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INVESTIGATIONS ON THE INHERITANCE AND INTERRELATIONSHIPS OF THE GENES
CONDITIONING THE JET TYPE OF RESISTANCE TO CERTAIN CULTURES OF THE
SMUTS THAT ATTACK BARLEY.

by D. Re Metcalfe

ABSTRACT

The mode of inheritance and interrelationships of the genes in
the variety Jet, (C.I1.967), conditioning reaction to single cultures

of Ustilago nuda (Jens.) Rostre., Ustilago nigra Tapke, and Ustilago

hordei (Pers.) Lagerh. were studied in the F;, Fp and Fz generat=

ions of hybrids betwsen Jet and the varieties Vantage (C.kelN.1162)
and Plush (Ce£.No1106). It was concluded that Jet has & single

dominant gene pair conditioning resistance to U. nuda and single

recessive gene pairs conditioning resistance to U. nigra and U. hordele.

The gene peirs conditioning resistance to Us. nigra and U. hordei were

found to be closely linkede No associations were deteoted between
the gene pair conditioning resistance to U. nuda and those conditioning
resistance to the other two smut speciss.

The Jet gene pair conditioning reaction to U. nigra was assigned

the symbols ung unge

The mode of inheritance of the genes conditioning the immune
type of reaction of the barley varieties Biferb, (CeI.3951-3),
Kitohin (C.I1.1296-1), Nigrinudum, C.I.5798 and Jet, to a Trebi-
attacking culture of U. nuda, was studied in the Fp and Fz generations
of hybrids involving the immune varieties and the U. nuda susceptible

variety Newal (Ce£.N.1089). The interreletionships of the genes cond=

itioning immunity in the five varieties were investigated by studying



the F3 end F), gensrations of hybrids involving the immune varieties.
Interrelationships between the gene or genes conditioning Ue. nuda
immunity in Jet with the genes conditioning resistance in the varieties
Valkie (CeIo57L8) and Brachytic=119 were investigated by studying the
F3 generations of hybrids involving Jet and Velkie-trd. and Jet and
Brachytic=119. It was conoluded that single dominant genes, each
located at the same locus, conditioned the immune type of resistance
to Us nuda in the varieties Bifarb, Kitohin, Nigrinudum, Ce.I.5798
and Jete The gene conditioning the immunity of Jet to U. nude wes
found to differ from the faoctors conditioning the resistances of Brachytio-
119 and Valkie. Because of the similerity of the genetios of reaction
to Ue nuda it was concluded that the morphologically idenbtical varieties
Jet and Nigrinudum were one varietyo.

The mode of inheritance of the factors governing nine barley
linkege group marker-characters and the interrelationships of the
genes conditioning the marker-charesoters with those responsible for

the resistance of Jet to Ue nuda, U. nigra and U. h?ﬁﬁﬁé were invest-

igated in the Fp and Fz generations of hybrids betwsen Jet and six
barley varieties. It was found that each of the marker cheracters
wes oonditioned by a single factor pair. No associations were

demonstrated between the genes conditioning resistance to U. nude,

Ue nigre and U. hordei and those responsible for the following marker=

characters: resistance vs. susceptibility to Puecinia graminis

Tritioi Eriks,and Henn.(Tt), two=-vse. six-row character (Vv), naked

vse hulled kernel (Nm), and black vse white lemme and periocarp (Bb)e



The Jet factor pair oconditioning reaction to U. nuda was also found to
be independent of the factor pairs oonditioning the marker=gharacters
rough vse. smooth ewns (Rr), hoods vse awns (Kk), normal vs. orange-

lemma color (0o), normal vs. chlorine-seedling (Fo fc), and normel vse

glossy-seedling (Gly glo)e
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INTRODUCTION

Smut resistance in barley involves resistance to the embryo-

infecting loose smut caused by Ustilago nuda (Jense) Rostrs, and to

the seedling-infecting smuts, caused by Ustilago hordei (Pers.)

Lagerh., and Ustilago nigré Tapkes Becauss of the wide-spread

occurrence of loose smut and the difficulties involved in controll-
ing this disease, investigations involving this form of smut have
been more extensive than those ooncerned with covered smut caused
by Us hordei and false loose smut caused by U. nigrae

The spring barley variety Jet (Ce10967)l, has been usad
extonsively by barley breeders in Western Canada during the past
few years as the major source of resistance to loose smuts This

variety is immune to U. nuda and has besn reportsd a good source

et ok et

Considerable work has bsen reportsd on the inheritance of
resistance to EA*EEEE_(13’15’17°3h’55’399h1)’ and to U hordei
(38,L47) However, no attempts have been made to relate the
inheritance of resistance to one smut species with that of the
other. There is also no reported evidence concerning the mode

The unigue ability of Jet to resist the barley smuts provides
the opportunity for simulteneous investigations on the inheritance

of resistance to the three smut species, and also the interrelation

of the resistance factors involved.

1) C.I. refers to Accession Numbsr, Csreal Section, UsSeDole
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Physiologic specialization within the organism csusing loose
smut has. been known for some tims (30,31,33%). Instances of so-=ocalled
"breakdown" of resistance have also been reported (39). Because of
the wide-spread use of the variety Jet as a source of resistance to
Uo. nuda, it is essential that other potential sources of resistance
be explored and that the relationships of the genes for resistance
be understood.

Favorable linkages betwsen the resistance faotors and those
conditioning readily recognizable sharaoters of barley would greatly
facilitate breeding for smut resistance.

This report presents information obtained through investiga-
tions in three aspects of inheritance involving the smuts of barleys

1) the determination of ths mode of inheritance and the

interrelationships of the Jet genes conditioning
resistance to the three smut species that attack barley;

2) a study of the inheritance and interrslationships of

different varietal sources of resistance %o U. nuda:

- ey

3) a study of possible linkage relationships of the smut
resistance genes of Jet with those responsible for
specifio characteristics of certain of the barlay

linkage group testar stooks.
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REVIEW OF LITERATURE

The success of investigations on the inheritance of smut
resistance in barley has depended almost entirely on the reliability
of methods used in establishing infection in the suscepiible plants
(13,15,17,314535,38,39,41) o

Artificial inooulation with U. nuda oonsists of placing
chlamydospores of the pathogen into the florets of the host at
flowering-time. Inoculation of the -seedling-infecting smuts is
usually oarried out by placing the chlamydospores in olose proximity
to the embryo of the seed. Various teohnigques have been used to
acoomplish these purpossse

Shands and Schaller (36) reviewsd and re-tested the methods
used up to 1946 in meking artificial inooculations with U. nuda,
They described as the most effective, a method whereby chlamydo-
sporas were "puffed" from a small rubber bulb through a hypodermio
nesdle to the stigma of the host after the lemma had been pieroed.
Poehlman (21) used & hypodermic needle in a similar manner except
that an agueous suspension of spores was used. Ross et al. (32)
comparad the two needle~inoculation methods and found that the
injeotion of an aqueous suspension was the most effective under
the drier conditions of Western Canadas Cherewick and Popp (2)
and Cherewick and Cunningham (l;) modified Moors's "partial vacuum
method" (18) and sucoeedsd in inoreasing speed of inoculation and
percentage of U, nuda infection. Moore and Munneoke (19) described

a simple, rapid and effective method of inoculating wheat and barley
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powsrful jets of a spore suspensione

Probably the most widely used method of inooulating with

with ohlamydospores (12,38,47,48)s Popp and Cherewick (23) deseribed
e "Waring Blendor" method of inoculating oats and barley with the
seedling-infecting smutse. This method and Allison's "partial vacuun"
method, as desoribed by Hallisky (9), ensure penetration of the
chlamydospore inooulum beneath the lemma and palea of the kernels

Because of the manner of infeotion peculiar to the seedling
infecting smuts, the effect of environment on +he suoccess of inoou-
lation is more pronounced with these smuts than with loose smute
Tapke (L2), Fischer and Holton (6), and Cherewiok (3) have
reviewed the information on the influsnce of envirommental facbors
on the development of smut diseases. Optimum conditions for seedling
smut infection ineludez well aerated soil; seed bed temperatures
ranging from 20° %o 25° C. and soil moisture content ranging from
20 to 4O percent of moisture holding capacitye

With respect to the loose smut organism U. nuda, oool, highly
humid eonditions during the blossoming period favor infection
(3,7,42) The most optimum period for inoculation is during the
first two days following anthesis (36).

Vanderwalle (L6) and Cherewick (3) point out thet environ=
mental conditions conducive to rapid growth of the host could result

sn loose smut infected seedlings outgrowing the parasite and producing



normal seede
The literature dealing with the inheritance of resistance %o
Ue nuda will be presented separately from that pertaining to g:vhordeie
No genetic studies on the resistance to U. nigra have been encounteredo
Smith (L4O) presented a brief review of the work of a number
of investigators on the inheritance of resistance to loose smute
He indicated, in studies of orosses between resistant and susceptible
varieties, that resistance appeared to be governed by & single
dominant gene.

Livingstone (15) found evidence of the presence of a single

dominant factor for resistance in Hordeum deficiens and Hordeum

vulgare var. Trebi (C.I.936)s This gene and a minor gene for resist-
ance in Missouri Early Beardless were designated Un and EEE
respeotively (28). Schaller (35) showed that the spring barley
varieties Trebi, Jet, Dorsett (C.I.L821), and Sele X 173-10-5-6-1
each possessed different single genes, each of which conditioned
its own degree of resistance. The gene in Trebi and that of Jet
gave the highest degrees of resistance and were dominant in effect.
Schaller (35) suggested the symbols Un3, Unl and Un5 for the genes
in Jet, Dorsett and X 173=10=5-6=1 to the "race" of smut which he
useds In compliance with this suggestion, Skoropad and Johnson
(39) designated the gene in Jet whioh oconditionaed resistance to the
“race" of Us. nuda attacking Trebi as Unb. Mohajir et al (17)
obtained indicetion of transgressive segregation in crossing
highly resistant and moderately resistant varieties. This wes

thought to be dus to recessive genes in the moderately resistant
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varieties. The smut resistance of Abyssinia (C.IL.668) and Jet %o
the "raoce" of smut (non=Trebi attacking) which they used, was found
to be conditioned by two factor peirs in each variety. It was
suggested that one of the Abyssinia genes was different to the Un
gene in Trebi and that the genes for resistance in Abyssinie were
different to the Jet genese

Konzak (13) presented evidenoce which demonstrated that
resistance to different loose smut "races" may be inherited differ=-
ently depending on the physioclogic "race" of the pathogen end the
host variety. He inoculated orosses involving the two immune varieties
Jot and Valkie (CeI«57L48), and the susceptible variety Odessa (CeIe
9%8), to eight "races" of U. nuda to which Jet and Valkie were immunes
Resistance to "race"™ 1 was found to be determined by a single
dominant gene present in each of the varieties Jet and Valkie.
Jet and Valkie each possessed two dominant genes for resistance
to "reces" % and 7. Both genes of Valkie were required to confer
resistance whereas either Jet gene sufficedes Resistance to "races"
Ly and 8 was conditioned by either of two dominant independent genes
present in both of the resistant varieties. Resistance to "race" 6
was conditioned by a single dominant gene in Jet but by two ocom-
plimentary dominant genes in Valkie.

The inheritance of reaction to "race" 1, revealed by Konzak
(13), confirmed the results of investigations by Stefansson (441)
with the immune varieties Valkie and Jets.

Schaller (34) found that one incompletely dominant and one
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recessive gene were responsible for resistance to Us nuda in a cross
between Brachytic-119, a2 smut resistant mutant from Himaleye (CeI+620),
and Persicum, & susceptible varietye

Barly attempts made to determine the mode of inheritance
of resistance %o U. hordei were limited in success because of the
diffioulties involved in obtaining sufficiently high infection of
susceptible material (12,2},L0)c Recsntly Shands (38) found that
resistance to "race" 6 of Us hordei was conditioned by one major
dominant factor pair,_ggmgﬂ, in the crosses Chevron x Brachytic
and Colsess x Brachytice Wells (47) found that & dominant gene
for resistance to "race" 6 of Us hordei was common to the variet-
ies Titan (CoIs7055), and OeleCe 21 (Coholo1086), Opalitsu
(CeIs7152) end &noidium (CoIa7269)s Anoidium wes found %o
carry e second dominant gene for resistance designated<gggg end
Ogalitsu a second recessive gene for resistance designated_gééo
The variety Jet was found to possess & single recessive gene for
resistance to U. hordei which was designated EEE\(A7)°

Six of the seven linkege groups in barley have been established.
Recent work by Kremer et ale (14), Haus (10), and Tsuchiye (L5)

has indicated that the groups formerly designated as III and VII

should be considered as one. Tsuchiya (L5) referred to & new

1) CokeNo refers to Canadian fcoession Number
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linkage group VII composed of the gene pair Xn xn which conditions
xantha seedling and Ec eo, a factor pair for earliness. Tsuchlya
has located this new group on what he refers to as his chromosome 6.
Burnham® refers to this ohromosome &s the "g" ohromosomes

Robertson, Wiebe and Shands (28,29), Smith (LO), and Woodward
(LL9) have summarized the date on barley linkeges and compiled maps
on each linkeage groupe

Shands (37) reported a linkage between the genes conditioning
the loose smut resistence and stem rust susceptibility of Trebi in
a oross of this variety with Chevron (C.Io1111). Mohajir et al. (17)
observed a suggestion of an associebtion of loose smut reaction with
spike row charaoter in orosses where Abyssinian (CeIe668), or Jet
were involvede. Poehlman (22), found that most of +the hooded barley
varieties that he tested were resistant, whereas most of the awned
varieties tested were susceptible to looss smuts Unfortunately
the genetics of the ocorrelation was not studiede

Several investigators have failed to reveal linkages of

genes conditioning resistance %o Us hordel with various linkage

markers (12,38,47).

1) Dr. Co Re Burnhem, University of Minnesota, Minne UsSefe
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SECTION ONE

DETERMINATICON OF THE MODE OF INHERITANCE AND THE INTERRELATIONSHIPS
OF THE JET GENES CONDITIONING RESISTANCE TO THE THREE SMUT SPECIES
THAT ATTACK BARLEY

MATERIALS AND METHODS

Varieties

The inheritance and interrelationships of the Jet genes

conditioning resistance to Ustilago nuda, Ustilego nigra and

Ustilago hordei were studied in hybrids between Jet and the
varieties Vantage (Co£eNo1162), end Plush (CedeNel11l06). Table

1 shows the smut reactions of the parental varieties imoculated

to ocultures of U. hordei, U. nigra and Us nudae The reactions to
the smuts were obltained from classifiable plants obtained from
lots of one hundred inoculated seeds sown in the gresnhouses ab
the Canada Department of Agrioculture, Research Branch, Experiw
mental Farm, Brandon, Manitobs in the fall of 1958 and the spring
of 1959. Inoculations with gimgggg.were carried out in the field
in 1958; inocoulations with the seedling infecting smuts were
carried out immediately prior to seeding,

Jot is & naked-kernelled, two-rowed variety of Abyssinian
origin with rough awns and black lemma, palea and pericarpe. It
was introduced into the United States by Ho V. Herlan prior to 1920,

Plush and Vantage ere white six-rowed feed barley types of
commercial importence in Cenadse Plush was derived from the oross

Lion x Bearer; Vantage from the ceross Newal x Peatland, 2 x Plushs



Table l. Smut reactions of three barley varieties artificially
inoculated with virulent ocultures of U. hordei,
U. nigre and Ue. nuda.

Infeetion in Percent
Variety Uo hordei Uo nigra U. nuda
1957 1958 Ave. 1957 1958 Ave. 195( 1958  Aves

Vantage 387 52.6 L5.7 53.h 550k 5heli  8lLeli 7366 8240
Plush 6Tols L9eT 58s6  TheO The7 Theh 83:2 69,0 76,1
Jet 000 0s0 060  0s0 0o0 0e0  0o0 0,0 0o

Smut Cultures and Methods of Inoculation

Smut chlemydospores of cultures Uh L7-6li=l of U hordei,
Ung L49-6-2 of U. nigra and Un L9-68 of Us nuda were supplied by
Dre W. Jo Cherewiokl, A high degres of stability for the genetio
factors conditioning pathogenicity in both the seedling infecting
smut cultures and the Trebi attacking Ue nude culturs had been
previcusly established by Cherewick (pers. comme).

The individual smut oultures were increased on the suscept-

ible variety Newal (Ce£.Ne1l089)e Chlamydospores of the seedling

infecting smuts were stored at a temperature of approximately 38° .,

while the Us nuda fungus was maintained in the form of mycelium
within the inoculeted seed of the susceptible variety. Inooulum

of Us nuda was obtained by growing plants from infected seed when

required and using the chlamydospores from the freshly harvested,

smutted spikes. The viability of the culturses was checked by means

1) r. W. J. Cherewick, Plant Pathologist, CeDoke Res. Branch, Winnipege
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of chlamydospore germination tests prior to each seriss of inooulations.

Moore and Munneckes' jet-nozzle method (19) was used in making
inoculations of Ue nuda. An aqueous solution of spores was directed,
under pressure, through a small jet, into the individual floretse
Each spike was inooculated at two different times; 2l and L8 hours
following anthesis of thé earliest floratss

Taylor (Ll) noted thet kernel development was reduced when
Us nuda chlamydospores were introduced into florets prior to
anthesis. The writer has observed that the heaviest Ue nuda
infections can usually be expected from inooulated spikes that show
some degree of sterility in the lowsr florets following inooulation.
It is assumed that, at the time of inooculation, the majority of
florets on spikes exhibiting this type of sterility were probably
at a stage of development most favorable for infection. Through=
out these investigations U. nuda inoculations were made in suffio-
ient quantity to permit the selection of spikes showing this
charecteristioc.

U. nuda inoculations were made in the field and in the
gresnhouse. Before plenting, all the seed was treated with a lsal
mixture of Ceresan and talce. to minimize the possibility of
infeotion by the seedling infeoting smuts and to give protection
against root=rot organismse

Seed to be inoculated with the seedling infeoting smuts was

dehulled by peeling the lemma back from the germ end of the seed

in order %o expose the embryo. Inoculation was carried out by
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vigorously shaking the dehulled seed in & test-tubs with a small
quantity of finely sieved chlamydospores. Inoculated seed was

planted almost immediatelye

The method of seeding the material inoculated with the sead=
ling infecting smuts was designed to provide optimum conditions for
infections The inooulated seeds were space~planted in drill-rows
that had been made in well-moistened, sandy soil in greenhouse
benchese The drill-rows were approximately 30" in length, 15"
in depth and o5" in width and were spaced at intervals of L"
along the benches. The seed was left uncovered for & period of
16 hours following plantinge During that time the tempereature
within the greenhouse compartments was maintained et 60° F. and
the relative humidity at 65 = 70O percente At the end of the 18
hour period the seed was coverad with dry soile The soil tempera-

ture was maintained at 60° F. until after the seedlings had emerged.

Hybrid Populations

Hybrid populaetions were obtained from the orosses of Plush x

Jet and Vantage x Jet made at Brandon during the summer of 1956,
Hybrid material was tested for reaction %o the seedling
infecting smuts in the Fj, Fp and F3 gensreations and for reaction
to Ue nuda in the Fp and F3 generations. The parents were inoculated
and tested simultaneously with the progeny of the orossese
The Fy generation of the cross Vantage x Jet was tested for

reaction to Us hordei and Us nigra for the purposs of establishing
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the dominance-recessiveness relationships of the genes governing
the Jet resistance to the two seedling infecting smutse

Limited tests were performed on the Fo generation. The Fp
generation does not permit a satisfaotory genetical analysis since
an excess of non-infected plants may result from lethal effects of
infection (15) or from disease escapes of genetically susceptible
plants (13,35). The Fo date were used mainly to provide an estimate
of the percentage of smut expected on segregating Fz lines. This is
based on the fact that when the parents of a cross differ by a single
factor pair, the segregations for F3 lines and Fo populations are
genetically alike. The percentage of smut in the F5 populations
should therefore be approximetely equivalent to the percentage
in the segregating F3 lines. The Fo generations were tested for
reaction to U. nuda by inoculating flowers of F; plants and growing
out the resulting sesds. Fo reaction to the sesdling infecting
smuts was tested by inooulating Fo seeds with Ue hordei and

Us nigra and growing out the Fo populationse
The classification of the Fo plants for smut reaction was

based on the beshavior of F3 lines grown from inooulated ssed of

Fp plants. The Fp plants were classified on this basis for reaction

to the three smut species. This classification provided the basis

for the genetical interpretations of the genes conditioning

resistance %o the three smut spscies and also provided a means

for determining the interrelationships of thesse resistance geness



Pedigres Methods

Approximately LO crossed seeds from easoh of the hybrids
Vantage x Jet and Plush x Jet were sownAin the field in 1957,
Severel spikes on a number of the resulting Fy plants were
inooculated with Us nudae The inoculated seed of thess spikes
was used to test the Fo generations for reaction to U. nuda.

The remainder of the Fj plants, grown in the fisld in 1957
and not inooulated with U. nuda, were harvested and threshed
individually. A4n Fo population of each of the crossses was grown
in the field in 1958 from seed of several of these Fj plantse

On each of approximately 350 Fo plants, 3 to 5 spikes were
inoculated with U. nuda in the field in 1958. 4ll of the spikes
on these 350 Fo plants were harvested and the inoculated and
uninoculated groups threshed separately. The uninooculated lot

of Fz seed was divided into two portions; one portion inooulated

with Us n%gfgnand ons with U. hordei. The three lots of F3 sead,

sach lot inoculated with a different smut species, were sown as
Fz lines derived from individual Fp plants. Thirty U. nuda-

inoculated Fz seeds and 20 U. nigre and U. hordei-inoculated

Fz seeds were the minima allowed for Fz tests. 4&s a result of
restricting the number of classifiable Fz lines to those with
over 20 or 30 plants, only a limited number of the 350 Fp plents
reaction to the three smut species. The numbers of Fp plants

originating from individual Fj's were reduced in several instances
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to less than %en plants. Because of this reduction, it was considerad
of little value to maintain the pedigree of the olassified Fo plants;
rather they were treated as random plants from a large Fo populatione

The F1 generation of the coross Vantage x Jet was tested for
reaotion to the ssedling infeoting smuts by inoculating a limited

number of orossed seeds with U. hordei and E:”Ei§£§f Reaotion of

the Fp generation of the oross was tested by inooulating F; seeds
The Fz tests to the seedling infecting smuts were conducted
in duplicate,

All tests were grown in the greenhouses at Brandons

Plant Exemination

After the plants had grown to maturity they were pulled %o
determine the number of smuttsd and non-smutted plants in each row
or line. 1In all tests, plants with one or more smutted heads were
aglassified as susceptible. In the Fy and F2 generations classifioca=-
tions were based on individual plants, whereas in the F3 generation
they were considered on a line basis. The percentage of smutted

plants in esach row was calculated from the totals obtainede

Mods of Inheritance and Association of Resistance Genes

Data provided by the Fy, Fo and Fz generation tests were used
to establish the mode of inheritance of the resistance genas
possessed by the variety Jet to each of the three smut species,
Data from the I3 generation tests were used to establish the geno=

type for reaction to U. hordei, Us nigra and U, nuda for each of the
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individual F, plants of the two hybrid populations. An attempt was
then made to determine the interrslationships of the genes oondition-
ing resistance to the individual smut speciese.

Tests of "goodness of fit" and "independence" were made by means
of chi-squars (8)s & probability level less than .05 was oconsidered
to indioate significant devietions from fit or indepsndencs, as
the case may bes

Recombination psroentages were computed by the Product Method

desoribed by Immer and Henderson (1l)e
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EXPERIMENTAL RESULTS AND DISCUSSION

1. Inheritance of Resistance to U. nuda, Us nigra and Us hordei
in the Cross Vantage x Jets

The reactions of the parents and Fj and Fo generations of

the hybrid Vantage x Jet %o Ue. nuda, U. nigra and Us hordeil are

presented in Table 2. The distributions of the parental rows, Fo
rows and F5 progenies by five-psroent infeetion-olass intervals
are presented in Table 3.

The population size among the FB progenies ranged from 20 to
L2 plants, with an average of 27 plantse The parental rows varied
from 1% to 39 with an average of 22 plants for the susoeptible
parent and from 11 to 37 with an average of 27 plents for the

rosistant parent.

8o Inheritance of Resistance to U. nuda.

The progeny of the 6 inooulated heads of Jet, which contained
136 plants, showed no smut (Tables 2 and 3). This substantiated
previous observations by the writer and astablished, for this
investigation, the immunity of Jet %o oulture Un Lj9-68 of Us nudae

The progeny of the seven inooulated heads of Vantage, consist-
ing of 162 plants, showed an average of 79.0 percent smut. This
percant infection showed that Vantage was susceptible to oulture
Un 49«68 of U. nuda. 4 range of infection from 56 to 95 percent in
the individual rows indicated that the method used in making inoculations
was effective.

When a single dominant gene is responsible for resistance,

twenty-five percent of the Fo plants from a cross between resistant



Table 2o Percentage of infected plants of parents, F; and Fp of
the oross Vantage x Jet inooulated with cultures
Un 49-68 of Ue. nuda, Ung L9~6-2 of U. nigra and
TR L7-6l-L; of Ue Hordsie R

Treatment Material Total Number Number Percent
oo Plonts Healthy  Infeoted Tnfected

Inooulated F, 211 163 48 227
‘o Vantage 162 3l 128 7940
Ue nuda Jet 136 136 0 0.0
Inoculated Fj 16 1, 2 o3
to Fp 112 15 67 59.8
U, nigre Vantage 121 25 9% 79.3
T Jet 174 7L 0 0.0
Inoculated F; 11 10 1 10,0
to Fo ‘ 93 55 38 40,8
U. hordei Vantage 126 36 90 71!
. T Jet 190 190 0 0.0

and susceptible varieties are expeoted to be susceptible on the average.
Inooulated seeds from 7 Fy plants were grown and 48 of the 163 F,
plants observed, or 22.7 percent, were smutted, (Table 2)o The
actual percentage of smutted plants obtained in Fp approached
that expected on the assumption of a single dominant gene for
resistances.

The distribution of the 103 U. nuda-inooulated F3 lines on
& percentage infection basis is shown in Table 3. On the assump-
tion that lines showing no smut were homozygous for the resistance
of Jet and that those that showed any degree of smut were

susceptible or segregating for susceptibility, the Fz lines may

be divided into two groupsz 36 resistant and 67 segrsgating and



Table 3o Distributions of parental rows and Fp and Fz progenies of the cross Vantage x Jet inmooculeted with oultures
Un L9-68 of Us nude, Ung [j9=6=2 of Uo nigra and Uh L47-6L-L of Us hordei and presented in 5 percent
infection olass intervalse

Material 0 1=5 6= 1l= 16= 2l= 26~ 3l= 36~ Ll- Lb= 5l= 6= 6le 66= Tl Tbe B8le 86= 9l= 96= Total
10 15 20 25 30 35 Lo L5 50 55 60 65 T0 75 80 85 90 95 100 Rows
Inooculated
%0 U. nuda
F3 36 11 15 6 5 5 2 2 5 0 3 1 1 0 1 2 2 0 3 1 2 103
Vantage - - - = - - - - - - - 0 1 o 2 0 1 2 0 1 0 7
Jet 6 = - o= - - - - - - - - - - - - - - - - - 6
Inoculated
to Ues nigre ‘ ‘ ' ' ‘ ‘
Fo @ = - - = = - 0 1 0 1 0 0 5 0 2 0 - - - - 9
F5 20 7 13 16 5 9 3 7 5 0 5 L 1 1 2 1 3 0 2 0 1 105
Vantage - = - = - - - - - - - - - - 0 2 2 2 0 - - 6
Jet 6 = = - - - - - - - - - - - - - - - - - - 6
Inooulated
to U hopgg}‘ '
Fo e - - = - - 0 2 0 1 1 0 2 1 1 0 - - - - - 8
Fz 3 9 1) 16 1 5 6 3 2 0 2 1 0 - - - - - - - - 105

Vantage - = - = - - - - - - 0 1 1 1 0 1 0 2 0 - - 6

Jet 6 = - = = bl L 3 - 4 o = = - ] = = s = - L) 6




susceptible. Since none of the Fp rows contained more than 35 percent
smut the division between segregating and susoeptible F5 lines was
made at that point. The number of F3 lines assigned to the thres
clesses resistant, segregating and susceptible wers 36:6:21.

Two comparisons between the theoretiocally expected and actual
numbers are mede possible by the division of the Fz lines into three
classess The results of the chi=square tests for mods of inheritance
of reaction to Us nuda are summarized in Table L.

Teble Lo Summery of chi=square tests for mode of inheritance of
reaction to Ue nuda in the oross Vantage x Jet.

Character and Cross Ratio Chi=-Square P Value
Ventage x Jet (n = 103)

res.% sege.s suscelines 3=l 1.1682 650 = 430
ress: SOg.2 Suscelines 12221 545437 o100 = 405

Both of the probability values (Table L) were in agreement
with the single faotor hypothesis. The evidence indicated that
the resistance of Jet to oulture Un L9=68 was conditioned by e
single gene paire

While no Fy plants were grown from inooulated seed, the low
percentage of infection in F2 indicated thet the gene was dominant

in effact,

be Inheritance of Resistance to U. nigre.

The six rows of inooulated seed of Jet (Table 3), which contained

174 plants (Table 2), showed no smute This was in agreement with

previous results obtained by the writer and showed that Jet was




resistant to Ung Lj9-6-2 of Us nigrae

The six rows of inoculated seed of Vantage, containing 121 plants,
showed an average of 79.3 percent smut. This percentage infestion
indicated that Vantage was susceptible to culture Ungl9~6-2 of
Uo nigrae The range of infection in the individual rows, from
75 to 85 percent, indicated the effeotiveness of the methods of
inoculations

If resistance was conditioned by a dominant gene or genes,
no infection would be expected in the Fj generetions Two of the
F1 plants, or 1l.3 percent of the 16 crossed seeds that were
inoculatsd %o gf n%ﬁfiﬁ wore infected with smuts Infeotion in

this generation suggested that resistance to U. nigra was con=

ditioned by a recessive gene or geness
Sixty-seven plants, or 59.8 percent of the 112 Fo plants that
were grown (Table 2), were infeoted with Us nigras The renge of
infection within the Fpo rows was from 36 to 75 percent. Infection
in the Fy was too high %o indicate dominence of the gene or genes
responsible for resistance. This confirmed the Fy1 resultse.
The distribution of the 105 F5 lines on a percentage basis is
presented in Table 3 On the assumption that the lines that showed

no smut were homozygous for the resistance of Jet and that those

showing smut were segregating or susceptible, the F3 lines were
divided into two groups; 20 homozygous for resistance and 85 either
segrogating for resistance and susceptibility or completely susceph-

ibles In view of the possibility of over-lapping of the segregating
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and susceptible classes, whioh would be expected to occur if resistance
were controlled by a recessive gene or genes, no attempt was made to
gseparate the segregating from the susceptible F3 linese

L single comparison between the theoretically expected and actual
numbers was made possible by the division of the F3 lines into two
oclassese The actual number of Fz lines in the two classes (res.tsegs
and susce), fit the expected 183 ratio with & chi=square value of
1.9841 and a P value of between .20 = o10.

The evidence indicated that the resistance of Jet to culture

Ung 1;9=6=2 of Uo nigra was conditioned by a single recessive gene.

oes Inheritance of Resistance to U. hordsi,

The infection percentages of the six rows of eacsh of Véntage and
Jet that were inoculated to oulture Uh L7-6lL-l of U. hordei were Tlely
and 0.0 respectively, (Tables 2 end 3). These data confirmed previous
results obtained by the writer and showed that Vantage was susceptible
and Jet resistant to the smut oulture used.

One Fy plant or 10.0 percent of the aleven crossed seeds

inoculated to U. hordei was infected with smut. This suggested

that the Jet resistance to Us hordei was conditioned by a recessive

gene or genes. These results were confirmed by data from the Fp
generation. Infeotion in the Fo, (Table 3), ranged between 30,0
and 75.0 percent, with an average of L0¢B percent (Table 2).

The distribution of the 105 F3 lines on a percentage basis is
presented in Table 3., The F3 lines were divided into two groups on

the assumption that the homozygous resistant lines were not infected
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and the segregating or susceptible lines showed various degrees of
infeotion. Thirty-three linss were classified as resistant and 72
as segregating or susceptible. No attempt was made to further divide
the segregating or susceptible groupe

The number of F3 lines in the two classes (res.:zseg. and SUSOe)Q
fitted a 123 ratio with a ochi-sgquare value of 263140 which corresponds
to a P value of between 20 = +10.

On the basis of the svidenss presented it was concluded that
the resistance of Jet to culture Uh 47-6L-l of U. hordei was
conditionsd by a single recessive genee

Examination of the distribution of the F3 lines inoculated to
U. hordei (Table 3), reveals that there was an excess of F3 lines
showing no smut. The F3 distribution was also skewed toward the
resistant classes. This suggests that there was a low level of
U. hordei infection throughout the F5 tosts. The averages of

1

infection™ for the F5 lines inooulated %o U. hordei, U. nigra

and Us nuda confirmed this assumption. The readings were 1l.5,

et o At

23y and 21.2 percent infection respectivelys
Several hypotheses have bsen advanced to acoount for low

percentages of infection in Uo hordel inoculated lines. Johnston

P

(12), wells (47), and Shends (38), presented evidenss to the effect

that higher mortality in U, hordel infected seedlings, compared to

those not infected, deoreased the percentage of smut in F3 lines

1) The averages of infeation for the F3z lines inooulated to the

three smut species are not presented in the Tables,
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segregating for resistance. Infection escape has also been suggested
(12,47) as an explanation for low infection in F3 lines inoculated
to Us hordei. Both of these factors may have been operating to

NS

agoount for the results obtained herse

2, Inheritancs of Resistance to U. nuda, Us nigra and U, hordei in
the cross Plush x Jete

The population size among the F3 progenies of the oross Plush>x
Jet ranged from 20 to 32 plants, with an average of 23 plants. The
parental rows averaged 22 plants for the susceptible parent and 17
plants for the variety Jet.

Fy and Fp plants of the cross Plush x Jet were not tested for
reaction to Us hordei or U. nigra. Fz lines from random Fo plants
of the hybrid were tested specifiecally to determine the genotypes
of the Fo plants for reaction to the three smut speciess The data
were compared with those obtained from the cross Vantage x Jet and
the similarities and differences in the mode of inheritance of the
resistances to the three smut species‘were noted.

‘The reactions of the parents and Fo generations of the hybrid

to Us nuda and of the parents %o Us nigra and Us hordel are presented

in Tabls 5. The distributions by five~percent infeotion-class
intervals, of the parental rows, Fp rows and Fz progenies incoulated
to U. nude and the parental rows and F5 progenies inoculatsd to

e ot i s

U. nigre and U. hordei are presented in Table 6.
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Table 5o Percentage of infected plants of parents and Fo of the

cross Plush x Jet inooculated to culture Un L9-68 of

Ue nuda and of the parents inoculeted to culture

Tng 19-6~2 of Us nigra and Uh L7-6li=l; of Us hordei.

Treatment Material Total Number . Number Percent
Plants Healthy Infected Infected
Inooculated Fo 204 170 3l 167
%o Plush 121 L1 80 6662
Ues nuda Jet o7 g7 0 0.0
Inoculated Plush 12 L5 97 6863
to Jet 136 136 0 0.0
Ue nigra
Inoculated Plush 122 62 60 1192
%o Jet 11k 11 0 060
Ue hordei

8. Inheritance of Resistance to U. nudae.

The infection percentages of the parent varieties presented in

Tebles 5 and 6 indicate that Plush was susceptible and Jet resistant

to culture EE_A9-68 of Ueo nudas The average infeoctions for the seven

rows of Jet and the six rows of Plush were 0.0 and 66.2 percent
respeatively.

Inoculated seed from 8 Fp plants produced 204 Fp plantse

four were infected with U. nudsae

Fo rows was from 6 to 27 percent.

Thirty=-
The range of infection within the

Although the 16e7 percent average

infection suggested that resistance was dominant, it was too low

for an accurate interpretation of the number of genes involved.

However, the fact that the Fo infections within the individual rows

ranged as high as 27 percent, supported the single gene hypothesise




Table 6o Distributions of parental rows, Fo rows, and Fz progenies of the cross Plush x Jet inooulated to culture
Un Lj9-68 of U. nuda and of the parental rows ehd Fz progenies inoculated to cultures Ung [j9=6=2 of
U. nigra and Uh L7=6lL=l; of Us hordei and presented in 5 percent infection class intervalse

Material 0 1=5 6= 1ll= 16~ 21= 26= 3le 3b= Lle b= 5Bl= 56= 6l b6= Tl= 76= B8l- B86= 9l= 96- Total
10 15 20 25 30 35 440 L5 50 b5 60 65 70 75 80 85 Q0 95 100 Rows
Inoculated
to E:apuda
Fo R = 0 1 3 1 2 1 0 - = - - - - - - - - - - = 8
F3 29 3 19 5 8 6 2 3 0 1 1l 1 0 2 1 1 3 1 1 0 1 99
Plush - = - - = - = - - = 0 1 1 1 1l 1 1l 0 o = e 6
Jet 7 = - - - - - - - - - - - - - - - - - - - i
Inoculated
to U. nigre
F3 29 10 1, 12 9 5 5 L L 2 2 2 3 0 1 1l 1 0 0 0 0 104
Plush - = - - - - = = - - = = - - 0 3 2 1 0 - - 6
Jet 7T = - - - - - e - - - - - - - - - - - - - 7
Inooculated
to gimhordei
F3 38 7 18 1 14 3 2 2 1 0 2 0 0 0 2 0 1 0 0 0 0 104
Plush - - = - - = - = 0 1 1 1 - 0 1 1 0 1 0 - - = 6

Jet 6 b = hd had = - - L L - L s Ld - a = o - @ - 6

-aga-n
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The distribution of the 99 Fz lines on a percentage basis is

presented in Table 6. The F3 lines were divided into two groups;

39 showing no smut and assumed to be homozygous resistant and 60

showing smut and assumed to be susceptibls or segregating for suso=

eptibility. Since none of the Fo rows showsd more than 27 percent

smut the division bstween susceptible and segregating lines was made

at that point. The numbsr of F3 lines in the thres classes were;

39 resistant, U3 segregating and 17 susceptibleo

The results of the ochi-square tests of the mode of inheritance

of reaotion to Us nuda are summarized in Table T

Table 7. Summaery of chi-square tests for mode of inheritance of

reaction to . nu@g_oulture Un [j9=68 in the cross

Plush x Jete

Character and Cross Retio Chi-Square P Value
Plush x Jet (n = 99)
rase & sege.s susoeptible
lines 3=l 3.2356 010 - .05
res.s Seg.% susce lines 13231 9.722)4 less than o0l%

The probability value for ‘the 1:2:l1 ratio was less than P = .05

which was the minimum regarded as indicative of a satisfactory fite

Examination of the distribution of *%he F5 lines incoulatsd to U. nude

in Table 6 shows an excess of apparently resistant linese

o g

As the

Fo data, (Tables 5 and 6), showed a low percentage of infection,

it is apparent that larger numbers of plants than those available

in some of %he Fz lines would be required to distinguish segregating

* significant chi-square value
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from resistant onss.

The P value for the 321 ratio was in agreement with the single
factor hypothesis; also the F, percentage infection was too low for
resistance to be conditioned by recessive genss. This was considered
sufficient evidence %o confirm the hypothesis established in the oross
Vantage x Jet, thet the resistance of Jet to oulture Un 4j9-68 of

U. nuda was conditioned by a single dominant gene.

be Inheritance of Resistance to U. nigra.

?h@ reactions of the parent varieties and F3 lines to oculturs
EE,A9~6=2 of Us nigra pressnted in Tables 5 and 6, agresd with
the results presented from the eross Vantage x Jet. The 104 F3
lines were divided into two groups on the assumption that the homozygous
resistant lines were not infeoted and the segregating and susceptible
lines showed some infectlion. Twenty-nine lines were clessified as
resistant and 7L as segregating and suscepbtible. The chi=square value
of 0.44615 which corresponded to a P valus between o50 - 30 was in
excellent agreement with the single recessive gene hypothesis establi-

shed for the cross Vantage x Jet.

Ce Inheri?anoe of Resistance to U. hordei.

oross Plush x Jet is presented in Table 6. The reaction of the

parents to Ue hordei is shown in Table 5. No plants were smutted in

the Jet rowse Inooulated Plush averaged 1;9.2 percent infection with

the range from L1 to 80 percents
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0f the 104 F3 lines, the 38 in the zero infection class were
assumed to be homozygous resistant; the remaining 66 were classed
as segregating or susceptible. Ths ohi=-square test for goodnéss
of fit of the data to a 1:3 ratio was negative, (chi-squere value
7.3610; P = less than .0l.)

Exeminetion of the F3 distribution (Table 6), reveals a
skewness toward the resistant olasses and an excess of lines in the

zaro infection class. The same reasons that were advanced to account

in the cross Vantage x Jet ars suggested to ascount for these resultss
No genetic interpretations were derived from this chi-square deter=-
mination. However, the results do not necessarily disprove the
single recessive gene hypothesis developed to explain the Jet

resistance to U. hordel and established from the cross Vantage x Jete

30 Interrelationships of the Genes in the Variety Jet that Condition

Resistance to U. nude, Ue nigra and U. hordei.

The genotypss for reaction to U. nuda, U. nigra and U. hordsi

of the Fo plants from the crossss Vantage x Jet and Plush x Jet

were established through tests of the F5 femilies 4o each of the
three smut species. The Fy plants were classified into four reesction
classes based on the evidence for single gens pairs conditioning
raesistance to sach of two species. The following factor pair
combinations were considereds factors conditioning reaction to

~ U. nigra vs., reaction to U. nuda; reaction to U. hordeil vs. reaction

to U. nudas; and reaction to U. nigra vse reaction to U. hordei.

e a4 e e [ER——
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The chi-square treatment outlined by Mather (16) was applied
to each set of Fp date in an attempt %o determine the existence
of associations between the factor pairs under consideratione

The data for each of the various factor combinations will be
presented separatelys

po Assooimtion of the Factors Conditioning Reaction to U. nigre
vse Reaction to Ue. nudae

The factorial constitutions of the susceptible and resisteant

and U,_mude were unb un, Ung Ung and Unb Uné”, ung une®.
The distribution of the Fy plants in the reaction classss
Unb Ung, Unb ung, unb Ung, unb ung were as follows:

~ for Vantage x Jet = 65:15:1326, where n = 99
and Plush x Jet = 57213225z, where n = 99.

The chi-square values derived from separating the segregation
of the two factor pairs into components are presented in Table Be

The data presented in Table 8 confirmed the monofactorial
hypotheses that were previously established %o explain the inheritance
of the Jet genes for resistaence to Us nuda and Us_ nigra. The relatively
large probability values for both the 923:3:l segregation and linkage

components in both of the orosses indicated complets independence of

the Jet genes conditioning resistance to U. nigra and U. pudas

1) Symbol for the dominant gene conditioning resistance to the Trebi

attacking "races" of U. nuda (28),

2) Tentative symbol assigned by the writer to the recessive Jet gene

conditioning resistance to oulture Ung L9-6=2 of U. nigrae

e s
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Table 8. Chi-square values for the components of the segregation of
the two faotor pairs conditioning reaction to U. nigra vse.
Ue. puda in the orosses Vantage x Jet and Plush x Jete

B -

Cross Component Chi-square DeFo P Value

Vantage x Jet  Sege for Ung ung 1.,7811 1 020 = »10
Sege for Unb unb 0.7575 1 050 = 830
Sege for linkage 1.37L8 1 30 = 20
9:3:3:1 sege 2,913l 3 030 = 020

Plush x Jet Sege for Ung ung 0.9730 1 e50 = 30
Seg. for H}_Lé_ 1_1}}“6 502556 1 010 = 905
Sege for linkage 01919 1 ¢50 = 30
9:323:1 segs L4s7035 3 620 = 510

be fssociation of the Factors Conditioning Reaction to U. hordel vse
Reasotion to U. nudas.

The factorial constitutions of the susceptible and resistant

parents investigated for reaction to U. hordei and U. nuda were

uné unb, Uhl UhL and Unb Unb, ubl gggl respsotively. The Fo
segregations for the factor pairs Uhly unly Unb unb in the two
orosses under consideration are as follows:

= for Vantage x Jet = 5521522526, where n
and Plush x Jet = 1;9:13233:zl;, where n

10l.
99,

The results of the chi=-square tests applied to these data are
given in Table Y.

The probebility values for the single factor segregations
(Teble 9), confirmed the monofactorial hypotheses established

previously ‘%o explain the inheritance of the Jet genes for resist-

snce to U. hordei and Ei_nuda,

1) Symbols for the recessive Jet gene conditioning resistance to
"race" 6 of U. hordei. (L7 .
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Table 9 Chi-square values for the components of the segregation of
the two factor pairs conditioning reaction to Us hordei
vse U. nuda in the crosses Vantage x Jet and Plush x Jete

Cross Component Chi-square  DeFe P Value L
Vantage x Jet  Sege for Uhly uhly 1.7L458 1 620 = 10
Sege for g_g__é_ g‘}g_é 009653 1 eBD - 530
Seg. for linkage 0.135351 1 80 = oT0
9:3:3=1 segregation 208422 3 e50 = 030
Plush x Jet Seg. for Uhly uhl 8.0841 1 less than «01l%
Sege for Unb unb 34,2356 1 010 = 05
Seg. for linkage 361526 1 o100 = 205
9:23:511 segregation 11725 3 less than »0l%

Lack of agreement of the F, data of the cross Plush x Jet with
& 923:5:1 ratio can be attributed largely to the poor f£it of the
Uhl uhl factor segregation to & 123 ratic. Reasons have been
presented previously to explain this situatione

The probability values for the linkage components ars in egree=
ment with a hypothesis that the genes in Jet that condition resistance

to U. hordel and Ue nude are completely independente

Go Association of the Factors Conditioning Reaction to U. hordei vse

Reaction to Ue. nigrée

The constitutions of the susceptible and resistant parents for

the factor pairs conditioning reaction to U. nigra and U. hordei were

s s T

Ung Ung, Uhly Ukl and ung ung, ubly uhl respectively.

The Fp segregations for the factor pairs under consideration were

as followss
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- for Vantage x Jet - 68 Ung UhL, L Ung uhly, 17 ung Uhl,
16 ung ubl;, where n = 105.
and Plush x Jet = 61 Ung Uhl, 5 Ung uhl, 14 ung Uhl,

mmmtarimce

2l ung EEE, where n = 104

The ohi=square values derived from separating the segregation

of the faotor pairs Ung ung and Uhly uhly into components are presented
in Table 10
Table 10s¢ Chi=square values for the ocomponents of the segregation

of the two faotor pairs conditioning reaction to Ue. hordei
vse Uo nigree

Cross Component Chi-square DoFo P value
Vantage x Jet Sege for Thl uhl 203142 1 020 = 510
Sege for Ung ung 1.,9841 1 020 = 10
Sege for linkege 23,1931 1 less than
9232321l segregation 27..931 3 less then
Plush x Jet Sege for Uhl uhl 73846 1 less than
Sega for EE$~355 0.&615 1 090 - ¢80
Sege for linkage 51709 1 less than
5905555 3 less than

Chi-square tests for the linkage components of segregation (Table 10),
gave probability values exoeeding the 0l level on the data from both
crossese This was interpreted as an indication that the factors in Jet

that condition resistance to U. hordei and U. nigra are not inherited

independently.

Recombination percentages for the two factor pairs were determined
by the Product Method desoribed by Immer and Henderson (1ll). These values
are presented separately for the two orossese

The four segregeting olasses in Fo, referred to previously, were

designated &, b, ¢ and d for the purpose of determining the recombination

e0l1%
e 0l=

«01%

o01%
o 01*
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values. The ratio of products in the oross Vantage x Jet was bo/ad =
.06250; where & = 68, b=z l, o = 17 and d = 16 (previously presented).
The recombination fraotion for the ratio of products value, as delter=-
mined by Immer and Henderson's Tables, was 18 f'h5236 peroent. The
ratio of products for the oross Plush x Jet was .0L78ll; which gave

a corresponding recombination fraction of 16 £ 3,98l percent.

The evidence presented above appearsd to be overwhelmingly in
favor of a hypothesis that single, distinot, but closely linked
recessive genes in the variety Jet condition resistance to U. hordel
and Ue nigra. However, in view of the low level of infection of the
Uo. hordei inoculated F5 lines, some doubt might exist as %o the
validity of the recombination values. Examination of the U. hordel
and U, nigra infeotion percentage values for the individual F3 lines
revealed thet lines infected with U. hordei wers generally infected
with U. nigra. The reverse did not hold true however; many U. nigra
infected lines, espeoially those in the lower infeotion classes, werse
free of U. hordei infection. This suggested that infeation esocape

rather than segregation could acocount for the differences in the

reactions of the individual Fz lines to U. hordei and U. nigra. The

possibility thet a single gens pair in the variety Jet conditioned
the reaction to both seedling infeoting smuts can not be entirely

eliminateds
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SECTION TWO

A STUDY OF THE INHERITANCE AND INTERRELATIONSHIPS OF DIFFERENT
VARIETAL SOURCES OF RESISTANCE TO USTILAGO NUDA

MATERIALS AND METHODS

The genseral procsdurss and the materials used in conducting the
investigation being presented in this seoond section of the Thesis
wars gimilar to those outlined under Materials and Methods of Section
lo The informetion to be presented here involves the varieties used
in the investigation and the handling of the hybrid populations.
Varisties

One susceptible, one moderately-resistant and eight resistant
barley varieties were used in this studys Four of the varieties
investigated, Kitohin (CeI.1296=1), Bifarb (C.I1.3951=3), CsIL.5798

and Jet were reported by Tapke (L;3), to be immune %o i physiologie

"races" of Us nuda. Mosemen snd Reid (20), reported that the same

four varieties and the Brandon hybrids Bre. 5479-680 and Bre. 5479-754
were immune in tests to "a composite of, or individual cultures of,

Tapke's races" of Ue nuda and to virulent culture, P935l from

Cloninger and Poehlman (5). Table 11 shows the smut reactions of
the parental varieties and the susceptible variety Vantage inoculated

to three Trebi-attacking cultures of U. nuda. Inooculations of ocultures

1) Trebi-attacking culture of Us nuda obtained from Dre. Je. Moseman,

UeSeDalls, Belbtsville, Marylands
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gg_h9-681 and "Race" 02 were mads in the field at Brandon in 1955,

1956 and 1957,

classifiable plants grown in the field from 100 inoculated seeds.

The reactions to the two cultures were obtained from

on reaction to culturs P.35 were supplied by W. J. Cherewick (perse

Data

comime ) e
Teble lle Smut reactions of 11 barley varieties artificially inooulated
with 3 Trebi-attacking oultures of Ue. nudae
Variety Coleor Percent Infection Culture
CohioNo Culture Un 49-68 “"Race" Ua C. Pe35
Number 956 1957 1958 Ave. 1956 1957 1958 Ave. % inf.
Vantage CuﬁeNellée ).LB@O 7500 92@0 7le6 59@0 6700 8900 7196 67 s0
Newal CeAoNe 1089 70@0 82.0 8900 8095 Bheo 81,0 8660 8356 dad
Brachytioc=119 | ees 23,0 LTe0 L7e0 39:0 59,0 19:0 35,0 37e7 ==
Jet CoLs967 0.0 060 0o0 060 0s0 0.0 0e0 0.0 060
Br-680 oo 0e0 060 00 0s0 060 0.0 0,0 0.0 0.0
Br-75l == 0.0 0e0 0.0 0.0 00 0o 0.0 0.0 000
Valkie-trde = 00  0s0 0.0 0.0 0.0 00 0.0 0.0 060
Nigrinudum e 0e0 000 0.0 00 00 0.0 00 0.0 060
Kitchin CoTol296=1 0e0 00 0.0 060 0e0 060 00 060 060
Bifard CeTa3951=3 060 00 00 060 060 060 0.0 0,0 060
hadabadad 00135798 0.0 0.0 0.0 000 060 0.0 0.0 0.0 0.0

The origins and some varietal characteristics of the varieties

used in this study are as followss

Vantage and Jet wsre desoribed in Seotion l. of this Thesis.

Newal is a six-rowsd variety of commercial importance in Albsria.

1% origineted from the oross Manchuria x Lion, 2 X 0.8.0:210

The varieties Br.5,79-680 and Br.5479=75l are six-rowed loose=

1) the culture of U. nude describsd in Seotion l.

2) Trebi-attacking culture of U. nuda obtained from Dr. L.P.V. Johnson,

University of Alberta, Edmontone
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smut-resistant selections developed at the Co.Ds4. Research Branch,
Experimental Farm, Brandon, from the cross Vantage x Jet, 2 x Vantmores

Brachytic=119 is a mutant from the aross Himalaya x Persicume
It is homozygous for the faotor pair brbr which conditions bréohytio
growth habite

Valkie-trde is & selection from the variety Valkie (C.I.5748),
made by Dre Co Fo Konzak, at Cornell University, Ithieca, N.Y. It
is homozygous for the reocessive third-outer-glume character pair
trd trde The original variety Valkie came from Vavilov's South

Russian Collectione.

Nigrinudum is & selection known as Hordeum distichon nigrimudum 1,

made by Robertson (26), from an original straein of Hedistenigrinudum

which waes introduced by He V. Harlan from Abyssinia in 1918, Nigrinudum
is heterozygous for the green vs. white seedling character pair An an.
Kitohin is of hybrid origin, coming from the oross Moravien x
Defiolens and made by He V.o Harlen in 191l at St. Paul, Minnesotae
Bifarb is an introduotion from Abyssinias. Seed of the variety
was presented to Ho Ve Harlan in 1924 by the Ministry of Agrioulture
of Giza, Egypte
CeI.5798 was introduced by Vavilov into Russia from Abyssinies
It was introduced into the United States from Vavilov's collection.
The varieties Jet, Valkie=trd., Nigrinudum, Xitchin, Bifarb and
C.I1s5798 are two-rowad types.

Smuts Culture

The U. nuda oulture Un 49-68, whioh has been described previously,
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was used in this study.

Bybrid Populations

The crosses used and the generations in which the hybrid populations
wore investigeted for reaoction to U, nuda are indicated in Table 12,
Crosses wers made at Brandon in 1956 and 1957,

Table 12. Crosses studied and generations in which the hybrid
populations wers investigated.

Cross Generations Investigated
Nigrinudum x Newal F2
09105798 x Newal F2
Bifarb x Newal Fo, F;g
Kitohin x Newal Fo, Fad
Jot x Newal Fo, F3e
Bre5l79-680 x Bifarb= F3, Fle
Bre5L79=75l x Kitohin#® F;, Flje
Kitchin x Bifarb=® F5’ Fho
Bre5L79-754 x C.T1.5798 F3
Bre5479=-680 x C.I.5798 F3
Jet x CoI.5798 F;
Kitohin x C.I.5798 F
Bifarb x C.I1.5798 Fg

-Jet x Nigrinudum F3
Valkie=trd. x Jet F3
Brachytic=119 x Jet F3

Pedigrese Methods

Hybrids of the crosses listed in Table 12, involving the loose-smut-
susoeptible variety Newal and the resistant varieties Nigrinudum, CeI.5798,
Kitchin, Bifarb, and Jet, were investigated for the purpose of studying

the mode of inheritance of the genes conditioning the immune type of

*Studied in Fl
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loose smut reaction of the resistant varieties to culture Un [j9-68.
The remaining crosses, (Table 12), were investigated for the purpose
of determining the interrelationships of these various resistance genes
with one another and with the gene or genes in the varieties Valkie=trde
and Brachytic-119 conditioning resistance to the same loose smut culture.

The method of handliﬁg the hybrid populations were similar-to
those outlined previously.

Crossed seed of each of the hybrids were sown in the field in
1957. Several spikes on a number of the resulting Flzilants were
inooulated with U. nuda and the seed used to test the Fp generation.
The Fz lines were tested by growing out U. puda inooculated F3 seed
from random plents of Fp populations. The inoculated F3 sesd of
each F2 plant was divided into two seed lots in order to permit
dupliocate testing of the F3 lines. One replication of the F3 lines
was grown in the fall of 1958 and one in the spring of 1959. The
total number of plants from the two tests were used in the deter=-
mination of the infection percentages of the F3 liness

An attempt was made to check the reaction of & number of F3
lines of the crosses in Taeble 12 marked with an asterisk, by growing

out U. nuda inoculated F}, seed of approximately twelve plants of

each of the F3 lines investigated.
All date reported in this Section, with the exception of the
data from the Fu lines, were from material grown in the greenhousese.

The ), tests were grown in the field at Brandon in 1959,
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EXPERIMENTAL RESULTS AND DISCUSSION

1. The Mode of Inheritance of the Genes Conditioning the Immune Type
oF Toose-Smut Resistance in the varieties Jet, Kitchin, Bifarb,
Celob798 and Nigrinudume

The reactions of the parents and Fo generations of the orosses
involving Newal to oultura_gg.h9-68 of Us nuda are presented in
Table 13s The distributions of the parental rows, Fp rows and F3
progenies by five percent infection oclass intervals are shown in
Table 1l

The size of the F3 progenles varied from 20 to 36 plants with
an average of 24,0 plents. The number of plants in the parental
rows varied from 11 to 21 with an average of 16.1. The average
number of plants in the Fo rows was 1leJe

Loose smut infections for the variety Newal were high, ranging
from 69.9 to B2.6 percent (Table 13)s The average infection for the
variety throughout the tests was 76,9 perocente The reactions of
Jet, Kitchin, Bifarb, CeI.5798 and Nigrinudum were consistent with
previous results (Table 11) and demonstreted the immunity of this
series of varieties to culture Un 1;9-68.

The Fo generations of the five crosses being investigated showed
approximately the same loose smut reactions. The average infection
of the five populations was 22.l; percent. This value and the
sverages of infection for the individual Fp populations, presented
in Table 13, were in reasonably close agreement with the values
expected, (infection of Newal T6.9 percent), when a single dominant

gene 1s responsible for resistancee



Table 13s Percentage of infected plants in the parents and F, of

the orosses inooulated with oulture Un L49-68 of Us nuda
and grown in the greenhouse.

Material Toteal Number Number Percent
Plants Healthy Infected Infected
Jot x Newal Fo 156 125 31 19.8
Jet 8l 8Ly 0 0.0
Newal 10% 31 72 699
Kitehin x Newal Fa 98 75 23 2395
Kitohin 91 9 0 0.0
Newel 100 2l 76 7660
Bifarb x Newal Fo 133 97 36 270
Bifard 119 119 0 0.0
Newal (see cross Kitohin x Newal)
CoIo5798 x Newal Fp 15 115 30 2007
CsTo5798 187 187 0 0.0
Newal 19 26 12% 82.6°
Nigrimudum x Newal Fop 142 111 31 21.8
Nigrinudum 216 216 0 0.0
Newel (see oross Kitehin x Newal)
hverage Infeotion=Fo 67L 523% 151 22.0
~Newal 352 81 271 7649

Infection percentages of 5803 and 52.1 were obtained in single
Fo rows of the orosses Kitchin x Newal and Bifarb x Newal respect-
ively (Table 1L4)e A single smut-free Fp row was also noted in the
eross Colo5798 x Newal. These extreme infection values were considered
abnormal for this material in view of the releatively normal distribution
of the remaining L2 Fp rows. Infection in these remaining rows ranged
from 5 to 38,0 percent. These extreme values were not unexpected
however, in view of the limited numbers of plants being grown in the

individual Fp rowse



Teble lljo Distribution of parental rows, Fp rows, and F progenies, in 5 percent infection olass intervals,
of erosses inoculated with oulture Un~h9~68 of Us nudae

Material 0 1-5 6= 1l= 16~ 2l= 26- 3l= 36= Ll= L6= 51= 56= 6l= 66= Tl= 76= B8l 86« 91= 96- Total
10 1520 25 30 35 Lo L5 50 55 60 65 70 75 80 85 90 95 100 Rows
Jet x Newal Fp - 0 1 3 2 2 1 1 - - - - - - - - - - - - = 10
Jet x Newal F3z 30 12 8 15 10 3 6 2 I 2 1 1 2 2 L 1 3 1 2 0 - 109
Jet 7 = - = - - . - - - - - - - - - - - - - - 7
Newal - = - = - - - - - - - 0 1 2 0 1 1 1 0 - - 6
Kitchin x
Newal F2 - = 0 1 0 2 1 1 0 0 0 0 1 0 - - - - - - - 6
Kitehin x
Newal F3 19 2 3 7 3 7 5 5 0 0 1 1 1 3 2 2 2 0 2 1 0 66
Kitohin 6 = - - - - - - - - o= - - - - - - - - - - 6
Newal 1) - = - = - - - - - - - - 0 1 1 0 1 1 2 0 - 6ﬂ
Bifarb x 5
Newal Fo - - 1 0 1 2 1 2 0 1 0 1 - - - - - - - - - 9 4
Bifarb x
Newal F3 27 2 3 10 10 7 3 3 2 0 2 1 3 0 L 2 1 0 3 1 1 85
Bifard 7 = - - - - - - - - - - - - - - - - - - - 7
Newal 1) e = = e =4 4 4 4 '« 4« 4« =« 9 1 1 o 1 1 2 o = 6
CoTo5798 x :
Newal Fo 11 1 1 2 2 1 0 1 0 - = - - = e e e = - 10
CoTo5798 11 = - - - - - - - - - - - - - - - - - - - 11
Newal - - - - - - - - - - 0 1 0 1 0 3 2 1 2 0 0 10
Higrinudum x
Newal Fo 0 0 0 2 2 2 2 1 0 0 1 - - - - - - - - - = 10
Nigrinudum 12 - - = - - - - - - w - - - - - - - - - - 12
Hewal 1 - - - - - - - - - - - - 0 1 1 0 1 1 2 0 - 6

1) Tnfection distributions for the variety Newal obteined from a single tesbe
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The F; lines of the orosses Jet x Newal, Kitehin x Newal and
Bifarb x Newal (Table 1llj), wers assigned to the genetic classes
resistant, segregating and susceptible on the bases of their loose
smut reactions. Lines that were free of smut were considered to be
homozygous for resistance; those in which the infeotlon percentagses
wers within the range of infection of the corresponding F2 populations
were assigned to the segregating class and the remalnder were con-
sidersd to be susceptiblas

The number of F3 lines assigned to the three genetic classss
wore as follows: Jet x Newal, 30:5622%; Kitchin x Newal, 19:35:12;
Bifarb x Newal, 27 :,3s16e

Two comparisons between the theoretiecally expeoted and actual
numbers were made possible by the division of the F3 lines into three
classese. The results of the chi=square tests for goodness of fit for

the inheritance of reaction %o U. nuda are. presented in Table 15

Table 15 A summary of chi=square ‘tests for inheritance of reaction
to oulture Un L9-68 of U. nuda in the orosses Jet x
Newal, Bifardb x Newal, and Kitchin x Newal,

Character and Cross Ratio Chi-square P value

Jet x Newal (n = 109)

rese & sege vss sus. lines 3zl 1.4801 030 = .20
ress sags sus. lines 15221 1.7155 eH0 = o30
Kitehin x Newal (n = 66)

res. & Seg. VS. sus. lines 321 1.6363 030 = 020
res :segsus. lines 1:2:1 1.193L 250 = 30
Bifarb x Newal (n = 85)

res. & S8Ze VSe SUSe lines 3:1 108759 020 = o10
reszsegssus: lines 12221 2.,8139 030 = .20
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A1l of the probability values in Table 15 were in agresment with
single factor hypotheses. The low percentages of infeotion in the Fyp
populations (Table 13), and the large numbers of F lines in the low
infection classes (Table 1ll), indicated that the resistance genes were
each dominant in effect. Although the F3 generations of the orosses
Nigrinudum x Newal and CeI.5798 x Newal were not investigated, the
similarity of the reactions of the Fp populations of these two orosses
with those involving Newal orossed with Jeot, Bifarb and Kitohin, was
considered sufficient evidence to warrant the suggestion that Nigr-
inudum end CeI.5798 also possess single dominant genes conditioning
resistance to oulture Un L9-68.

2, Interrelationships of the Genes Conditioning Resistance to Culture

m [9-68 of Ue. nuda in the Varleties Jet, Kitchin, Bifarb, C.Il.
5798 and Nigrinudume

The distribution of loose-smut infection by percentage classes for
the parental rows and F3 progenies of orosses designed to bring together,
in verious combinations, the loose smut resistance genes of the varieties
Jet, Bifarb, Kitohin, Nigrinudum and C.I.5798, are presented in Table 16,
The infection percentages of the twenty-two U. nuda inoculated headsof
the variety Newal, previously presented in Tables 13 and 1, were
inoluded here to represent the infection distribution of a loose-smut
susceptible varietye

Included in the Fz distributions presented in Table 16 were several
from hybrids involving the two seleotions Br.5479-75) and Bre5479=-680
orossed to members of the group of loose smut resistant varieties
(Table 12). Since both of the seleotions derived their loose smut

resistance factors from Jet, it was assumed that the smut reaction of

Jet was represented in crosses involving thess selectionse




mable 16e Distribution of loose=smut infection by percentage classes

for the parental rows and F progenies of corosses involving
Jet and Jet=derivatives, Bi arb, Kitchin, Nigrinudum and

CoI657980
Material Class Merks of % infection Classes Total Noe
0 5 15 25 35 L5 55 65 75 83 95 of lines
Newal - = = = = 0 2 5 8 5 2 22
CoI5798 17 = =« = = = = = = = = 17
Jet ' 6 = = = = @ = = = = = 6
Bre5479-T54 8 = = = = = = = = = = 8
Bro 5L79-680 8 = = = = = = = = = - 8
Kitohin 5 s = L s s s @ @ - = 5
Bifal‘b Ll, hd b L Ll s = L) L3 - s L"
Fz progenies ‘ ' ‘
Jot x CeI.5798 127 & = = = = = = = = = 127
Br=75l x Celo5798 120 = = = = = = = = = = 120
Bre580 x Cole5798 154 = = = = = = = = = = 154
Bifarb x Cole5798 131 = = - = - - - - - = 151
Kitohin X CeIeB79B 120 = = = = = = = = = = 120
Fz Total 652
Br-T54 x Kitochin 374 = = 1 = = = = = = = 375
Br-580 x Bifard 32 = = = = = = = = = = 362
Kitchin x Bifard 337 = = <= = = = <= = = = 251
F3 Total 1073
Jet x Nigrimudum 290 = = = = = = = = = = 290
F5 Totals 2015 = = 1 = = = = = = = 2016

Date presented in Table 16 supported the evidence presented
previously (Tables 11, 13, 1), on the reaction of the resistant
and susceptible parental varieties to culture Un L9-68 of Us nudas

Exemination of the data from the F3 lines of the five F3
distributions of the crosses involving CeIo5798 revealed that no

loose smut infection ocourred among the 652 F3 lines. This type
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of resction would be expected to occur if the genes conditioning
resistance were either closely linked or occupied the same gene locuse
Evidence derived from thess five crosses tended to support the latier
hypothesis since segregation for reaction to U. nuda apparently did
not take plece within the progeny of these crosses. An extremely
close linkage would be required to result in complete lack of segreg-
ation. A

A single Fz line of the cross Bre5LT79=T75l x Kitohin showed 22.3
percent smut infection (Table 16). Two hypotheses could be advanced to
acoount for this situation. Either the infected plants of this line
were the result of an admixbture of seed of an inoculated susceptible
variety and the F3 seed used to grow this line, or they resulted from
the segregation, within an Fo plant, of closely linked loose smut res-
istance factorse.

In order to check the smut infeotion classifications of the Fz
lines, & number were reinoculated with U. nudae A4n average of Bely

plants in 93 of the 1073 F3z lines from the crosses Bro5479-75L x Kitohin,

Bro5479-680 x Biferb and Kitchin x Bifarb were inooulated with U. npuda
:if and grown &s F), lines in 1959. Included in this material were six Fl,
progeny plants of the smutted line from oross Bre.5479=75L x Kitohin
(Table 16)s No smut was observed among this group of 778 Fh lines
inoculated to Ue. nudas The faet that none of the Fh plants derived
from the one infected Fz line was contaminated with U. nuda suggested
that the line was not segregating for loose smut reaction. It was
assumed therefore that the infected plants in this line were the result

of a seed adnixtures
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No smutted plants were observed in the F5 lines of the crosses
Bre5479-680 x Bifarb, Kitchin x Biferb or Jet x Nigrinudum (Table 16).

Although the possibility of closely linked genes could not be
entirely eliminated, the evidence presented appeared to be strongly
in favor of & hypothesis that the resistance of the varieties Jet,
Bifarb, Kitchin, CoI.5798 and Nigrinudum to culture Un },9-68 of
Ueo nuda was conditioned by & single dominant gene at the same loous
in each of the varietlese.

The similarity of the F5 distribu#ions of the crosses involving
Jet x CeIe5798 and the hybrids Br.5479-75L and Bre5L479-680 orossed
with GoI.5798 was taken as evidence that the hybrid selections
possessed the Jet gene for U. nuda immunity and that the gene had
not been affected by the transfer to the Bre5479 hybrid series.

3. The Interrelationships of the Genes that Condition Resistance to
Culture Un Lj9=68 of Us nuda in the Varieties valkie-trde. and Jeote

The distribution of loose smut infection in the parental rows end
F; progenies of the cross Valkie-~trde x Jet is shown in Table 1l7.
Table 17 Distribution of loose smut infection by percentage classes

for the parental rows and Fz progenies of the cross
Valkie=trd. x Jete

Parent or Cross Class Merk of % Infection Classes Total HNoe.

O 5 15 25 35 L5 55 65 75 85 95 of Lines
Jet W= = = = = = o = = = 10 (206 ple)
Valkie=trde 10 - = = = = = =« « o = 10 (20L pl.)
Newal = = e =« = 0 2 2 4 2 0 10 (271 ple)
Fz=Valkie-trde x 211 2 6 L4 1 2 1 1 1 0 2410

Jet
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With the exception of the 90 - 100 percent infection olass, the
240 F3 progenies (Table 17), covered the whole infection range. The
actual proportion of F5 lines showing smut was extremely small however:
only 19 lines exhibited infection.

The 10 rows of each of the varieties Valkie-=trde and Jet (Table 17),
were free of smut. Infection of Newal ranged from 50 to 90 percent
with an average infectiont of T2l percente

The division point between the genetically segregating and susc=
eptible clesses was placed at the 50 percent infection level; +the
bases of this division being that this was the low poiﬁt of +the
infection distribution of the susceptible variety Newal. Five Fz lines
were classed in the susceptible categorye The genetiocally segregating
olass was assumed to range from the 50 percent infection point to the
zero infection classe. Fourteen lines were within this range. The
remaining 221 lines were free of smut and were assumed to be homo-
zygous for resistances

The fact that segregation for smut reaction occurred was considered
satisfactory evidence that the genes conditioning resistance in the two
varieties were different. Since no readily discernible ratio ocould be
considered for testing, this appeared to be the only conclusive point
that could be established on the basis of the evidence provided by
the F3 datae

Two theories will be presented in an attempt to interpret the

F3 distribution of this oross; however, because of the limited

1) average infection of Newal was not presented in the Tablese
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information on the inheritence of the Valkie resistance, neither can be
considered conclusives

When two genes are present, a ratio of 15 resistant and segregating
to one susceptible F3 line is expected as & rule. In the oross under
consideration only 5 of the 2L30 F5 lines could be classified &s susc=-
eptible and 1l as segregating (Table 17). The low proportion of
segregating and susceptible F3 lines suggested a possible linkage
between the Jet gene for resistence and the gene or genes gonditioning
resistance in the variety Valkie-trde Sinoe the resistence genes
entered the cross in the repulsion phase, susceptible lines would
result only from the union of oross=over gametes, and the lines with
intermediete infeotion would result from the union of cross-over gametes
with non-oross=overse Consequently & deficiency of these lines, es
shown in Table 17, would be expected, if the resistance genes were
loocated on the same linkage groupe

I+ is also oconceivable that the F3 distribution for the cross Jet
x Valkie-trde could be acoounted for on the basis of the interaction
of 3 independent dominant genes. Konzak (13) has shown that the
resistance of Valkie to two of Tapke's U. nude "races" was conditioned
by "either of two dominant and independent genes". Evidence presented
in this Thesis has indicated that Jet possesses & single dominant
gene conditioning resistence to oulture EE_h9-68e If it is assumed
that three dominant, independent genes interacted in this cross, then
27 of 6L Fz lines would be expected to show smut infections; eight

would segregate 63:1, twelve - 15:1, six - 3:l, and a single line would
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be susoeptible on the averagee In view of the limited numbers of
plants in the Fz lines, it is possible that only those lines segreg-
ating 321 could be identifieds If this had oococurred, the ratio of
resistant to segregating and susceptible lines would have beaen 5737
The 221 resistant to 19 segregating and resistant F3 lines presented
in Table 17 fitted this ratio with é chi-square value of 2.2482.
This ohi-square value corresponded to a P value between 20 and »10.

Ls The Interrelationships of the Genes Conditioning Resistance to
Culture Un L9=68 of U. nuda in the varieties Brachytic=119 and Jete

The distribution of loose smut infection of the parental rows
and F3 progenies of the cross Brachytic=l1l9 x Jet is presented in
Table 18.

Table 18 The distribution of loose~smut infection by percentage

olasses for the parental rows and F3 progenies of the
oross Brachytic=119 x Jet.

Material Class Mark of % Infection Clesses Totel Noe
0 5 15 25 35 L5 55 65 75 85 95 of lines
Jet b6 = = & o 2o = = @ = - 6 (160 pl.)
Brachytio=119 = 01 3 2 0 =~ = = = = 6 (180 ple)
Newal - = = = 0 2 2 L 2 o 10 (271 ple)

FB-Braohytio=119 x
Jet 125 3321 9 9 3 2 1 1 1 o0 205

The progeny of the 10 inoculated heads of Newal, presented previously
in Table 17, were used here to represent the distribution of smutted
plants of a susceptible variety.

Jet continued to maintain its immune reaoction to culture Un 49=68.
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Based on the percentage infection of the susceptible variety Newal,
Brachytic-119 exhibited a partial type of resistance to oulture Un Lj9-68.
The percentage infection of the variety ranged from 16 to LO peroent
with an average infection of 29.l percents In view of the smut reaction
of the parent varieties the skewness in the distribution of the F3
lines toward the resistant classes and excess of lines in the zero
infection clesses were not unexpscted.

& complete genetio interpretation of the F3 distribution of this
oross inoculated to U. nude was not attempted in view of the lack of
information on the inheritance of the Brachytic=119 resistance to
culture Un [9-68. However, on the basis of the reaction of the parents,
(Jet giving immunity to U. nuda and Brachytic-119 showing a partial
type of resistance), it seemed logical to assume that the genes oon=
ditioning resistance to culiurs gg_h9-68 were different in the two
varieties. The evidence provided by the distribution of the F3 lines
{Table 18), indiceted that the resistance genses were located at
different looi in the two varieties.

The percentages of infeotion of 5 of the Fz lines (Table 18),
were within the range of infection of the susceptible variety Newals
This evidence of transgressive segregation towsrd greater susceptibility

than either parent substantiated the hypotheses established abovee



SECTION THREE

A STUDY OF POSSIBLE LINKAGE RELATIONSHIPS OF THE SMUT RESISTANCE
GENES OF JET WITH THOSE RESPONSIBLE FOR OTHER SPECIFIC CHARACTER=
ISTICS OF BARLEY

MATERTIALS AND METHODS

Varisties

Investigations of the linkage relationships of the Jet genes
conditioning resistance to the smuts of barley with those governing
other specific characteristies of barley was conducted by studying
hybrids between Jet and tester=stocks involving six of the seven
barlsy linkage groupse

The varietal characteristiocs of the tester=stocks used in
the study are briefly described as followssz

Colsess V is a hooded, six-rowed variety that was selected
from Colsess (Celo2792)s It is heterozygous for the chlorina
seedling factor pair Fo fo. The seedling is lime-green in color
and develops to maturity.

Colsess I is & six=rowed, hoodesd Variety selected out of
Colsess. It is homozygous for the hooded character pair KKe.

Orange lemma is from the United States Department of Agrio-
ulture genetic stock 121, The orange lemma character of the variety
is conditioned by the faotor pair o00.

Glossy-seedling 2B is a variety that is homozygous for the

glossy seedling faotor pair gly glpe It is of hybrid origine
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Triple-awned-lemme (C.I.6630), is & two-rowsd veriety with a
white triple awn on the lemma which is conditioned by the factor

pair tr tre

The varieties Plush and Vantage have been described in Sections

1 and 2 of this studye. Plush was chosen because it carries the
smooth-awn character pair rr and Vantage because it has resistance

to Puccinia graminis tritici Eriks. and Hean. conditioned by the

faotor pair Tt.

The variety Jet has been described previouslye

With the exception of Vantage and Plush, seed of the tester-
stocks used in this phase of the study was obtained from Dr. D. Wo
Robertsonl.

Table 19 shows the looss smut reactions of the tester-stock
varieties that were inooulated with culture Un 19=68 of Ug nuda.

Table 19, Loose smut reactions of 8 barley varietiss artificially
inooulated with culture Un L9-68 of Us nudas

Variety Percentage Infection
1956 1957 1958 Average

Vantage L9.h 756l 92,0 7243
Plush 6209 77 e).l. 8990 760)4
Glossy-seedling 2Be L8.T 6745 66,6 60.9
Orange~lemma L7 63 823 6405 6l1.7
Triple-awned-lemma 61.9 51.1 60,0 577
Colsess I 60.6 5060 100.0 T0e2
Colsess V 6200 5900 8907 70.2
Jat 060 Q.0 0.0 060

1) Formerly the Chief Agronomist, Dept. of Agronomy, Colorado

State University, Fort Collins, Colorado, UeSedhs
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The smut inooulations were made in the field at Brandon in 1955,
1956 and 1957. The reactions to the smuts were obtained from
olassifiable plants grown from a hundred seeds sown in the field

at Brandon in 1956, 1957 and 1958.

Pathogen Cultures

Smut culture Un L9-68 was used throughout this phass of the

investigations. Urediospores of P. graminis tritioi Race 56 were

used to test the Fz lines of the hybrid involving Vantage for

reaction to stem rust (linkege-marker Tt).

Hybrid Populations

Hybrid populations were obtained from the following crosses
which were made at Brandon during the summers of 1955 and 1956.

Plush x Jet

Vantage x Jet

Colsess I x Jet

Colsass V x Jet
Orange~lemma x Jet
Glossy=seedling 2B. x Jet
Triple-awned=lemme x Jet

The Fo genotypic classifiecations for reaction to U. nuda,

Ue nigra snd U. hordei of the hybrid populations of the crosses

" Plush x Jet and Vantage x Jet were presented_in Section 1 of these
investigations. The same hybrid populations were used to test the
associations of the Jet genes conditioning resistance to the various
smut species with the merker genes possessed by the two suscep-
tible varieties Plush and Vantage. Approximately 175 random Fo
plants of each of the remaining orosses were classified as to

genotype for reaction to U. nuda oaly; the methods employed
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have been deseribed previously. The speoific genes possessed by
these linkage marker=stocks were then tested for association with

the Jet gene pair conditioning reaction %o U. nudae

o
oe—————

A summary of the charecters studied in hybrids between Jet

and the various tester-stocks is presented in Table 20.

Tebls 20. Marker characters studied in hybrids with Jet.

Linkeage Character Gene Hybrid
Group Symbol o
I Single vs. triple-awned-lemma  Irtr Triple-awned-lemma x Jet
I 2 - vs. 6 - rowed Vv Ventege x Jet
Ix Black vs. white lemma and peri= Bb Vantage x Jet
carp ”
III Hulled vs. naked seed Nn Vantage x Jet
v Hoods vse. awns Kk Colsess I x Jet
iv Normal vse. glossy-seedling Gloglo Glossy-seedling x Jet
v Rough vs. smooth awn Rr Plush x Jet
y11al White vs. orange lemma 0o Orange lemme x Jet
VII Normal vse. chlorina-seedling Fofe Colsess V x Jet
VIiI Resistance vse susceptibility Tt Vantage x Jet

to stem rust

The classifications of the Fp plants for the specific marker
characters indicated in Table 20 were based on charaoter expression
within the individual Fz lines. The genotype for the specific marker
characters under investigation in each cross and for reaction %o
U. nuda were determined simultaneously for the individual F, plantse
In the crosses Plush x Jet and Vantage x Jet the same Fp plants

were a4lso classified as to genotype for reaction %o U. nigra and

go hordeie

1) Linkage group VIIA now known to be located on barley chromosome 76,
(see Appendix).
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Four cless dihybrid groupings were made based on the genotypic
analysis of Fp plants for smut reaotion and each of the linkage
markers useds The chi-square treatment outlined by Mather (16)
was applied to each set of Fp data. Chi-square values from Fp
populations of less than 100 plants were corrected for continuity
by the method described by Goulden (8)s Information obtained from
the chi-square tests was used in an attempt to verify the reported
mode of inheritancerf the various marker characters in the varieties
studied, and to determine possible assocciations between the genes
conditioning the marker characters and those conditioning reaction

to the smut speciess
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EXPERIMENTAL RESULTS AND DISCUSSION

Vantage x Jet
The parents of the cross Vantage x Jet differsd in marker character=
istics of lj of the 7 barley linkage groups and also in their reactions

to Us nuda, U. nigra and Us hordei. Vantege has white lemme and peri-

e coryrmmm—coprer oot

tritioci and susoeptible to the three smut species. Jet has a black

lemme and pericarp, is naked, two-rowed, resistant to the smuts and

susceptible to Pegraminis tritici. The four marker-characters have

been reported conditioned by single factor pairs (27,40). The
rasistance of Jet to each of the thres smut species was shown in
Section 1 to be conditioned by single factor pairse

A& summary of chil-square tests for the mode of inheritance of the
genes conditioning the marker charaoters and the interrelationship of
these genes with those conditioning resistance %o the three smut
species is presented in Table 2l

Table 2ls Chi-square tests of the mode of inheritance and relation=
ships of characters in the cross Vantage x Jete

Character Pairs n Component Chi=sqge D.Fe P Value

Reaotion to U. nude, (Unbunb),vse 156  Ungung=3sl  2.1880 1 .20 = 10
reaction to Pegram,tritici, (Tt). Tt = 3z1 BUTO 1 50 = 630
where & = 99» b= 20, ¢ = 22—;- L—inlcage e8233 1 950 - a30
d = 9 9‘."32321 106585 3 570 = 050
Reaction to Us nudgf(Unéuné),vso 148  Unguné=3:1 14261 1 &30 = 20
hull condition (Nm)o Nn - 3zl 4135 1 LT0 = .50
where a = 99, b= 26, ¢ = 23, Linkage 22278 1 oTO = W50
de 10 9252351 2,067 3 of0 = 050
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Table 21 continued

Character Pairs n Component Chi-sgo DeFe P Value
Reaoction to Uenude, (Ungung), 157 Ungung=3sl  1.3269 1 30 220
vselemme color,(Bb)e Bb - 3:1 66135 1 650 = .30
where & = 94, b = 30, o = 28, Linkage 8669 1 .80 = .70
d =5 Gz32%2l 2.8073% 4 e50 030
Reaction to Ue.nuds, (Unguns), 143  Ungung=3:1  1.6993 1 .20

vse 2-orb-rowed, (V¥)o Yy - 3:l 20209 1 .90 = .80
where a = 85, b = 29, o = 23, Linkage » 1522 1 290 -
d = 60 91‘3:’3 =1 1@872h 3 070 050
Reaction to Uenigre,(Ung ung), 68 Ung ung=1z3 09607 1 50 = 030
vsereaction to Pegram.tritici, Tt - 32l Lolf117 1 405 = o02%
(T+)» where a = 48, b= [, ¢ = 11, Linkage 0,1633 1 .70 = 50
d= 2 SFEPLIN 5.5%57 3 20 = +10
Reaction to Uenigra,(Ung ung), 10%3 Ung ung=1:3 2.3592 1 620 = .10
vse hull condition, (Nn). ln - 3:l 2.0226 1 .20 = 10
where a = 66, b= 18, ¢ = 1, Linkage o227 1 .70 = 050
d = 5: 9252321 LhéehB 3 20
Reaction to Ueuigra,{Ung ung), 103 Ung ung=1:3 1e356L 1 30 = +20
vse lemma color,(Bb). Bb = 3:1 23915 1 o0 = 50
where a = 62, b= 21, ¢ = 1, Linkage 61305 1 .80 = 70
& = 69 91’"32531 1@87814 3 970 @50
Reaction to Ue.nigra,(ung ung), 87 Ung ung=32l 06475 1 50 = 30
vse 2= or b-rowed, (Vv)e Vv - 3:1 06,1877 1 70 = 50
where a = 50, b = 19, ¢ = 13, Linkage 0.0012 1 .98 +95
4 = 5& 9:3:3:1 0.83614 3 090 o 80
Reaotion to Ushordei,(Uh)uh)), 69 TUhjuhj,~123 0,816 1 50 = &30
vs. reaction to Pegramstritici,(Tt). 'EE%:"%EI Lebl25 1 405 - o02%
where 8 = 42, b= 6, ¢ = 18, Linkage 0.0y 1 95 = .90
d= 3. 9332521 5733 3 10 = 605
Reaction to U.hordei, (Uhjuh) ), 104 Uhjuhj-123  1.8461 1 420 - .10
vse hull condition, (Nn)e Tn - 3=l 62051 1 o70 = o50
where a = 57, b = 15, o g 23, Linkege 6153 1 «50 030
d = 96 9‘-’3 25 zl 296665 3 050 930
Reaction to U.hordei, (Uhjuhj,), 104 Uhhuh%=3:1 2,5128 1 20 - .10
vs.lemme color, (Bb). Bb - 5s=l 2051 1 o790 50
where a = 52, b= 19, ¢ = 2, Linkage L0170 1 .90

d= % 9s525:1 2:7349 53 50 = o350
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Table 21 continusd

Character Pairs n Component Chi=sqge DeFo P Value
Reaction to Ushordei, (Uhluhl), 86 Uhjuh=123 3.9689 1 605 - .02%
vs. 2= or 6-rowed, (VV). Vv - %:1 0.0620 1 90 = .80
where 8 = I}, b = 12, o = 19, Linkage 2,9767 1 .10 = »05
3 olo - 005

d = 1lle 9z3525:1 T 0076

Examination of the data presented in Table 21 revealed that the
marker characters hull-condition (Mn), lemma color (Bb), and spike-
row number (Vv), were each conditioned by single factor pairs. The
P values for the gg.components, when this factor pair was considered
in combination with the factor pairs conditioning reaction to U. hordei
and U. nigra, were below the .05 limit; in spite of the faot that the
correotion for continuity had been applied to the corresponding chi-
squere values. It was assumed that in these two cases the size of
the Fo populations were too small for an accurate interpretation %o
have been made of the segregation for the Tt factor pair.. When con-
sidered with the factor pair Ung ungs in which 156 Fp plants were
classified, segregation for the factor pair conditioning resaction to

Po graminis tritiel was in good agreement with the monofactorial ratio.

The P values for the goodness of fit tests of the data %o the
953:3=z]1 ratios indicated that the factors conditioning reaction to

Ues nude, Us nigra and U. hordq}iwere independent of those conditioning

the marker characters. These results were confirmed by the results
from the linkage tests, as no deviations from independence were detected

betwesn the marker characters and the smut reaction factorss
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Plush x Jet
In the oross Plush x Jet, chi-square tests for segregation and
linkage were conducted involving the factor pairs conditioning rsaction

to Ue nuda, Ue nigra and U. hordei and the factor pair conditioning

rough vse smooth awns, (Rr), on linkage group V. The character rough

vs. smooth awns has been reported to be controlled by a single gene

pair (27). A summary of these tests is presented in Table 22.

Table 22, Chi-square tests of the mode of inheritance of the faotor
pair Rr, conditioning reaction to rough awn, and ths

interrelationship of this factor pair with the Jet smut
rasistance gensse.

Character Pair n Component Chi=sge DeFe P value
Resction to U.nuda, (Unguns), 17  Rr - 3:l 00205, 1 90 = 80

vs. awn condition, (Rr). Ungung=3sl  1.0975 1 50 = 530
where a = 93, b = 16, o = 26, Linkage 3,0000 1 .10 - 405

d =z 1ll. 923:321 _[;01179 3 030 - 20
Reaction to Ushordei,(Uhjuhy ), 82 Rr - 3sl 0:5853 1 50 = 630

vs. awn condition, (Rr). Uhjuh)~1:3 1666504 1 less than .01
where & = 33, b = 32, ¢ = 12, Linkage 3,6639 1 .20 = o10%

d = 5, : 9z325 1 20.8996 3 less than eOl*v
Reaction to U.nigrae, (Ung ung), 84 Rr - 32l 0.3968 1 .70 = 50

vs. awn condition, (Rr)e Ung ung 123 0.0158 1 95 = 90
where & = 47, b = 19, ¢ = 15, Linkage 0.8941 1 o50 = 630

d = 3. 952321 1.3067 % 80 = .70

According to the data presented in Table 22, awn condition, reaction
%o U. nuda and reaction to U. nigra were each controlled by a single gens
pair. However, a poor fit to a 123 ratio was obtained for the segreg-
ation of Uh, uh!. In view of the poor F£it to a 123 ratio obbalned

"previously, (Table 7), this result was not unexpecteds The failure of
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the gfﬁ BEQ component to fit e lz3 ratio was attributed, in Section 1,
to the low percentage of infection in the Fz lines inooulated with
Us hordei. Since the same hybrid population was used in both tests
the deviation noted here could be explained on the same basis. This ‘_i;if
seme reeson is also suggested to account for the epparent linkage
between the Uh), uhj, and Rr factor pairs, (Table 22).
The P values for the goodness of fit tests to the 9:3:3:1
ratios and for the linkege tests (Table 22), indicated that there
wes no association between the factors conditioning reaction to

Us pude or U. nigra and those controlling awn conditione

Colsess I x Jet

The oross Colsess I x Jet involved the genes conditioning hoods
VSe 8WNS, (ggg, & marker character on linkage group IV, and the Jet
gene pair conditioning reaction to U. nuda, (Ung ung)s Both of the
character pairs have been shown to>be conditioned by single gene
pairs (27,29). The factorial constitutions of Colsess I and Jet

are unb ung, KK and Ung Ung, kk respectively.

The range of infection of 100 Fp plants of the oross Colsess

I x Jet, grown as F5 rows of 20 plants each, was between 17 and 29
percent. Based on these infection percentages the genetic classes

for reaction to U. qggg‘were established as followssz F3 lines with

no infection were clessed as Ung Ungs those with up to 29 percent
infection were classed as Ung ung and those with more than 29
percent infection were classed as ung unge

The chi-square values for the action of the two factor pairs,

Ung ung and Kk are presented in Table 23,
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Teble 23, Chi-square values for inheritance of the faotor pair
conditioning reaction to U. nuda and hood-awn condition,
(Kk), in the cross Colsess I X Jebe

Reaction Classes Conponent Chi-square Do TFo P Value

n = 178 Segefor Unsuné 1.2659 1 e30 = 20

115227227211 Sege for Kk 1.2659 1 030 - .20
Sege for Linkage 1.5605 1 030 = 20
923:3:1 sege 11,0923 4 050 = 20

The chi-sguare values and corresponding P values indicated normal

3sl segregetions for both the Ung ung and Kk gene pairs. The non-
significant chi-squars for the linkage component indicated thet there
was no assocliation between the factor pair conditioning reaction %o

Us nuda and the Xk gene pair located on linkage group IV

s e

Iriple-awned=-lemma x Jet

The cross was made for the purpose of determining possible
linkege relationships between the genes conditioning the marker
character normal vs. triple-awned-lemma, (Tr tr), located on linkege
group I, and the gene pair Ung unge The marker charaoter_!f:jg;
has been shown to be conditioned by a single gene pair (28),

The range of infeotion of 105 F2 plants of the oross Triple-
awned-lemma x Jet grown as Fz rows, was between 11 and 2| percente
Based on these infection percentages the genetic classes for
resotion to U. nude were established as followss F3 lines with
no infection were classed as Efé.gﬂéf those with up to 24 percent
infection were classed as Ung ung and those with more than 2l

percent infection were classed as uns unge
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The chi-square values for the aotion of the two factor pairs

Ung ung and Tr tr are presented in Table 2.

Table 2o Chi-square values for inheritance of the factor pair
conditioning reaction to U. nuda and those conditioning
lemma~-awn condition, (Tr Tr), in the cross Triple-awn=
lemma x Jete -

Reaction Classes Component Chi=-square DeFo P Value

n = 14l Sege for Ungung 1.44775 1 030 = 20

9022322226 Sege for Ir tr 1,9881 1 620 = .10
Sege for Linkage 0.0638 1 +80
9:3:3:21 sege %5291 3 50 = .30

The chi-square values and corresponding P values indicated
normal 3:1 segregations for both the Ung ung and Tr tr factor pairse
The P values for the goodness of fit test to the 92323zl ratio
and for the test of linkage indicated no association between the
factor pair conditioning reaction to U. nude and the factor pair

Tr tre

Orange lemma x Jet

The veriety Orange lemma possesses the factor pair bb, the colorless
allele of BB for black lemma possessed by Jete However, this character
is not evident in the presénce of the factor for orange lemma. Buckley (1)
reported evidence of a loose linkage between orange lemma and rachilla
hair, placing the ocharacter orange lemma in linkage group V. Orange lemma
hes recently been assigned to linkage group IIIA, (Robertson, DeWes

pers. comme); which is now known as barley chromosome #6, (see Appendix)e
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Plants were olassified for orange lemma before the melanin pigment
developed in plants possessing the Jet gene for black lemma and pericarpe

The range of infection of 123 Fp plants of the oross Orange leomma
x Jet grown as F3 rows was between 9.0 and 27.0 percent. Based on
these infection percentages the genetic classes for reaction to Ue. nuda
were esteblished as followssz F3 lines with no infection were classed
as EE&.BEQ5 those with up to 27 perocent infeotion were classed as
Ung ung eand those with more than 27 percent infection were olassed as
ung ung

The chi-square values for the action of the two factor pairs,
Ung ung and Qo are presented in Table 25.
Table 25, Chi-square velues for inheritance of the factor pair

conditioning reaction to Us nuda and thoss conditioning
orange lemma, 00, in the cross Orange lemma x Jete

Reaction Classes Component Chi-square DoFe P Value
n= 173 Sege for Ungung  2.6377 1 620 = 10
11022622928 Sege for Qo 1.2042 1 030 = 020
Sege for Linkage 0.1853 1 o70 = 50
IL00272 3 030 - 020

The chi=squars values and corresponding P values indicated normal
%:1 segregations for both the Ung ung and Qo factor pairs. The date
from Table 25 also indicated complete lack of association between the

two faotor pairse

Glossy~-seedling 2B x Jet

The cross Glossy-seedling 2B x Jet involved the factor pair
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glossy vs. normal seedling, (8 marker on linkage group IV), and the

factor pair Ung ung, conditioning reaotion to Ue nudae The character

glossy-seedling has been shown to be conditioned by =& single gene pair
designatedlzgiggﬁl(27)e

Compared to phenotypically normal plants, Fp plants of the geno-
type glo glo were weak throughout all stagss of their growth. Steril-
ity in Ue nuda inooulated heads of these plants made the task of

obtaining inoculsted F3 seed extremely difficulte. Less than 10 of the

155 Fp plants classified were of the genetioc constitution glo gloe

This number was not considered a true indiocation of the segregation for
this character. Data from this genotypiec class were therefore not
included in the tests of asscoiatione The inheritance and linksge
relationships of the factor pairs under consideration were determined
by compering the numbers of Fo plants in the genotypic classes,
(excluding the three classes containing the recessive_ggnggﬁLgane
pair), with the numbers expected based on independent segregation of
the two faotor pairs.

The range of infection of Fp plants of the cross Glossy-seedling
2B x Jet was between 18.0 and 31.0 percent. Based on these infection
percentages the genetio classes for reaction to U. nuda were established
as followss Fgz lines with no infection were classed as Ung Ung; those
with up %o 31.0 percent infection were classed as Ung ung and those

with more than 31.0 percentage infection were classified as ung unge

The numbers of plants observed in the Fp genotypic classes and
the numbers sxpected based on independent assoritment of the two factor

pairs, are presented in Table 26s
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Table 26 Observed and expected plants in 6 Fp genotypic classes of
the cross Glossy-seedling 2B x Jete

Number of  UngGlp  UngGlz — UngGl2 UngGlo un&Glo ungGly
Fo plants UngGlp Unéglo an6Gle unéglo ungGlo ungglo

Observed 17 31 20 Lo 11 21
1l 2 2 L 1 2
Bxpeoted  11.33 22,66 22,66  L5.32 11,33 22,66

Since the faectors Ung Ung and glzvgigventered tha oross in the
coupling phase, linkage would tend to keep them together. This would

result in an inereased number of Fo plants in the Ung Glo/Ung Gl2 and

Uné Glg/hné glo genotypic classes and a corresponding deorease in

the numbers of plants in the remaining classes. The data in Table 26
reveal only & slight excess in numbers in the two olasses in which the
Ung Ung gene pair was in the homozygous dominant condition and a
reasonably close fit to the expected in the remaining classese Disease
escaps is suggested to account for the increased number of Fy plants in
the smut resistant olasses.

The numbers of Fo plants classified as hémozygous and heterozygous
for the factor pair Gl2 glo were 148 and 92 respectively. These totals
fitted a 122 ratio with a ohi-square value of 0.0056 and a correspond=-
ing P value between .95 and +90. These data indicate a normal
monofactorial segregation for the Glp glp factor paire

The observed dats in Table 26 fitted a 1:2:2:l;21:2 ratio with
a chi-square value of 6.9840. The corresponding value of P for
5 degrees of freedom was within the 30 - .20 range. This was

considered satisfactory evidence that the factor pairs Glp glo
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and Ung ung were indspendently inheritede

Colsess V x Jet

The parents of the oross Colsess V x Jet differed in the genes
conditioning normal vs. chlorina seedling, (a marker character on link=-

age group VII), and in their reaction to U. nudae The character

chlorina-seedling has been shown to be conditioned by a single gene
pair designated F¢ fo (25).

The difficulties encountered in obtaining U. nuda inoculated
Fz seed from genotypically recessive Fp plants in the previous cross,
Glossy-ssedling 2B x Jet, were also encountered in this cross. Only
a single Fo plant of the 199 classified for the factors Ung ung and
Fo fc was of the constitution fe fe. This genotypic class was sub=
sequently eliminated from the F2 data.

The inheritance and linkage relationships of the two factors
under consideration were determined by methods desoribed for the preve
ious oross. The range of infection of Fp plants of the cross Colsess V
x Jot was between 9 and 25 percent. Based on these infeetion percent=
ages the genetioc classes for reaction to U. nuda were established
as followse F§ lines with no infection were classed as Ung Ungs
those with up to 25 percent infection were classsd as EE@.BEQ and
those with more than 25 percent infection were classed as ung unbe

The numbers of observed plants in the Fp genotypic classas
and the numbers expected based on independent segregation of the

two factor pairs are presented in Table 27,



- 68 =

Table 27. Obsserved and expected plants in 6 Fo genotypic classes of
the oross Colsess V x Jete

Numbers of Ungle Unglo UngFo UngFe ungFo ungFo
Fo Plants UngFe Ungfo ung o ung o uniFo ungfe
Observed 21 51 28 19 15 3l

1 2 2 L 1 2
Expected 16.5 33 33 66.0 16.5 33

The numbers of Fp plants classified as heterozygous and homozygous
for the factor pair Fo fo wers 6L and 13}, respsotivelys The chi-square
test for goodness of fit of these data to & 1l:2 ratio gave a value of
0,0958 and a corresponding P value between .80 and .70. This was
considered satisfactory evidence of a monofastorial ratio for the
Fo fo factor pair.

The chi-squarse value for the fit of the observed data presented
in Table 27 to a 1:222:43122 ratio was 11.072&» For 5 degrees of
fresdom this value correspondsd to & P value of o05. Based on this
evidence it was concluded that there was no association betwesn the
factor pair conditioning reaction to Us nuda and the factor pair on

linkege group VII oconditioning reaction to chlorina-ssedlings
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GENERAL DISCUSSION

Throughout the investigations inooculation and seeding methods were
designed %o provide optimum conditions for smut infeotion? Although
no actual determinations were mads conceruing the effeoct of environment
on infection, there were some inconsistencies in the results from
inooculations with the sesdling-infeoting smuts which could bes explained
on the basis of enviroumental influenoces.

Infections with U. hordei and U. nigra appeared to be readily

affected by slight changes in light intensity and temperature,

both at the time of germination and throughout the growth of the

host. Material seeded in the greenhouses in midwinter invariably
showsd heavier infection than that sown in the sarly fall or sarly
spring seasons. JAmount of infection on material grown within certain
areas in the greenhouses varied depending on the immediate snvironments
This effeot was often reversed, depending upon the season in whiech

the tests were being conducteds. This influence was reflected in the
results obtained from tests of the Fq and Fo generations of the oross
Vantage x Jet inooculated to Ues hordei and U. nigra. Plants grown

from inooulated Fj seeds that had been sown in the sarly fall of 1958
were poorly infected; whereas tests of the Fo, sown in mid=December,
were heavily infeoted. While allowances were made for thess inconsiste
encies of infeotion in the interpretation of certain phases of the
results, their effeots were not considered of suffioient influence

%o have affected the over-all interpretations derived from this

phase of the study.
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1t has been suggested (15,35), that reduced U. nuda infections
in the Fp generations of orosses between resistant and susceptible
varieties and in progeny lines from plants heterozygous for Ues nuda
reaction, resulted from interference with fungal penetration by the
resistant maternal tissues surrounding the embryo. However, it is
reasonable to assume thet reduction in the germination of the smut
infected seeds, seleotive mortality of infected plants or seleot-
ivity in the mortality of flowers following inoculations could also
be responsible. Sohallsr (35) noted a definite redaction in plant
numbers in susceptible and segregating Fz rows compared to resistant
rows in @ oross of Newal x Trebi; he also found that the total
mortality of inoculated flowers was fairly great. Konzak (13) has
shown that seed viability following inooculation with U. nuda and
"inherent resction" to U. nuda are ssparate phenomena. No assoc=
iations were deteoted between the factors conditioning the two
phenomena in three crosses, (two of them involving Jet), inooulated
with two loose smut cultures. He also suggested that the variety Jet
probably possesses a'dominant trait" which apparently conditions
survival ability following imoculation with U. nuda. This suggestion
was oconfirmed by the results obtained in the present investigation.

U nuda infections in the Fp and F3 generations of the erosses

involving Jet were high for material of this type. An equally
high degree of infection was observed in the Fp generations of
orosses between Newal and the Ue. nude immune verieties Bifarb,

Kitohin, C.I.5798 and Nigrinudum (Table 13). These results were
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interpreted as an indication that, not only Jet but also the looss
srut immune varisties of Abyssinian origin, and the variety Kitohin,
possessed the "trait" contributing to survival ability. Since a
gene comnon to each of thess varieties was found to condition reaction
to oulture Un L9 - 68 of U. nuda this interpretation suggested that
an association existed between the factors conditioning the two
phenomena in the immuine varieties testeds

In the investigation involving the associations between the factors
in Jet conditioning resistance to the three smut species, the inter-
pretations of ths distributions of the F3 lines of the two orosses
Vantage x Jet and Plush x Jet, inooulated %o Us nuda, indioated a
single gene was responsible for resistance to oculture Eg_h9~68av The
relatively low infection percentages in the Fp generations and the
large number of Fz lines with low infection percentages suggested
that the gene was dominant in effect. These results were in agree=
ment with those presented by Schaller (35), Skoropad and Johnson (39),
Stefansson (41) and Konzek (13) in studies of the inheritance of
resistance of the Jet type of smut reaction to virulent Trebi-

attacking cultures of U. nudsa. The recessivs monogehic hypothesis

proposed for the inheritance of the Jet gene conditioning reacstion
presented by Wells (L47) in studies of the inheritance of reaction
of the Jet gene for resistance to "race" 6 of U. hordei. The dis=

covery that the Jet resistance to oulture Ung L9=6=2 of U. nigra

was conditioned by a recessive gene represents, to the writer's
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knowledge, the first successful attempt at determining the mods of
inheritance of resistance to Ue. nigrae Since no symbols have as

yet been assigned to the genes conferring reaction to Us nigra the
symbol Ung ung is suggested for this factor paire The Jet gene for

U, nigre resistance to culture Ung L9-6-2 would therefore be desi-

gnated unge

The fact that resistance to each of the three smut species is
simply inherited demonstrates the desirability of the variety Jet
as a source of smut resistance since simply inherited resistances
are generally more readily utilized. then those of a more complex
natures

Besause of the low level of infection of the F3 lines inoculated
to U. hordei, some doubt might possibly exist as to the validity of
the interrelationships established for the factor pair ocombinations
.EEQ_EEQ_VSG HEé.EEé’ HEQ EEQ TS ggg Efg and EE% EE% AT EE@ EEéo
However, the evidence presented in Tables 9 and 10 appear to be
strongly in favor of the hypotheses established; that a strong
linkage exists between the recessive faoctor pairs in Jet con-
ditioning reaction to the sesdling-infeoting smuts, and that the
two recessive faoctor pairs ars independent of the dominant factor
in Jet conditioning reaction to Ue. nuda. The following evidence,
although not obtained from the present investigations, is being
presented in support of the above linkege hypotheses. Certain
specific advancsd generation lines from Jet hybrids developed at

Brandon have shown resistence to ipdividual smut species while others
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heve shown resistence to combinations of the three smut speoies that

attack barley. In limited tests to several cultures of both U. nigre

and U hordei the hybrid Bre5L79-754 has shown the Jet type of resist-

ance to Us hordei but susoceptibility to U. nigra. A sister selection
Bro5L79-680 has proven to be susceptible to both of the seedling-
infecting smuts. Both selections are resistant to the Trebi-attack-
ance genes has obviously resulted in complete separation of the

U. hordei and U. nigra resistence factors in the case of hybrid

Bro5479~75l; the gene conditioning resistence to U. hordel having

been combined with the Us nuda resistence gene. From the practiocal

point of view a less fortunate segregation haes occurred in the case
of hybrid Br.5L79-680 with only & single resistance gene having been
retainsd from the variety Jete

The fact that Jet, Nigrimudum, Kitchin, Bifarb and Celeb798
have & gene pair in common conditioning U. nude resistance whereas
the resistances of Valkie=trd. and Brachytie=119 wers shown to differ
from thebJét type will no doubt prove of value to plaut bresders inter=-
'asted in using one or more of these variesties as breeding stocks. In
cases where the Jet-type gene is required, brseders now have a choice
cof breeding materiale The comperstive value of the five varieties as
breeding stocks will no doubt be influenced by variety preference for
such features as disease reaction and other agronomic qualities.

It was demonstrated thet Valkie-trd. and Brachytic~1l9 have

potential value as sources of smut resistance genes supplementary
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to the Jet gene. These two varieties will be particularly useful es

sources of resistanos genes in arseas where the prevalant Ue. nuda

—r—s

oultures are similar in virulence to Un L9-68.

The fact that the four varieties Jet, Nigrinudum, C.I.5798 and
Biferbt, all of Abyssinian origin, possess loose smut resistance factors
in common is of interest also from an historicel standpoint. I% is
probable that the deficiens-type variety used by Dre. He V. Harlan at
Minnesota in 191l to produce Kitchin, (see "Varieties", Seotion 2),
was also of Abyssinian origin since several Abyssinian barley stooks
had been brought to the United States by Harlen prior to that dates

The similaerity of the genetics of U. nude resistance in the

varieties Jet and Nigrinudum, two morphologically identical barley
types, suggests that ths two ars one varietys Dre. D. W. Roberison
has pointed out to the writer, (pers. comm.), that Jet originated
from two barley seeds which were selected by Harlan from a mixed
lot of barley obtained from Abyssinia. These two seeds probably

originated from the Abyssinian stock of the variety Hordeum distichon

nigrinudum, from which Nigrinudum was eventually selected (26).
The monohybrid ratios that were established for the segregation

of the marker characters of the barley linkege group tester=stooks

wers in agreement with previously published results (27,28,29,40).

The relationships between the Jet genes conditioning resistance to

Us nruda and U. hordei and those conditioning the various marker

characters were also in fairly close agreement with previous findings.

Of particular interest from the marker-gene linkage study was
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the phase concerned with the linkage relationships between the Jet

factor pair conditioning reaction to Ue. nuda and the factor pair

conditioning reactionh to Pegraminis tritici. Shands (37) reported

& linkege between the genes conditioning the Trebi typs of loose
smut resistence and stem rust susceptibility in a oross involving
Chevrone The factor pairs were located on linkage group VII (28).
The present investigation indicated lack of association between
the factor pairs Ung ung and Tt, (Table 21). These results suggest
that the Trebi and Jet factor pairs conditioning rsection to Uo nuda
are independent and that the Jet gene pair is either independent of
linkage group VII or is located at too great a distance from the
marker gene for the association to have been readily detectede Lack
of essociation between the Ung un6 factor pair and the Fo fo marker
gene pair on linkage group VII, (Table 27), also iédicated independ-
ence of the Ung ung factor pair from linkage group VIIe

Mohejir et.el (17) obtained what they referrsd to as " a sugg-
estion" of an association between looss smut reection and spike row
number in orosses in which Jet was involvede. The results from the
present investigation failed to confirm this suggestions In the
cross Vantage x Jet the factor pairs Vv and Ung ung were found to
be completely independent. In the same cross the factor pairs Kk
and Ung ung were also found to be independents Thus the suggestion
by Poehlman (22) of an association betwsen hooded character and

Uo nuda resistance was alsc not confirmed by the results presented

herse
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The lack of associstion between the factor pair conditioning
reaction to U. nuda and the faotor paire conditioning lemma color,
(Bb), ewn condition, (Rr) and hull oondition, (Nn) were in agreement
with previous results (28,29)e The relationships betwesen the factor
pair conditioning reaction to Us nuda and the factor peirs condition-
ing glossy seedling, (Glp %lE)? orange lemma (00), and triple-awned
lemma, (Ir tr), had not been investigated previously.

Wells (b?) was unable to detect associations between the Jet
factor pair Unj, un, conditioning reaction to "Race 4" of Us hordei
and the factor pairs conditicning spike row-number, Vv, and lemma
color, Bbe His results were confirmed by the findings of %his gtudys
The present investigation alsc indicated complete independence of
the Uh), uh), factor peir and the faotor pairs conditioning reaotion

to Puccinia graminis tritiei, Qgﬁ) and hull condition, (ﬁg)o These

relationships had not been studied previouslye

The lack of assooiation between the Jet facter pair condition-
ing reaction to U. nigra and the factor pairs conditioning the marker
characters Tt, Vv, Bb, and Nn were not unexpected in view of the close
assooiation detected between the factor pairs conditioning reaction

to Us hordei and U. nigra. These reletionships were also being

investigsted for the first tims.
With regerd to the conduct of future investigetions of the typs

presented hers the following suggestions are offereds

Considerable care should be exercised in +the selection of varieties

for future investigations. It is enticipated,in view of the results

obtained from these studies, that additionsel resistance factors could
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probably be expected from varieties of diverse origine While it would
probebly be of interest from an historical point of view to study the
resistance genes of related varieties, the value of such investigations
in breeding for resistance would bé rather limited.

It would probably be of advantage to study fewer orosses in future
investigations. Those studied could be explored more thoroughly
however. Experience from the present investigation has indicated that
hybrid populations could probably have been tested to more then a
single culture of each smut species sincs only & relatively small
proportion of the spikes and seed produced, by the plants tested,
were utilized. This approach would increase the scope of the invest-
igations with little additional efforts

It is apperent from the present investigations that where com-
binations of disease reaction factors are involved, such a&s ocourred
in the present investigation when the factors conditioning reasotion
to the smuts wers oomﬁined with those conditioning reaction to stem
rust, a relatively large number of F5 lines is required in order to
interpret accurately the combined factor segregation. A minimum

of one hundred and fifty Fz lines is suggested.
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STUMMARY

The mode of inheritence of the resistance of ths variety Jet to

cultures EE_h9~68 of Uo nuda, Ung L9=6=2 of U. nigra and HE.A7-6M“M

of Us hordel, and the interrelationships of the genes conditioning
resistance to the three smut spsoies, wers studied in hybrids betwesn
Jet and the varieties Vantage and Plushe In the inheritance invest-
igations the hybrid material was tested for reaction to the seedling-
infeoting smuts in the Fj, Fo and F3 generations. Genetic inter=

pretations were based mainly on the genotype of the Fo plants when

grown as F3 liness. The genotypes for reaction to Uo nuda, Ue nigra
and Us hordei were established on randonm Fo plants from the two croésaSa
Interrelationships of the genes conditioning resistance to the three
smut species were based on distributions of the Fo plants in reaction
classes established by combining, in pairs, the data from reactiouns
to the individual smut speciese

The distributions of the F3 lines of both orosses indicated
that the Jet reaction to the individual smut species was counditioned
in each case by single faotor pairs. Resistance to Us nuda was found

to be dominant in effect while resistance %o U. nigra and U. hordei

was found to be recessive. The Jet gene conditioning resistance to

Test of associmtion indicated that the gene pairs conditioning

reaction to Ue nigra and U. hordei were linked. Recombination values

/
of 18 f.h0236 and 16 & 3,98 percent were obtained from the orosses
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Vantage x Jet and Plush x Jet respectively. Linkage intensity was
calculated on the basis of Fo genotypic data. No associations were
detected between the gene pair conditioning reaction %o U. mida and

thoss conditioning reaction to Ue. hordei and U. nigrae

Hybrids involving fthe loose-smut=susceptible variety Newal
and the resistant varieties Jet, Kitohin, Bifarb, Nigrinudum and
CsI1o5798 were investigated to determine the mode of inheritance
of the genes oconditioning the immune type of loose smut reaction of
the resistant varieties. The genes conditioning the resistances of
the five varieties were brought together in various combinations for
the purpoée of investigating their interrelationships. In addition,

the interrelationships between the Us. nuda resistance factor in Jeb

and those of the varieties Brachytic=119 and Valkie-trd. were invest-
igated.

The distribution of the F3 progenies of the hybrids Jet x Newal,
Kitohin x Newal and Bifarb x Newal demonstrated the existence of a
single gene for resistance to culture_gg_h9~68 of U. nuda in each of
+the verieties Kitohin, Bifard and Jet. Evidence provided from the
Fo populations of these thres orosses indicated that the genes were
saoch dominant in effects The similarity of the reactions of the ¥,
populations of the crosses CsI.5798 x Newal and Nigrinudum x Newal
with those involving Newal and the varisties Jet, Bifarb and Kitohin
suggested that CeI.5798 and Nigrinudum also possessed single dominant
genes conditioning reaction to culture_ggrh9=68 of Us nuda. Evidence

provided from the resistant x resistant orosses favored the hypothesis
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that the single dominant genes oconditioning U. nuda reection were at
the same locus in each of the varieties Jet, Nigrinudum, Bifarb,
Kitchin and CoI.5798.

The distribution of the F3 progenies of the hybrids Jet x Brachytio=
119 and Jet x Valkie-trde suggested that the Jeot resistence gene differed
from the gene or genes conditioning resistance to culture Un L9-68 of
U. nuda in Brachytie=-119 end in Valkie-trde

Evidenoe from investigations on the linkage relationships of the
Jet genes conditioning resistance to the smuts of barley with those
responsible for the inheritance of specifio marker characteristios
of barley demonstrated the followingsz oomplete independence of the
genes conditioning resistance to oultures Un L9-68 of U. nuda,

Uh L7-6L=L of U. hordei and Ung 1j9«6=2 of U. nigra with the

genes for thé following faotorss spike-row number, (23), lemma and
periocarp color (Bb), hull condition, (Nn), and inheritance of stem

rust reaction, (Tt). In addition, Us nuda was found to be independent
of the genes responsible for inheritance of triple-awned-lemma, (gg Ez),
hooded condition, (Kk), glossy seedling, (Glp glp), rough awn, (Rr),

orange lemma, (0o), and chlorina seedling, (Fo fo)e
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APPENDIX

A summary of the suggested designations for the barley chromosomes,
presanted at the Fourth Amerioan Barley Research Workers Conference
at Pargo, North Dakota, U.S.A. in February 1960, is given in Table
Le

Table lo Suggested designatibns for the barley chromosomses,
(February. 1960)

New Chromosome Previous Chrome Linkage~ Tdentifying
designation designation group marker=gens
1o (longest- b I1I # VIL,(II1a) Nn
" ohromosome) T
2, £ I Vv
50 a VI :U__Z_ _\_1_2_
Le o IV Kk
5e 8 Il Bb
6. (longest- & VII a Jo
satelite) -
Te (satelite) a v Er






