and D-10, the resistant gene earried. by Dakota

could not be separated by these two races, Fortunatellr
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Dakota exhibits a ehlorotic fleck to race l+1 in contrast with

the i¡nmune reaction of C.f , 1225. The Dakota reaetion type

appeared anong l2 plants in the F2 population when exposed

to race /+l- (Table 4.). These 32 plants were therefore assuned

to carry the dominant gene for resistance from Dakota and. the

recessive gene from C.f, 1225, The P value for a l.2t3:1 ratio
of j¡nmune : resistant i susceptible r,rras acceptable and between

"2O and "30"
The FZ results of the cross of Bombay with C.I. IZ25

are shown in Tables 5 and 6" Tlne F2 plants segregated into
two classes; there was no variation within the.classes and

the plants exhibited elther an ímrnune or susceptible reaction"
The hÍgher proportion of plants that were immune to races D-8

and D-10 than to race &1 indicated the segregatj_on of tv¡o

factors when tested to the first two races. Since Bombay

carries one gene, the other gene rnust have come from c.I. 1225"

The P val-ue for a ratio of 15 immune : l- susceptible for the

first two races was sati-sfactory. The F2 results of the cross

of Crystal with C.I. l-225 is shown in Tabl_es Z and 8. There

were onry 16 plants which exhibited a fleck type reaction.
These plants were grouped into the immune class, There were

no plants that u¡ere suscepti-bl_e to any of the races"

The F3 results from the cross of Bison urith C.I" LZZ5

are shown in Tab1e 9" A good fit for a single factor hypothesis

was obtained for races D-8 and þ1. rt is evident from both

the F2 and F3 results that the gene carried. by C.I. IZZ5 is
distinct' from the genes carried by the tester parents Bonrbay
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and Dakota" Table 10 shows the reaction of the F3 lines in
the cross of Dakota with C.I. 1225. Sj.nce Dakota is
susceptible to race D-8, it is assumed that the 1 ¿2;l

segregation with respect to race D-8 could have been obtained

only through the operation of the C.f. I?25 gene. That this
gene hras operating independently of the Dakota gene is
evident frorn Llne 7:8:1 segregation with respect to race þ1"

The results from the F2 and F3 populations substantiate

the eonclusion that the variety C"I. 1225 carries a single

dominant gene for lmrnunity against the races tested" The

absence of segregation in the cross of Cryst,al with CoI. I225e

Table 11, is taken to indicate that these two varieties have

a gene in common. Since the variety C,I, 3.225 gave an immune

reaction in contrast to the immune to fleck reaction of
crystal, it is assumed that these two genes are all-elic rather

than identical,



l+O

Croj;ses fnvolvine the VarÍetv C.I" LZZJ

Table l-2. ratios in the cross Bison x C"f,
to individual races.

Rage

D-s

D-10

l+1

FZ segregation
L223

Parental reaction
B_ison _C_-T" 1223

SI

F2 plants having
indícated reactionI ,--R -s

4.1"0
l+9"5

41,0
b9 "5

¿*&"0
l+9"5

ï

Þ
!L

S

S

obs"
exp,

obs.
elcp "

obs"
etrp €

r57.Q 0
1b8.5 0

L57 "O 0
14.8" 5 0

0 I5À."0
0 1t*8" 5

Theoretical
- -ratr-g_

3:1

3:1

3:1

tXi value lor !*8 = !,95 (P = between "IO and ,ZO)
!., value for D-10 = !"9.5 (P = between "10 and .ZOl/'- value for þ1 = "8I (p = between ,30 and "5Oi

Table 13. Reaetion of parents,
Bison x C,f. LZZ3 tó

Fl and F2 in the cross
räces D-ã, D-10 and l¡1.

Race

D-g
D-l0
/r,1

Parents
Bison C.I" 122å

plants
plants

F2 plants showing
_indicated r-eact:þn

I
I
R

S
q

s

nnì:J

ï
I
R

observed
expeeted

r
ï
R

I23.O
I11 . ¿+

S
S
.f{,

31" 0
37 "l

fs
]S
SS

3l+.O 10"0
37 "L l,?"h

x2 value for 9 zJz)zl ratio = z.gl+ (p = between "30 and .50)



Table 1l*. Fz 
"u*r"*ulå;ä
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ratios in the cross Dakota x C"I"
to individual races"

f2 plants having
indicated reactionParental reacÈion

Dakota CJ. 122?

SI
Race

D-s

D-10

&r

39
¿t8

39
/+8

^
0

R

S

obs 
"exp"

obs"
exp"

obs,
exp"

r53
14'¿þ

t53
Ll+l+

0
0

0
0

0
n

Lgz
L92

Theorebical
ratio

3zr

3:1

1:0

yZ
'yz value for D-8 = 2"25

value for D-10 = 2"25
,20)
"20)

"10
,10

(P=
(P=

betr¡¡een
beùween

and
and

lable 15. Reaction
Dakota x

of parents, F1 and F2 in the crossC"I. 1223 ùo ñaces ¡I8r D-10 and [1"

Race

D*8
D-10
L1

Parents
DAkota C"I. 1?2?

SI
SÏ
RR

r
ï
R

fr
I
I
R

plants
plants

observed
expected

L53
].,l+l+

s
S
R

39
48

s
S
s

0
0

X2 value for 3;1 ratio = 2"25 (P = between "10 and. "ZO)

showing
reaction



Table L6" Fz ""*""*.1å:ä ratios in the cross Bombay x C,I,
Ëo individual races,

l+2

obs"
exp,

obs.
exp,

obs"
exp"

Race

D-8

D-10

41

Parental reaction
BoEþA¡¿_C.I. 122?

II

F2 plants having
indicated reactionL_ n s

t9600l-9600
]9600l-960o
0 158 380 It+7 r+g

Theoretieal-
ratio _
1:0

1;0

3zr

r

RS

X2 vaLue for þ1 = 3.29 (P = between .O5 and "10)

Table 17, Êeaction
Borubay x

of_parenËs, F1 and
C"ï. L223 to iaces

F2 in the cross
¡38r D-10 and l¡1"

F2 plants showing
indieated reaction

Parents
Bombay L=L 1?23- F1Race

D-g
D-l0
l+L

S
S
S

0
ô

r
I
s

38
49

ï
T
1l1t

158
r47

ÏT
IT
SR

I
Iñ
fl,

planÈs observed
plants expected

X2 value for l:1 ratio = 3"29 (P = between "05 and .10)
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Table 18" F2 segregation ratios in the cross Crystal x C.I.
1223 to individual races.

F2 plants having
Parental reaction inãicated reactiõn Theoreticalfl,acq Olystal C 

" 
I. l22a IR S ratio

D-8 I R+ r obs" 128"0 ?"o t5:l
exp, L73,1þ 11,6

D-10 I R+ I obs" 178,0 7.O 15:1
exp" l73,Lv 11.6

l+l I R+ R obs" lT7 "O 8"0 I5:I
exp" L73 "l+ 11,ó

X! value for D-8 = 3"01 (P = between "O5 and. "10)X: value for D-10 = 3,0I (P = between .05 and. "10)X¿ value for þ1 = 1"17 (P = between "20 and ,30)

Table 19" Reaction of parents, F1 and F2 in the cross
Crystal x C,Ï. lZZj to*races D-8, D-10 and þ1.

Parents _ F2 plants showingRace Crystal C_,I" 1223 h iñdicated reactiõn
D-8 IRl I r r R+ I I S SD-10 IR,+ I I T g+ T T S St+l IR+ R r I ç+ 3+ S 3+ S

plants observed L27,0 21"0 23 "O T ,O 6"0 1,0plants expecËed 112.7 26"O 26"0 8.7 8"? Z"O

X2 value for 39z9igz3:J:1 ratio = 5.t+O (P = between ,30 and ,5O)



Table 20. Reacr,ion of F2 lines in the cross Bison x t.I.
L2?3 assumÍng-segregation in a ratío of 1 immune
and resistant : 2 segregating : 1 susceptible to

indicated races.

l+l+

Race D-S
0bserved_ ExpeeËed

Race 41
0bserved Expected

Reaction
clasg_

ïmmune
or

resistant
Segregating

SusceptÍbIe

10

20

10

t7

16

7

10

20

10

13

18

9

P value ,70-.80
" 05* .10

Table 21" Reacti-on of F1 lines in ühe cross Dakota x c.r"
1223 assuning-no segregation for raee þ1 and
segregation in a ratio of I jmmune z Z
segregating : I susceptible for race D-8"

Reaction
_ cless_

fm¡nune
or

resistant
Segregating

Suscept,ible

Race D-8
0þ_s*e:jt_e_d__:E_xp_er.È_e$

L2 8,25

15 L6"50

6 8"25

Race l+1

@

33 33

P value "20-"30
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Table 22, Reaction of Fq lines in tLre cross Bombay x C.I"
1223 assumíng-no segregation for race D-8 and
segregation in a ratio of 1 immune i z
segregating : I susceptible for race þ1"

Reactíon
class

Immune
or

resistant
Segregating

Susceptible

Bace D-8
0bserved Expeç_t_ed

l+CI 40

Race &1
0bsgrved Expected

10

18 20

710

L5

P value .10-.20

The variety C.f, !223 was inmune to races D-8 and D-10

but showed a variation in reaction type to race l¡1, The

resistance shou¡n by this variety to race 4.f ranged frorn

minute pustules surrounded by a necrotic zone to chlorotic
frecks" The reactions of the other tester parents hras the
sarne as has been mentioned previously. The F1 hybrids from
crosses involving c.f. l.223 with the tester parents were

immu-ne to raees D-8 and D-10 but showed. a vari_ation from

immune to chlorotic flecks with respect to race lr1" The

predominant reaction type to race 41 was therefore a resistant
reaction"

The F2 results from the cross of Bison with c"r. rzz3
areshov¡n in Table 12" The Fz plants gave a satisfactory fit
to a 3 immune or resj-stant : 1 susceptible ratio for all three
races indicating the segregation of a sÍngle gene. However,

Tab1e 13 shows that among Elhe r57 plants which were imnune to



b6

races D-8 and D-10, there ürere Jþ plants susceptible to race l¡1"

Among the l+1 plants that Ìqere su.sceptibl-e to races D-8 and

D-10, there were 31 plants resistant to race l¡1, 0n the basis
of this segregation it was assumed. that C.fo IZZ3 carried two
genes at separate loci, one for immunity from D-B and D_10

and one for resistance against race l¡1, A satisfactory fit
for a 9:3:3:1 ratio with a P value between "30 and "50 was

obtained"

The F2 resul-ts from the cross of Dakota with c"r. rzz3
are shown in Tabl-e 14. The F2 plants segregated in a 3 immune ; 1

suscepbible ratio with respect to races D-8 and D*10 but gave

no segregation for race þ1" The absence of any susceptible
segregates and the identical- reactions of the parenbsu Fl
and F2 to race þ1 was assumed to be due to a gene in c"f" rzz3
allelic to a gene for resistance in Dakota,

The F2 results from the cross of Bombay with c.ro rzzj
are shown in Table 16" The F2 plants showed no segregation
with respect to races D-8 and D-10 but segregated in a ratio
of 3 resÍstant : I susceptible with respect to race 4r" Thís
was taken to indicate that the seeond gene posturated to be

present in c"r" L223 was allelic to a gene for immunity carrÍed.
by Bombay.

The F2 results from the cross of crystar with c.r, rzz3
áre shovrn in Tabre 19. The typical resistant reaetion,
characteristic of the c.ru rzz3 parent with respect to race l+l

was not observed among the F2 segregates. rnsüead, the fleck
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reaction, typlcal of the crystal parent rdas observed. araong

sorne of the Fz segregates. This seems to indicate that one

of the two genes in C.I, 1223, which gi_ves a typical resistant
reaction Ëo race /¡.1 was reacting differently in the crystal
background. When the immune and fleck classes were grouped.

together (Tabre 18), a satisfactory fit to a 15 immune and

resistant : r susceptible ratÍo was obtained for all three
races, The classes of host reaction represented in Table 19

are explained on the basis of the interaction of the factor
derived from crystal with the two factors assr:med to be

present in C"I. L223. The 21 plants showing the B+ reaction
to all three raees are assumed to carry (t) gene derived from
Crystal and the resistant gene from C,I" LZZT" Tb,e 23 plants
showing an immune reaction to races D-8 and D-10 and R+

reaction to race 41 are assr¡med to carry the (t) gene d,erived

from crystar and the second gene assumed. to be present in
c"f . L2?3 "

The F3 results from the eross of Bison vrith C"I" IZZ3

are shown in Tab1e 20, It is assu¡ned that the variety C"I. LZZI

carrÍes two genes for immunity or resistanee against the races
tested, One of these genes confers imrnunity against races
D-8 and D-10 but gives a susceptible reaction to race l¡r"
The second gene is ineffective against races D-8 and D-10 but
gives a resistant to a hypersensitive fl-eck reaction to
race þ1" rf this assurnption is correct a segregation in a

l:2:1 raËio woul-ci be expected for atl three races in the F3"
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Among the 9 lines v¡hich were suscepti-bre to race ¡*8, there
were 2 l-ines which were arso susceptible to race Lr, These

two lines are assumed to be homozygous recessj.ve for the two

genes assumed to be earried by C.I, IZZ3. Among the
remaining / lines, I lines were segregating in a rati-o of
3 resistant : I suseeptibre whire the other two l_ines were

resistant to race þ1. Out of the 7 lines which were suseeptible
to race !1, two lines were susceptible to race D-8, 3 1Ínes
were segregating in a ratio or 3 irnrnune : 1 susceptibl-e and

two lines were immune to race D-8" Out of the 13 l_ines

which did not, segregate wit,h respect to race ¡-9, there were

8 lines which b¡ere resistant, 3 lines segregating in a ratÍo
of 3 resistant ; l- susceptible and two lines rüere furly
susceptible to race þ1" These 13 lines are assumed. to carry
a gene for iurmunity against race D-8 in a homozygous domj-nant

condition" This gene, however, is ineffective against
race LI" ïn order to explain the segregation within these 13

lines with respect to race /¡1, a seeond gene has to be

postulated. This gene confers resistance only to race l¡1.
Further evidence to this effect was obtained. from p lÍnes
which were resistant to race þ1 but segregating or suseeptible
to race D-8" A satisfactory fit, to a l:2:1 ratio hras obtained.,
in the F3 for races D-8 and D-10, Table ZO'1, indicating
agreemenÈ hrith the hypothesis under consideration.

The criticar data from t]ne F2 and F3 tests were

obtained from crosses invorving the variety c.f. rzz3 with



l+9

Dakota and Borabay. The F3 resuLts from the cross of Dakota

with c"r" l'223 are shown in Table 2r. Alt i3 lines showed. no

segregation with respect to race /+1 bu-t, segregated in a

ratio of 1t2¿r with respect to race D-8. The result,s of the
cross of Bombay with C"I, 1223 are shown in Table ZZ. All l+O

lines gave no segregation with respect to race D*8 but
segregated for race Ll in a rati-o of l:2:1.

The general conclusion that coulci be drawn from both
F2 and F3 data is that the variety C.I. lZZ3 carries two

dominant genes for inrnrunity or resi-stanee against the races,
One of these genes is common to the (M) gene assumed to be

caruied by Dakota, The second gene is conmon to the (N) gene

assumed to be carried by tsombay.
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Crggegq_ Involving the VAti-etjr_ C.f " I?-l=a

Table 23" FZ segregation ratios in tire cross Bison x C.I"
12l-9 to individual races,

Race

D-g

D-IO

br

Parental reaction
Bisqg Cs,I=,1219 -

F2 plants having
indicated reactionï _E _Þ

Theoretical
ratio
3:1

3:1

3;1

0
0

0
0

0
\J

T

ï

S

s

obs u

exp,

obs.
exp.

obs u

exp"

l-63 ,00
l-58.25

163 .00
158,25

163 "00r58 "25

l+8.00
52"75

¿l,8.00
52.75

/+8" 00
52"75

"50).50)
,50)

(P=
(P=
(P=

x?
yZ
y2

value for D-8
value for D-10
value for 41

between "30 and
between .30 and
beËween "30 and

"57
"57,57

Table 2l+" Beacti-on of parents,
Bison x C"ïo LZLg to

F1 and F2 in the cl"oss
rãces D-5, D-10 and trl.

Race

D-g
D-10
¿r1

Parents
Bison C.ï. l,2l-9

F2 plants showing
indicated reacti.onFi

ST
ST
SI

I
I
T

plants observed
plants expected

ï
I
T

163.00
t58"25

S
S
S

¿r8"00
52,7 5

X2 value for 3;l raÈio = "57 (P = between .30 an¿ "50)
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Table 25" FZ segregation ratios in the cross Dakota x C.I.
I2L9 to indivÍdua1 races.

F2 plants having
Parental reaction i-ndieated reaction Theoretical

Race Dakota g_"_lJ2]9 ï R S ratio
D-8 S I obs. 153"0 0 l+7"O 3z]-

. exp, 150"0 0 50"0

D-10 S I obs" I53 "A 0 47 ,O 3:Lexp. 150. O 0 50" 0

l+.1 R I obs" L53.O 36.0 11"0 12:3:14
exp. I50"0 37 "5 ].'2.5

X! value for D-S = ,2U (P = beËween ,J0 and. "?OX( value for D-10 = "2t+ (P = between " 50 and "7OX( value for &1 = "21+ (P = between ,50 and. .7O
*. X¿ value for 15:1 for race 41 = "19 (P = between "50 and .70)

Table 26" Reaction of parents, F.l and F2 in the cross
Dakota x C.I, :-zlrg io Ëaces D:S, D-10 and þ1,

Parents
Race Dakota C.fo 72L9 F1

F2 plants showing
indicated reaction

rss
TSS
IRS

D.8STI
D-lOSTT
t+I RII

plants observed \53"O 36"0 11"0
plants expected 150.0 37.5 ]-2,5

L?z3 tI

X2 value for L2:J:1 ratio = ,3O (P = between "5O and "7O')
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rable 27" Fz ""*t"*tlålä ratios in the cross Dakota x C.f.
to individual races"

Race

D-8

D-10

41

Parental reaction
Bouþglr- C.I. 1214

TI

F2 plants
indicated

ÏR
having

reaction
S

Theoretieal
ratio _
15;1

15 :1

3:1

0
0

0
^

0
0

T

r

T

obs"
exp o

obs,
exp"

obs "
expe

151.O0
Il+6.25

151 
" 
00

Ll+6.25

121r.,00
I20 "00

5 .00
9"75

5.00
9 "75

32 "OO
36"00

and. "2O'land. "20)and "70)

= Z"I+T (P =
= 2"1+7 (P =
= "58(P=i7

value for D-8
value for D-10
value for lrl

between "I0between "10between "5O

Table 28" Reaction of parents, Fl and
Bombay N C.I, LZL? to Faces

F) in the cross
D:8, D-10 and l¡.1"

F2 plants showíng
indicated reactionRace

D-8
D-10
l+l

Parents
Bombay C.f" 1219 Fl

TIT
TÏIsïr

plants observed
plants expected

r
I
I

L24
LL7

ÏS
IScevv

27 "OO 5"0029,25 9,75

X2 value îor I2:J:1 ratio = 2.g! (P = between .20 and. .30)
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Table 29. FZ segregatio! ratios in the eross Crystal x C.Ï"
l-2L9 to individual races.

Parental reaction
Race Crvstal C"I. 1214

F2 plants having
indicated reaction

IRS
Theoretical

ratio
D-8 I n+ R- I obs. 101"c 38.0 7 "o LZz j;I

exp. IO9,5 27 "b 9.1
D-IO I R+ R- I obs, 101"0 38.0 7.O 12¡3:1

exp. 109.5 27,h. 9"1

I+L I n+ R- I obs" 101,0 38"0 7.0 12:3:1
exp. L09"5 27"b 9"1

X! value for D-8 = 5,28 (P = between .OJ and .10Xf value for D-10 = 5"28 (P = between .05 and "10X( value for 41 = 5.28 (P = between "05 and .10
XZ value for 15;1 = O.53 (P = between .30 and ,5O

Table 30" Reaction of parentsn F1 and F2 in the cross
Crystal x C"J" l2I9 to-races D-8, D-tO and. lul"

Parents
Race Crystal C,f. I2I9
D-8 IB+R- T I
D.IO fR+R- I I1,,1 rR+R- r r

F2 plants showing
indicated reaction

I R+R- S
T R+R* S
I R,+B- S

T!

plants observed 101"0 38,0 7 "Oplants expected 109" 5 27 "h 9"L

X2 value for 12:J:1 ratio = 5,2à (P = between ,O5 and. "10)
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Table 31. Reaction of F1 lines in the cross Bj.son x G.f.
LZL) assuming-segregation in a ratio of 1
immune z 2 segregating : I susceptible for

all races"

Reaction
class

ïmmune

Segregating

Susceptible

Race D-8
Observed Expected

ß10
19 20

8ro

Race D-10
Ob-servetl_Expected

13 10

19 20

810

Race lrl
Observqd Expected

1þ 10

18 20

810

P value "50- "70 .50-,70 "30- "50

Table 32" Reaction of F1 línes ín the cross Dakota x C"I,
I2J.9 assuming-segregation in a ratio of I
irnmune z .2 ségre[atlng : I susceptible for
races D-8 and D-10 and in a ratio of T immune
and resistant : I segregating : 1 susceptible

for race l+1.

Reaetion
_class

Immune
or

resisËant

Segregating

Susceptible

Race D-S Race D-10
0bserv_efl Expected Observed Expected.

Race l+1
ObserE¡d Expectqd

23 17 "5

15 2O,O

2 2"5

10

20

10

llr

L7

9

101ll

T7

Y

20

1o

P value ,50-,70 ,50- "70 .30-.5@



Table 33" Reactj-on of Fq lines in the cross trystal x C.Iu
J-2I9 assuming-segregatíon in a ratio of 7
immune : I segregating : 1 susceptible for

race D-8"

55

Race D-8
ObserV_qd Ex:pec,þed

Reaction
class_

ïmmune

Segregating

Susceptible

20

L7

3

L7 "5

20"0

2"5

P value .3O* "50

The variety C"Ï. 1219 was immune to all bhree races of

U" Iinå" The reactÍons of the other tester parents have been

mentioned previously, the F1 hybrids from crosses involving

C.I, LZI) with the oüher t,ester parents u¡ere all irnmune to

the three races, indicating that imrnunity was dominant,

The segregation behaviour of the Ft plants in the cross

of Bíson with C,I. 1219 is shown in Tables 23 and 2+" All
the F2 plants were classified into two groups of j-mrnune and

susceptible plants" There r¡ras no varj-ation among any of the

plants in the immune group" The susceptible plants ranged in
reaetion from moderately su.sceptible to fully susceptible.

The segregation gave a good fit, for a single factor hypothesis

with a P value betv¡een .30 and "50.
The results of the cross of Dakota with C."I. LZI? are

shown in Tables 25 and 26. 0n t,he assumption that the Dakota

gene !üas distincË from the gene carried by C.I. I2I9r 3116 of
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the F2 population was theoretically expected to segregate

with respect to race &1 for the resistant gene d.erived from

Dakota" There hiere 23 plants which showed the typical
chlorotic fleck reaction exhibited by Dakota. rn addition
to this there were 13 plants which showed a reaction
interrnediate between the immune and chlorotic fleck reaction,
rt is assumed that these 36 plants are homozygous or hetero-
zygous for the resistant gene derived from Dakota and

honozygous recessj,ve for the gene for inununÍty derived from

C.I" I2J-9" A good fit for a IZ imriune z ) resistant : I
susceptible ratio Ììras obtained for race &1 with a P val-ue

between "50 and "7O.

The F2 results of the cross of Bombay with C,f. LZ:-g

are shov¡n in TabLes 27 and 28" The segregati-on behaviou.r

suggests that Bonbay and C.I. l2L9 each contribute a single
factor for immunity against races D-8 and D-10 and that the
faetor from c.r. Lzlg al-so contribu.tes immunity to raee /+1"

The F2 results of the cross of Crystal_ with C.Io J.Zlrg

are shown in Tables 29 and 30. The segregation behaviour

suggests that crystal and c"r" rzrg each contribute a factor
for immunity or resistance against the races tested."

The variety crystal exhibited a range in reaction type
from immunity to large and sma1l flecks. The uniformity of
the immune reaction anong the F1 hybrids ind.icates d.ominance

of the C"f , l2I9 gene over the Crystal fl_eck reacti.on.
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The reaction of the F3 lines Ín the cross of Bison with
C.Ïo ].2]-9 is shown Ín Tab1e 31. The P value between .10 and

,50 for race 41 and between .jO and ,TO for races D-8 and

D-10 indicate satisfactory agreement w'ith the hypothesis that
the variety t.Ï. 1,219 carries a single dominant gene conferring
irnmunity against all three races"

The reaction of the F3 lines in the cross of Dakota

with C.I. LZL7 is shown in Table 32" It, is evident that the
resistant gene contributed by Dakota is not operative against
races D-8 and D-10" rf this gene were effective against races

D-8 and ¡-10r it would have been theoreticalry expected to
segregate in Iç/16 of the population in a ratio of rz immune z 3

resj-stant : 1 susceptibre. Furthernore, there were l¡ lines
which were susceptible to races D-8 and D-10" Two of these

lines were resistant and two segregating in a ratio or 3

resistant : I susceptible r,uith respect to race l¡I" These two

resistant lines are assumed to be homozygous recessive for the
c.r" rzr9 gene and homozygous dominant for the Dakota geneo

The two segregating lines are assumed. to be homozygous

recessive for the c,r. rzLg gene and heterozygous for the
Dakota gene. The Dakota gene confers resistance to race [r,
and a Èwo factor segregation was observed with respect to
this race. The 23 i.mmune and resisüant z 15 segregating z 2

susceptible fits a 7:8:1 ratio with a P value between .ZO

and '30. Theoretically, zo lines were expected to segregate"

0f these 20 lines, 10 lines should segregate in a ratio of
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LZ Ímmune ; 3 resistant : 1 susceptible" 0f the 15 lines
that brere observed to segregate, only 6 l-ines segregated in
a L2:3:1 ratio. However, since there were only 20 ptants

per line, it ís possible that this segregation was missed in
some of tlie 1ines. Consequently, a correction was applied

for the expected frequency of failure to detect segregation

from heterozygous genotypes due to small numbers (À.6) " When

this eorrection was applied, the data gave an extremeLy good

fit to an expected 9 "?O25,80;1 ratj-o, with a P value of ,90,

The reaction of the F3 lines in the cross of Crystal

with C.fo LZL9 is shown in Tab]e Jl. 0n the assumption that
two duplicate factor pairs are i.nvolved s a 7 i¡mune : I
segregating : I susceptible ratio would be expected in the

F3. The P value obtained between .J0 and .J0 indicated

satisfactory agreement Ëo a two-factor hypothesis" A notable

feature vras the absence of the fleck type reaction that was

obtained Ín the F2. The complete absence of this class of
host reaction indicated that this reaction was probably

influenced by environment. The F2 population bras tested Ín
a growth ehamber under conditions of artificial illumÍ-nation,
a controlled temperature of 650 î" and a rel-ative humidity of
80 per cent. The F3 lines I^iere tested in the greenhouse

under natural daylight conditions, an averaged ternperature

of 70o F.and a relative humidity of 66 per cent, The

difference in the environmental eonditions under which the

two populations v¡ere Èested could probably account for the
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difference in reaction (Plates v and vr). Myers (¡o) states
that if im¡runity in flax is dependent upon the limitation of
development of the pathogen rather than its exclusion, it
would perhaps not be surpri-sing to find cases in which the

balance between host and pathogen is so delicate thaù slight
changes in the environment shift the reaction from one in
which no nacroscopic disease symptoms occur to one in which

sufficient host cells are killed to produce a fl-eck-type

reaction.

The F2 and F, data substantiates the general concl-u.sion

that the variety c.r" rzrg carries a single dominant gene

conferring immunÍty against aIl- three races" This gene vras

not conulon to any of the genes assumed to be carried by the
tester parents"
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Parental reaction
RaqC Bis,on _!rI" l?l-8

F2 plants having
indicated reaction Theoretical

I R S ratio
D-8 S I obs. 146"0 0 50"0 3:1

exp, Il+7,O 0 4,9.0

D-10 S ï obs" 143.0 0 53.O 3:Lexp. Lb7 "O 0 l+9 "O

ll1 S I obs. 1S1,0 0 15"0 t5:1
exp. 183"8 0 L2"3

Crosses I¡yolvÍns the Var-iety C"l-"-12L8

Tabl-e 34. FZ segregation.ratios in the cross Bison x C.I'
1218 to individual races"

X? value for D-8 = "O3 (P = between "80 and "90)X( value for D-10 = "LþIþ 
(P = between "5O and .7O)

X¿ value for 41 =1,19 (P = between "20 and .30)

Table 35. Reaction of parents, Fr and F, in the cross
Bison x C,I" 1218 to räces D-8, D-10 and À.1"

Parents
Race Bison C.Io 1218 Fr

F2 plants showing
indicated reactÍon

ÏISS
ISfS
ITIS

plants observed 108"0 38,0 35"O f5"0
plants expected 110"3 36.8 36"8 l.2"3

D-8SIT
D-IOSÏT
¿llSII

X2 value for gtjtjz]- ratio = 1.0 (P = between .30 and .5O'l
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Tab'le 36. F2 segregation ratios in the cross Dakota x C'I.
l-21-8 to individual races"

F2 plants having
Parental reaetion

Racg Dakote- C-.I.-121t

D-8 S I obs. l-37.0 0 51"0 3:1
exp" 1/+1"0 0 l+7.O

D-10 S f obs. 149"0 0 39.O 3z:--
exp" 1/+1"0 0 Lþ7 "O

I+L R I obs. 101.0 8¿l.O 3.0 3622? z]r*
exp " 105, I 79 .3 2.9

X! value for D-S = "t+5 (P = between .50 and .7A
Xl value for D-10 = 1"82 (P = between .10 and .2O
Xl value for 41 = "t+9 (P = between "30 and ,5O

*

TabLe 37. Reaction of parents, Fl and F2 in the cross
Dakota x C.T, 1218 to Faces Dl8, D-10 and [I"

indicated reaction Theoretical
f R S ratio

Parent,s
Race Dakota C,I. 1218

D-8STÏ
D-lOSTI
/+IRIÏ

F2 pl-ants showing
indicated reacti-onL

rfSS
TSIS
TRRS

plants observed 101.0 36"O lr8"0 3 "Oplants expected 105.8 79"3 2"9

X2 value for 36;27tL ratio
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lable 38. FZ segregation ratios in the cross Bombay x C.I"
1218 to individual races,

F2 plants having
indicated reaction TheoreticalParental reaetion

Race EqmþAy _L.I_. l=el8 I R S ratio
D-8IIobs.I8[08I5:1

ercp. 180 0 L2

D-10 I I obs. 187 0 5 15:1
exp, 180 0 L?

t+l S I obs" 185 0 7 1511
exp" 180 0 I2

Xf value for D-d - 2"t+ (P = between .10 and .20)Xf value for D-10 = l+,1+ (P = between "02 and "05)Xé value for &1 = 2"2 (P = between "20 and "3O')

Table 39" ileaction of parents, F-r and F2 in the cross
Bombay x C.I-. 1218 úo Ëaces ¡38, D-10 and &1"

parents
Rqqq Bombay C.I. 12_l-8

F2 plants showing
indicated reaction

D-8TTr
Ð-lOITT
¿llSrI

ITSIS
ÏSTTS
I]ISS

plants observed L7l+ h. 7 6 1
plantsexpected J'62 9 9 9 3

X2 value for a 5423;3:3;1 ratio = 6.1+ (P = between ,10 and. .20)
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Table l+0" î2 segregatj-on ratios in the cross Crystal x C"Ï.
1218 to individuaL races"

Parental reaction
Race CrvsË¡rl. C._f" 1218

F2 plants having
Índicated reaction Theoretical

*J.I R- R- ratio
D-8 I R+ R- I obs" Lz9 53 t+o L:0

expo

D-10 I R+ R- I obs. L29 53 40 1:0
exp,

/+1 f R+ R- I obs. I2g j3 t+o 1:0
exp"

Table &1" Reaction of parentso F1 and F2 in the cross
Crystal x C,i. 1218 to races õ-8, D-10 and /p1.

Race
Parents

Crystal C.I. 1218 {f
D-8 IR+fi,- T I
D-10 TR+R- T T
t+I IR+R- I I

F2 plants showing
indieated reaction

rg+ä,-s
TR,+R-s
rR,+R-S

plants observed l-'29 53 bO 0
planËs expected L29 53 ll0 0

1:0
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the variety C.f. 1218 gave an immune reaction to all
three races. The reactions of the tester parents have been

mentioned previously. The F1 hybrids obtained from crosses

involving c.I. 1218 with the four bester parents urere innune

to all three races.

The F2 segregation behavi-our of the variety C,f" 1ZIS

erossed with Bison is shov¡r in Table 3&, A good agreernent, to
a 3 immune : 1 susceptible ratio for races D-8 and D-10 and

a L5 immune ; 1 susceptible ratio for race l¡1 was obtained"

Table 35 shows the reactions of the identicat plants to the

three races" A hypothesis was derived on the basis of the
segregation or 73 prants in the F2 populaÈion. There were 38

planËs which were immune to race D-8 but susceptible to race

D-l-0' The remaining 35 plants were susceptible to race D-8

but immune to race D-10, Arr 73 plants, however, were immune

to race lr.l" The reversal in reacti-on of the identÍcal plants

to the tu¡o races was explained by assuining that c"r. IztS
carrÍed tv¡o factor-pairs for im:nrunity" Table r of Appendix

shows the genotypes and the phenotypic ratj-o obtained" The

(A) factor eonfers inununity against raee D-8" The (B) factor
confers irnmunity against raee D-10 and either one of them

is effective against race þ1" The P value for a 9t3zl:1 ratio,
(Table 35) indicates satisfactory agreement vü1th this hypothesis.

The F2 resuLts in the cross of Dakota with t"r. 1218 are
shown in Tabte 36. The J:1 segregation obtained with respect
to races D-8 and D-10 substantiates ühe concrusions drawn
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from the cross of C.I. 1218 rvith Bison. The 36:27:1 ratio
obtained with respect to race 4I indicates that, Dakota eon-

tributes a factor for resistance against race 4l- distinct from

the two factors for inimunity contrj,buted by C"J" 1218. Tabl-e II
of the Appendix explains the reactions of the identical plants

to the three races as is shovm Ín Table 37" ft is assumed that
the (i'1) gene derived from Dakota, when present wit,h either (A)

or (B) alone confers resistance to race t+L instead of immunity"

The only group that appears to be inconsistent with the

hypothesis under consideration is the one carrying the

genotypes aabbluä{ and aabbl'în, giving susceptibility to
races D-B and D-10 and resisËance to race &1, The absence

of this class of host reaction (taUte 37), indicates the
possible interaction of I',M with the recessives aa or bb

thereby giving an imrnune reaction to races D-B and D-10

respectively"

The F2 results in the cross of C.I" 1218 with Bombay

is shown in Table 38. The 15:1 ratio obtained for alI three

races is explained in Table IfI of the Appendix. IL is assumed

that Bombay carries a gene for immunity against races D-8 and

D-10, different from the (A) or (B) genes assumed to be

carried by c,r, 1218. The l-5:l- ratio obtained for al-l races

is explained by assuming the operatj-on of the (A) or (l{) genes

for race D-8, the (B) or (N) genes for race D-IO and the (A)

or (B) genes for race þ1" The 5t+:3t3t3:l- ratio (Tabl-e jg),
is also explained on the foregoing assumptions.
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The FZ results in the cross of Crystal- with C.I. 1218

are shoi¡¡n in Tables l.þ0 and [I" The absence of any susceptible

segregaËes is taken to indicate that Crystal contributes two

genes allelic to the genes assumed to be carried by C,I. l-218"

However, there is some doubt as to whether the fleck reaction

classes, namely (R+) small fleck and (R-) large fleck, are

truly resistant classes. Ït is possible that optinum

conditions were not obtained for susceptibility to resul-t"

However, the failure to obtain a susceptible plant in the

large population tesbed raakes this unlike1y"

The F3 resuLts from crosses involving C,Ï. l-218 b¡ere

inconclusj-ve giving several irregular segregations. fn

addition, there were several fully susceptible lines which

had a high percentage of escapes" These irregularities have

been attributed to the following:
1" The smal-I number of F3 lines"
2" The small number of plants per line.
3 " Non-viability of the i-noculum used,

l+" Optímum eonditions for infection not being obtained"

However, it cou1d be concluded that the variety
C,f. 1218 carries two genes for immunity against the races

tested" Further work, r,r¡ith larger populations is necessary

to ascertain the genic relationships of this variety vrith the

tester parents.
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srjlvuaBY

The Ínheritance of rrist reaction to raees D-8, D-l-O

and Ll was studied in hybrid populations derived from crosses

invorvi-ng the varieties c.r- 1225, c"r " 1223, c.r " rzr9 and

C"f. 1218 with the tester parents Bison, Dakota, Bombay and

Crysta.l 
"

F2 and F3 populations were grotùn in the greenhouse and

inocu.lated with the three races utilizlng the excised shoot

technique (26). The F2 and F3 populations hrere analyzed for

reaction to each of the three races of rusL. Results of the

anal-ysi*s þ¡ere as follows:

l-. A gene for immunity against al-l- three races carried by

C,I. 1225. This gene is common to the (t) gene assumed

to be carried by Crystal"

2. Two genes governing an immune or resistant reaction to a]l

three races in C,f" L223" One of these genes is common to

the (M) gene assu-med to be carried by Dakota" The second

gene is common to the (N) gene assumed to be carried by

Bonbay.

3" A gene governing an immune reaction to all three races in

C.I" I2J.9, This gene was not eommon to any of the genes

assumed to be carried by the tester parents.

l+" Two genes governing an immune reaction to all three races

in C.I" 1218" These two genes are different fro¡l (iq) and

(N) genes assumed to be carried by Dakota and Bombay

respectively.
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aPSEIùD_TX

Hvpotheçes susEested to explain seEreEations in crosses

inlro_lvinE C. f-*_ 1:?11$.

AA - immunity factor of C"I. 121_8, effective against

race D-8"

BB - immunity factor of C.I" 1218, effective against

race D-l-O,

AA or BB- either one effective against race /¡1.

MM - resistance factor of Dakota, effective against

race þ1 only"

Nll - immunity factor of Bombay, effective against

races D-8 and D-10 only"

MII - epistatic to AA or BB when AA or BB is present

alone,
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TabLe r. Tabl-e of genotypes and phenotypic ratios in F2 fortwo segregating factor pairs in the cross
C"fo 1218 x Bison.

Frequçncl
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1
2
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-AAbb -TAabb ¡

aaB-B taaBb 
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aabb

Phenotvpic ratio in Fc

- (aa¡ (BB) (AA'or BB)
Raee D-8 Race D:-l_O Race_ l+I

9 r 91 9 r

1
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3 s 3 r 3 r

Ls 15 1S

t6 12 I:4,S LZ I:/+S
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lable ÏI. Table. of genotype and phenotypic ratios in F2
for three segregating fact,or pairs in the crossC.ï. 1218 x Dakota"
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1
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Table ffI, Table- of genotype and phenotypic ratios in F2
for three segregating factor pairs in the cross

C.ï, 12tB x Bombav"
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Genotypes
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