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ABSTRACT

'Nutritionalvmutants of UStilago hordei=were used to

. demonstrate that parasexual recombination occurs within

:'the_host plant (Hordeum vulgare) prior to the production
of teliospores. The nutritional mutants were also used to
show that resistance of the newly-germinated seedling

" of H. vulgare to U. hordel and of subsequently formed

tillers to infection was not correlated, and was.probably“

not controlled by the same gene or genes.

f

The application of gibberellic acid to H vulgare was

found to cause an increase in the overall tiller height of
i healthy plants by increasing the elongation'of internodal .
regions 0-1, 1-2, 2-3, and 3-4;;There_was no.increasedy o
'3'elongation of internodalvregions h-s and 5-6. :The healthv -
- tillers of diseased plants showed no. internodal elongation
..when gibberellic acid was applied Diseased tillers.
which are usually shorter than healthy tillers, were also
A.ix._unaffected by the presence of gibberellic acid. ' |
|  The injection of both mating types of U. hordei into |
the young developing spike of a normally resistant strain .

-”-eof He vulgare resulted in the production of diseased

o spikes. This would indicate that blockage to normal infection
'occurs at the time of seedling penetration, at the level of
5V¥i-tiller primordia development or at the time of spike

'i-}:primordia'development.",p7'ﬁ
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; INTRODUCTION

Covered smut is s disease of cultivated barley

(Hcrdeum vulgare L.) caused by Ustilago hordei (Pers) Lagerh.

With covered smut of barley,'as with most other plant
| diseases,‘phe 1nfection process and eubsequent evente
‘which take'place'durlng the deveiopment and exXpression _
of the diseése are poorly understood (Fisher and'Holton 1957),
| The culmination of the cdvered smut disease of barley
is the preduction of dipleid'telioepores. In the normel |
-course of eventS'these are disseminated to healthy seeds
- and the disease process ie-reinitieteda_Immediately
following germination eacheteliospore produces an ordered
tetrad from which four hapleid sporidial cultures can be
develeped;'The'haploid cultures can be grown in vitro énd
‘-conpatible paifs brought'togefher to produce a dikaryon,
'which 1nit1ates the 1nfect1ve phase (Figure 1) The
" dikaryon cannot normally be grown, as such, in vitro.
' Infective hyphae or "suchfaden" are formed by the dikaryon
to facilitate its entry into the °eedling during germination
of the seed. _ _" v

A number of UV-induced biochemical mutante were
- produced from U.hordel by Hood (1966)‘and afelbeing
maintained in ﬁhe Botany Department aﬁ the University of 
British Columbia. The use of biochemical mutants affords

- an opportunity'for investigating the'nutritional needs of



U;hordei duriﬁg its inféctive (dlkafyotic) stégeclThe use
'ofj“marker“ géness (one or mofé-mutant genes carried by
 3é1ther or both‘nuclei ofvthe infecfive dikarydn), also
‘affofdé'an opportunity‘for determining whether parasexual-
- recombination ocdursvwithin‘thenhost plant prior to the
A:production.of teiioéporesé By u§ing marker genes it should
be.pbssiﬁlé to determine'whether multiple infections can
‘occurvin_this specific disease system. Parts of the
presenﬁ’study wefe directed,tq the problems of nutritional
féqulrement and multiple infection. » |
 Farrar k1958)‘has repofted that the use of‘gibbérellid

acid (500 ppm) on Sorghum vulgare tnoculated with Sphacelotheca

sorghi resuited in a decrease in the percentage of

'émutted p_lants° The effects Qf gibberellic acid on the

"U,hordei / H.vulgare system were ihvestigated in another

‘part of this study.
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MATERIALS AND METHODS

A. Generai Technigues

i. Barléy Varieties

" Four varieties of barley wére used in this study.
,Théée, listed_iniorder of increasing resistance to the
pafenfal strain of_giggzgg;'used in this study, are as
followsé'Vantége; Himalayao.Conquest, and Excelsior (Shand,

personal communication).

| 2. Ustilago hordei Cultures

The two wild-type (prototrophic) stfains are'deSIgnéﬁed
EBaIand IuA (Hood 1966); As the mutant strains were all
',”derived.from one or thé other of fﬁese two parental strains,

‘Eja and IUA are‘maintained as “standard" strains for
jtesting fot'auxotrophy_and for mating tyﬁe°~‘Mat1ng océurs
'betwcén "A" and "a"'stfaihé to produce the dikaryon which,
1f 1t‘1s ihfective, can initiate the disease.

L - The auxdtrophs used in the expériments all had a
éingle nﬁtrition&l requirément.not present in the parental
strains. Theyvall grew on complete medium and on minimal
medium with the éddition of the required supplement; The‘
muténts normally . showed no growth on minimal medium or on
minimalvmedium that had been supplemented'by a ﬁutritional

. factor'othér.than the one required.. Only those_nutritional



mutants for which both mating types were available were

.. chosen for this study.

3. lMedia

-~ The media'used were of-two=types: complete and minimal,

1 Complete medium

20 ml salt solution
1000 ml distilled H/O
50 ml ftryptophane
5 gm casein hydrolysate (vitamin and salt free)
5 gm yeast extract
10 gm dextrose
20 gm agar _
10 ml vitamin solution - added after autoclaving
' media to prevent vitamin breakdown

‘mixture steam autoclaved at 121°C for 15 minutes

11 Minimal med ium

20@zml salt solution
- 1000 ml distilled Hy0

20 gm. agar

10 gm .dextrose

" mixture steam autoclaved at 121°C for 15 minutes
nutritional supplements were added after autoclaving

111 Salt solution

123 gm Nag citrate ° 2H,0

250 gm KH>POp= monobasic

100 gm NHj NO3 anhydride

10 gm MgS0,“7H,
5 gnm CaC12°2H20 r
5 ml trace element solution

750 ml distilled Hy0
2 ml chloroform



i;x Trace element solution

5

5

1
0.25
0.05
0.05
0.05
1

95

gm
gm
gm

gm
gm
gm
ml
ml-

citric acid 1H2O
ZnS0L.* 7H20

Fe(NHY) 22 (S04 ) °6H20
CuSOy - 5H20
MnSOy°1H20

H BO anhydride
NaNogu *2H20
chloroform

distilled: HpO

v. Vitamin scliution

100
50
50

200
50

200

200

400
50

1000

ng
mg
mg
mg
mg:
mz
mg
mg
me
ml

thiamin

riboflavin
pyridoxine

Ca pantothensate
p-amino-benzoic acid
nicotinic acid
choline chloride
inositol

folic acid

distilled H20

vi Nutritional supplements

- Stock solutions;

amino acids 500:mg added to 75 ml H»O0 and 25 ml ethanol

bases

vitamins 5 mg added to 100 ml Hp0

The above solutions
‘millipore f1lter (0.22u)
’;4°C' For uée as nutritional additives, 2 mi of stock

solution was added per 100 ml of hot, freshly autoclaved

50 mg added to 75 ml Hy0 and:ZS.ml ethanol

' minimal medium.-

were passéd through a sterile

and.storedzin a sterile flask at



uo‘ Maintenace of Cultures

_ Cultvres were stored on silica gel following the
method of Perkins (1962) as modified by Shand (peroonal
, communication) Fresh cultures of the strain desired
»were obtained by‘placing sévéral crystals.ofbsilica gel
on'a'slanthf completc medium aﬁd incubating at ZZOC°
After approximately 14 days the culture had grown sufficiently
to permit transferlto'supplemented minimal medium (here-
after.called min(—t—))° Afcer one week.of growth these
could be stored on slants, as stock—cultﬁres9 at 4°C for
-up to siy weeks° |
To obtain the culture for inoculation, a portion
of the stock culture was transferred Lo_50.ml of min(+)
medlum inba 250 ml'Erlenmeyer‘flask and allowed to grow
. at 22°C*on a shaking platform. When the cell count reached
_approxiﬁately 10° cells per ml,'the cells were diluted,
._}apldly shaken, and the liquid spread.onvmin(+) agar
‘platea to obtain isolaféd'colonies arisihg from a éingle
cell, A colony was then selected, tested for its deficienoy,
lplaced on a slant allowed to grow for one week and
transferred to liquid medium from which~the inoculum

was obtained.



5. Nutritional Testing

To determine whether or net.the mutant had remained -
constant; or to determine the reduimements_of an unknown‘
mutant, nutritional testihg”was carried outo

The mutant to be tested was grown on complete
medium for 5 days and then transferred by the replica
'plating method to minimal medium and to the various test
plates, A single~mutant culture should show no growth \
on minimal, and growth on'bnly one of.the;min(+)vPLATES;:
"Multiple.mutants must be tested on a series of bletes %n"
which the suspecfed combinations of the'nutritibnal

requirements are represented,

6,: Seed Preparation

‘Seed to be inoculated was first given.an,enaerobic/ v
formaldehyde treatment to eliminate eomtamination by
uuwauted microorganisms. An Erlenmyer flask was half
filled with barley seed and the flask fi}led with water.
After'six hours the water wasbdrained off., A'rubber.
balloon was placed over the neck of the flask amdbthe
flask incubated at 22°C for 48 hours. The conditions

- in the flask are such that aerobic organisms such as loose:

smut‘(Ustilago nuda) are able'to-germinate. The conditions
,however soon became anaerobic with the subsequent death
of aerobic organisms° Followlng this treatment the seeds

were dried, immersed'in a 1/400 formaldehyde/water
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solution for one'h_our° washedbin'running tap water'fcr
% an hour, dried on paper towels, and stored 1in glass

Jars for later use.

7. Mating Type Test

To test the mating type a liquid culture of each of
the two parental types was prepared, (107-10 cells/ml)
Each liquid culture was then spread evenly over tne surface
of a separate minimal or a minimal (+)‘plate, and the’cells
'were allowed to grow for'Z'days atd22°c;‘creating‘a lawn
of growth over the surface of the plateo Several separate
vdrops of the culture to be tested (liquid-conc 107-108
cells/ml) were. placed on the plates and incubated at 20°% _‘
'for ?2 hours; The presenoe of infection hyphae (aerial
hyphae) indicated a compatible reaction (1°e. that the two

cultures were of opposite mating type)

8. Planting
Field

The seeds in the fieldu were planted 1n 10 foot rows,
120 seeds per row, then thinned to 100 plants per row.
Seeding was done either by hand or with a V-belt planter._

Greenhouse

Pots Wwith a diameter of 6% inches were planted with
twelve seeds, then thinned to six plants per pot. The
»pots were placed under lights and the day length ad justed

to correspond to that of the normal growing season.



11

9, Bleach Treatment of Spores‘Befofe Germination

Bleach treatment is a method for surface sterilization
70f spores. to prevent bacterial contaminetion of the media.
The spores to be treated were suspended for 1 hour in
2 mlvof sterile water., After this.period, 0.5 ml of a
.5 percent solution of chlorine bleach was added, the spores
vwere Shakeﬂ fof'}O seconds, and then the solution was'
poured‘onto a filter paper in a.Bﬁchner funnel whefe they
‘were washed for 2»3 minﬁtes_with sterile distilled water.
The filter paper with.the sSpores was then added to a
,flask'of Qomplete medium and allowed ﬁo shake for‘l heuf,
sfter.which time the filter paper was removed end the
flask'allowed to continue shakihg° | | |

|
/

.10, Isolation end identification of teliospores

TeliOSpores were removed from each panicle after the
~head had been allowed to dry for several days placed into'
complete liquid mediumo andvgrown for 48 hours in a
Neﬁ Bfunswick Psycrotherm R—27'shaker incubator at 23°C.
The medium contained tetracyc1ine at a concentration of
-;Ol,mg per ml to inhibit bacteriel growth. At the end of
}'h8 hours the fesulting culture (i.e. a mixture of telio-
'spdres and haploid sporidia;derived ffem them), ﬁas
dilﬁted‘to 500,sporidia per ml‘and spread et_a coneené
tration of 50 sporidia per plate»oﬁ eomplete.MGdium. |

After‘72 hdurs the colonies arising from individual



sporidiebwere transferred to cdmplete“media and were
~‘allowed to grow for 48 hours., They were then replicated
-onto the various media for testing (colonie° which produced
suchf&den were presumed to have arisen either from a

teliospore or from a compatible pair of sporidiaj.
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"B, Specific Technigues

1, Multiple Infection

To demonstrate the effect of inoculating barley seed
With several separate mutants, ten mutant cultures
showing the highest pathogenicity on Vantagelin the
1967 University of British Columblia field tests (Shand
personal communication) were crossed, 1n_compat1ble
combinations, with both wild and mutaﬁt partners..vThe
resulting dikaryons were heterozygous.(with wild-partner)
or homozygous (wlth mutant paftner) for the mutant
deficiency,‘ In a second series of inoculatioﬁs. all the
mutant cultures of a single mating type were mixed together
andvthis mixture was used'in compatible combination with
the wild-type culture to produce an inoeulum capable'of
produoing a nﬁmber of different dikaryons. The teliospores
produced from these crosses were collected and an attempt
was made to 1dentify the nutritional deficienoies of the
resulting sporidia° ' |

The relationship between the percentage of plants
smutted and the percentage of tillers snmutted was also

investigated. .

- 2. Effects of Gibberellic Acid on Ustilago hordei

- Host-parasite Systenm

' To test the effect of the fungus upon'the overall
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length of the tillers of the barley.plant, one hundred
'eeede of Ventage barle& were infected with IQA and Eaae
vThe eeeds were planted'in rows, 15 seeds per row, and
-thinned to 10 plants per row (approximately one foot
between each plant)., » _ |

After‘the plants hed matured they were pulled up and
‘the length of the tillere measured from the crown to the
base of the spikee‘. . |

The effect of gibberellic acid (500 ppm) was determined
by using fOur experimental eategories\of plants., Each
./categery contained 100 plents°. o
1. COntrelz_uniﬁoculated seeds; no gibbefeliic acid
 2. gibbereliic acid control: uninoculated seeds; plants
| éprayed'with giﬁbereliic acid throughoﬁt growth.,
f 3. IqA and Eza: seeds inoculated #ith the fungus: plants

- not treated with gibberellic acid., | |
ebo 1noculated glbberellic plants from seed inoculated
VWifh'thevfungus; spfayed with gibberellic acid through-

7:_out'greﬁth. | |

The pereentage oflsmutted tillers;and smutted plente
. was -determined. Using t and Eltests tﬁe effeet of 7
,gibberellic’acid oﬁ tiller length-end_lntefnodal elongation

was measured.

3. Injection of Resistant Strains

Seeds of Vantage, Himalaya, Excelsior, and Conquest
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barley were divided each into three groups and planted
in the greenhoﬁse. The first group of seeds Was planted

after inoculation with IuA and E,a, and acted as a'control

3
group ﬁo show whether or_not 1nfection occurred through
the seed of each variety. The second group of seeds was
piantéd and after germination the<plaﬁts weré 1njectéd-
‘every secoﬁd day With a mixturé of iMA and‘EBQ} fhis
group served to shéw whether inoculation by injection
could result in development'of the diéeasg. The’third
group contained uninoculated seeds‘that were alioﬁed tq

grow and the resulting plants were not injected with the

fungus; this group served as the uninoculated_control»group.



16

RESULTS AND DISCUSSION

_HAol Multiple Infection

B -'Iﬁ order to determine whether an iﬁfected tiller can
carrj more’than one genotype'of the pathogen, plaﬂts were
inoculated w1th a mixture of haploid (gametic) cultures
and either of the wild mating typeq° All haplcid cultures
were of a single mating type but each carried a different
genetic marker. ‘As the inoculum was capable of forming

a number of:heterezygous dikaryons, each with a different
:merker, the recovery from a gsingle infected tiller of two
cr more genetic narkers wculd indicate that two or more
dikaryotic infections had taken place; The relationship
'between infectivity taken'on_the basis of total plants

“and infectivity taken on the basis of total tillers was

o also'determined' Virulence of a smut culture is usually

'estimated on the basis of percentage of smutted tillere
per row or plot,' Thus, an estimate of fifty percent
smutted tillers could. mean either that fifty percent of
_the’plents were‘healthy end fifty percent completely
.diseased, or that all plents were diseased with an average
| of fifty percent smﬁtted tillers per diseaSed plant.

vThe procedures in this series of experiments were designed
with this problem 1n viewae _ _ |

A high percentage of the‘tctai number,of.inoculated

_-seeds'usually gave rise to plants that had no smutted
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tille_fs° The first thfee'crossvtypes of Table i»show
jthe»kind of result that is usually obfained: approximately
'half the plants showed n& evidence of the disease; abeut
1/5 efvthe plants showed‘diseese in all tillers; and the
remaining plants‘showed both'healthy and diseased tillers,
| Plants that have been 1nfected with a heterozygous
"dikarvon (e 2o 14A X pantothenic acid V359a) showed a
varied percentage ef tillers 1nfected, depending on the
cross (Table I). The percentage of plants with no infected °
tillers (Table II) may be as high as 70 percent, as with
:pantothenic V350a X I4A, Adenine Vi75a X I4A, argenine
| X52a X IyA, niacin X95a X IjA, and niacin X954 X‘Eqa, or
as low as 20 percent with histidine Vi66a X IjA, and
leucine U50a X Iyh. The variations may have been due to
e differeﬁces in 1nfeeti#1ty or to differences'in later
‘stages'of the parasitic phase, but further studies would
Ee'neceSSary ﬁo establish which was thevcaseo |
' Crosses made to Eja iﬁ,all cases buﬁ one (histidine
V466) gave‘a much higher percentage of totally infected
plants than did crosses to IuA The crosses made to
14A varled from zero to 20 percent of the plants totally"
‘1nfected (except histidine V466) whereas the same crosses
'made to the E3a varied from 25 percent. to 50 percent of
eﬁhe'plants being totally infected (except pyridoxine V26,
v'serine V5, and niacin X95). This may indicate that the

nucleus of»the A mating type,car?ies a greater genetic



Cross Type Percentage Of Plants With The Following

oM ® N

-
Y

oy X A¥l
Ip X a*2
A* X a%
E, X Pan
Eq X Pdx
Ea X Ad
a X'?ro
E; X Ser
2 X ATE
avX»His
o X Leu
XvNia
"E, X Met
FIA X'Pan
I, X Pdx
I, X Ad
I, X Pro
Iy X Arg
iA>X>Ser
I X His
1oAx =

2 a*

Table T

V3594
V264

- V175A

V2344
vsA
X52A

Vh664
USOA 
X954

»V241A

V359
V26a
V175A

V324a
X52a
V5a
Vié6a

Percentége Of Infected Tillers

.
b3
oy

57

25

20

1-19

6

.

6

20

30

16

15

11
15

10

13
- 28

18-

20-39 L40-59 60-79 80-99 100

13

12

13-

10 -

17

10

10
11
14

6.

11
7
12

11

15
10

15
10

10

mixture of all A typevmutants

mixture of all a type mutants

9
8

3

28
11
14

20

2

2

16
10

10

16

18

212

50

k3

33
.
L2
20
28
8
28
10
18
10

30
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Table IT

Percentage Of Plants With O'Percent And

-1QO Percent Of Tillers Infected

!

Mutant - _ Wild type Percentage Percentage
- . S of plants of plants
\ o . with no - with 100%
' ‘ T ~diseased of tillers
tillers diseased

. pantothenic acid V359 A Eja 31 . 50
o ‘ - . .a IMA 70 10
 pyr1doxine V26 A E3a 60 'Ob
: ' a IuA "~ 50 . 20
" adenine V17?75 A E3a - 65 Lo
a A 70 15

proline S V32h A E.a 60 35

| | a I2A 60 70
argenine X52 A Eqa 30 bo

, a I A 720 0

serine Vs oA E.a 60 10

_ f a IRA 60 0
histidine Vhé66 A E3a 40 20
: : a ILA » 20 30
leucine Us50 . A E.a Lo ’ 30

| 7 a I2A 20 20
ntacin X95 - A Eja 70 . 10
methionine - va241 A E3a' _ Lo 30

Cohe 020



- Table III

Ratio of Smutted Plants to Smutted'Tillers-

Cross o . Percentage Percentage Percentage Ratio.of Percent
’ " Plants Plants Smutted Smutted Plants
with Smut with all  Tillers of to the Percent
Tillers Smutted Smutted Tillers .
Smutted - Plants _
E; X pantothenicV359A 75 50 o 60 1.25
Esz X pyridoxineV26A L3 : 0 8 o 5.38
Ea X adenineV1i75A L3 b3 : L6 - 0.94
Eg X prolinevi32i4a - Ly 33 ' 16 . 2.92
Ea X arginineX52A 71 . i3 52 1.36
Ea X serineVs5A . Lo ) 18 o . 2.21
Ea X histidineV466Av 60 - 20 19 L 3.10
Eq X leucineU50A - 57 28 _ - 27 _ ., 2.09.
Eq X niacinX954 ' 33 8 . 12 2.68
X methionineV241A - 57 28 37 1.53
Ipo X pantothenicV359a 30 : 10 . 28 , - 1,07
IA X pyridoxineV26a - 50 12 17 2.98
I X adenineV1i75a 30 10 21 o 1.45.
I, X prolineV324a b3 : 0 : 9 4,92
I X arginineX52a , 33 : 0 : 6 5.72
IA X serineV5sa L3 0 . 7 . ' 5.88
IA X histidineVibéa 80 30 39 2.07
IA X leucineU50a’ 86 14 50 A o 1.72
IA X niacinX95a v 29 0 . 14 ' 2,08
I, X methionineV2ila 50 il ' 22 _ 2.32

02
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:e potential for pathogenicity; The variability‘in the
percentage of diseased plants, using different.heterozygous
dikaryons, is also shown by the data of Table III,.

Tﬁe percentage ef total tillers smutted was nearly
‘always less than the percehtage of total plahts smﬁttedr
(Table III). Using the data of Table III, the correlation
'between infecti#ity on the basis‘of plahts (1oe° percentage
of total'plants with ohe or more'infected tillers) and on
» ,the basis of tillers (i e. percentage of infected tillers
| in plants with at least one tiller known Lo have been
infected) Was calculated., The results are given in
Table IV. The resultant correlation coefficient (0:35)
is low and it can be concluded that the percentage of
- diseased tillers and percentage of diseased plants are not
interdependent. The low correlation would indicate that
. if resistance of the host to U, hordei was genetically
E determined, ﬁhe reeistance_to.infeotion of'the aeed and
subsequent infection ef the tiiler were hot related9 and
"probably were not controiled by the-same gene Or genes.
The ability-of tHe fungus to 1nfect the secondary prlmordia

‘seemed not to be correlated with the ability to penetrate

o the original primordia. This could. be a result of the

presence of diffefent genes governing the two events,
The fungus may possess a gene (er genes) for infect-
ivity that counteracts the gene(s)_fer resistance,

Variability 1n'both:these genetic systems may.aecouht
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Table IV

~ Correlation Coefficient For Diseased Tillers Versus Diseased

Plants

percent plants with smut

X1 =
X2 = percent smutted tillers of smutted plants
EX1 = 980
EX2 = 567
- Ex1x2/(1) = covariance
bi,2 = regression coefficlent
b2,1 = regression coefficient
rli,2 =

correlation coefficient

i

EX1%, = EX1Xp-EX1Xp = 30,895.00-555,660/20 = 3,112.00

n
bl,2 = Exyxp/(n-1) = 163.78 = 0,23
Ex3/(n-1) 711,08
b2,1 = Exix2/(n-1) = 163,78 = 0.53
| ExZ/(n-1) 308.42
= (b1,2)(b2,1) = (0.23)(0.53) = 0.12 = 0.35

ri,2

Cbnfidenoe Limits; P=0,95 (~0.1 to +0,65)
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~ for some of the correiation. Because the correlation

was positive one would éxpect that a culture that-is gqing
.~ ~to infect more seedlings is also going to give a lérger
number:of infected tillers per diseased plant following
this infective event. | | | :

To‘investigaﬁe thé possibility of mitotib recombination
‘in U. hordéi, ten biochemical mutants were chosen (Tabie V),
-To insure that thesé mﬁtants were stable the tests shown
in Taﬁle V were carried'éut,

In addition to the crosses listed in Téble I, crbssés
were aiso'made to produce the homozygous dikaryon of each
mutant. Smutted tillers were produced‘dnly after
inodulation with heterozygous dikaryons (Table I); these
tillers were collected and a‘random selectioh of teliospores
'was.germinated énd the reéultinglsporidia were teéted(

”Afér biochemical deficiencies. The expected sporidial

typgs were recovered in all cases. In the crés_s'E3 X A*

- several recombinant sporidia were also récovered (Table VI).
Testing of the crosses IQA X a* and A% X a% yielded

the two wild mating types only. The isolation of both

 mat1ng types from both crosses demqnétrates that ~

fecombination had occurred,_és only a single wild mating

type was used during infection of the seeds. Isolation

of the various bicdhemical mutants from these two crosses

Was»not éuccessful;;probébly'because'of the isolation

~ techniques used, The isolation involved'randbmly SeIeCted |
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Table VI -

Resultant Sporidial Types Obtained for the Cross Esa X A¥

Mutants showing absolute requirement for supplements,

1 adenine _

2 adenine, serine, pyridoxine
3 adenine, proline, histidine
L adenine, pyridoxine :

Mutants that show slow growth unless certain requirements added-~
~requirements essential for any growth shown before the

" brackets, requirements that must be added to achieve growth
equivalent to that demonstrated by the parental types

shown in brackets,

1 adenine, pantothenic acid ( niacin, proline serine,
: and pyridoxine)

2 adenine, serine ( niacin, proliné, pantothenic acid,
pyridoxine and arginine) :

3_aden1ne,_proiine (éerine, and histidine)

L4 adenine, proline-(serine, pantothenic acid, arginine,
' and histidine)



Table V

Growth of Mutant Cﬁltures on Various Media

, Mutant o “.Growth on Growth on Growth on Mating Mating
‘ ' - Complete - Minimal Minimal with : with.
- Medium Medium -+ Plus EBa IyA
: ' S Nutritional _
Requirement
- pantothenicV359a  + + - + - +
| V3594 + . - + + -
- pyridoxineV26éa + - + - +
: V26A + - + + -
adeninevVi75a + - + - o+
' V1754 o+ - o+ + -
prolinevi32ia + - + - +
V3244 + - + + -
arginineXs52a + - + - +
X52A + - o+ + -
serineVsa + - + - +
, V5A : + - + + -
- histidineVi6ba —+ - S+ - + .
_ V4664 + - + + -
leucineU50a + - + - RN +
_ - U50A + - + + -
niacinX95a + - .+ - +
: X954 + - 4 + -
methionineV2ila + N + - +
va2hia o+ - + + -
E3a + + - -
+ + + -

InA

i indicates growth
- indicates no growth

sz
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individual teliospores which had been’allbwed to
germinate and produce sporidia. The sporidia were'then
isolated and allowed to grow on plates, Resultant
colonies were chosen and idéntified by nutritional
testingo The wild type colonies probably outgrew the
mutants, and thus prevented the isolation of.mutants by
this method. This problem could be overcome by thé ‘
early separation, by micromanipulator, of the products
of a single tetrad. |

Crossing each of the mutants 1hdividua11y wiﬁh the
opposite wild mating type yielded non-mutants of both
mating types as well as the original mutént; however,
no recombinant mutant of the opposite mating type wés
recovered, | ‘
| The microwanipulator was uséd to Separate the products
of the tetrads produced by the EBa XTA# croags., Teliospores
were isolated and placed onto small (2 cmz) blocks of |
complete agar medium,.allowed to germinate and then,
using a micromanipulator, individual sporidiaIWere isolated
and placed on individual agar blocks. These-sporidia
were allowed to grow and the resulﬁant colonies were
identified as to their nutritional requirements.

Using.the micromanipulator on the E3a X A* cross,
-'eight mutant sporidia were isolated from germinatiﬁg
‘ telidspores;lthe elght resulting cultures Weré from

‘eight different teliospores, and represented a very small
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sample of the potential variability of this cross. The
variation in the amount of growth of these eight cultures
-when replicated to different media should be noted.

" As an exémple of this vafiation, mutant VIb 9 (Table VII)
grew well on media that lack methionine, leucine, or
histidine: the mutant had_the ehzyme systems available

to produce its own supply of these reguirements. There
was no growth on media deffcient in adenine or serine:
these nufrients must be supplied,_ The media that were
deficient in pyridoxine, pantothenic acid, proline,
niacin, or arginine;‘support very limited growth. There .
weré éeveral possibie explanatiens for this result.

Gene interaction may be involved whereby. the présence‘

of one gene was suppressing enzyme productioﬁ of anothér
gene; alternatively, a dosagé effect might allow only a
~’small amount of a certain compound to be produced.  A
récombination could have resulted in the organism
feceiving ohly a dertain fraction of the entire gene
dosagé neéded for adeqﬁate production of the final compound.
" The 11fe ecycle of U, hordei.ihvolves the fdrmation of a
“double haploid" hypha called a dikaryon (Figure 1),
,One.nucleué»gf the'dikafyon may exert g:eater influence
on the gfowth of the fungus'than the other nucleus, If
-the controlling nucleus was.deficient'for a gene, the
secondary nucleus may bé able to provide a small amount

‘of the deficient product, resulting in minimal growth of
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the fungus in the absence of an external supﬁly of the
product. |

The isolation of multiple mutants indicated that a
serieé of recombinations had taken place between the two
nuclel of the dikaryon, It may also indicate that.fusion
of independentvdikaryons had occurred either in thé
{noculun prior to infection or within the ihfected plant.

The linkage relaﬁionshipa of the ten markers used
in this experiment are not known. If it is assumed that
the reéombinational evenﬁ involved linkedimarkers, such
a process would require formation of a diploid nuecleus
followed by mitotic crossing over. To obtain a third
marker in the same nucleus, a mitotic crossing over
would need to occur between the haploid nucleus with
two markérs and another haploid nucleus. To obtain é
third haploid nucleus, some type of mycelial fusicn and
nuclear transfer would have to occur. There_isvhowever,
no evidence that mycelial fusion ococurs . in basidiomycetes.,

The possibility that transforﬁation has occurred is
also present. During the inoculation of the seeds, or
‘1n the plants, some cells may'bevdestroyed,Aliberating
free deoxyribonucleic acid that could be taken up by the
young growing hyphae. | | '

_ This»expériment has also provided the beginnings of

a system for studying competition. Table VI shows the

mutants that have resulted from the cross E3a.X A*;
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~each mutant contains an adenine deficiency. The high
frequency of adenine-deficient mutants would indicate a
low survi#ai rate for the gene or genes involved in
adeniné gynthesis. This frequency, at which the various
mutants appear in the population, could be used as a
means of determining genome frequency for the mutant

‘genes.



30

“Pable VII

Tests on Three Multiple Mutants

Growth on complete plates minus the following nutrients

Nutrient S o ‘- -Mutant

VIb 12 VIb 9 VIia 1
methionine 3 3 3
" leucine 3 3 3
niacin 1 1 2
histidine 2 2 2
adenine 0 0 0
proline 1 1 3
serine 1 0 0
pantothenic acid 0 -1 2
arginine 2 1 2
pyridoxine 1 1 0

Crowth on minimal plates with the following single nutrient
added, _ : A :

.vNutrient ' o Mutant
| CVTIb 12 VIb 9 Via 1

'methionine’_ 0 ' 0 0
leucine 0 0 0
niacin v 0 0 0
histidine 0 0 0
adenine 0 0 0
proline 0 0] 0
.serine 0 0 0
pantothenic acid 0 0 0
arginine 0 0 0
pyridoxine 0 0 0
complete L Ly - 4
minimal 0 ‘O 0
4 = wild type growth

= no growth
-3 = variation in amount of growth between none and
wild :type.
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Bo. The Effects of Gibberellic Acid on Inoculated and

vUninocﬁlated'Barley Plants

The first part of the experimént was a study of
tiller.elongation following treatment with gibberellic
acid. The effect of U. hordei on the total tiller
length of plants that were not treated with gibberellic
acid was.first studied., 'By‘measuring the internodal
disténdes on—healthy and diseased, treated and untresated
plants the effeot of gibberellic aoid on %iller elongation
in barley was also determined.

The second objective of the experiment was to
detérmine ir gibbereliic acid treatment reduced the
percentage of diseased tillers on barley’plants inoculated
with U, hordei, o

1. Plantsbnot treated with gibberellic acid.

Uéing a table of random number, 108 nonéémutted
 t1llers were chosen from one hundred plénts with both
smutﬁed gnd non—smutteﬁ tiilers° When a.nonsmutted
tiller had.been chosen, a smutted tiller from the same
- plant was seiedted, again by random numbers. As a -
student t test was to be used.it waé eééential that ﬁhe
smutted and non—smﬁttéd tillers be'matched as closely as
poésible and that no genetic variability affected ﬁhe
'caioulations of the matched tillers; Lengths of the
108 pairs of tillers are recorded in Table VIII,-whicﬁ

also shows the y value (the difference between non-smutted



Table VIII

" Tiller Length in Centimeters

Smutted Nonsmutted ¥ Smutted - Nonsmutted Y Smutted =~  Nonsmutted Y
70 o 84 . 1L Lo 75 35 55 75 20
58 64 6 50 75 25 50 55 5
52 76 24 L0 , 60 20 4o 60 20
52 78 - 26 55 75 20 50 - 80 30

- 30 . - L8 18 Lo 60 - 20 50 70 20
52 : 5 66 14 - 45 - 53 . 8 65 70 5.

.55 ' ' 42 13 - 30 o us - 15 ko b6 - 6-
Lo 69 29 L8 ‘ _ 55 7 bs 60 15
50 - 80 30 40 60 - 20 50 - 80 30
4g 56 8 56 70 ik 50 L 55 5
60 .80 20 60 - 85 25 60 65 5
65 80 15 30 53 23 - 3k .55 21
45 65 20 30 - 53 - 23 60 . - . 68 8
50 L 82 32 60 v 78 18 30 Lsg 15
ko - A5 5 50 66 16 35 70 35
38 55 17 35 55 20 55 ' 65 " 10
60 : 60 0 bs 65 20 70 _ 80 10
50 Ls 5 55 90 . 35 20 58 38
60 ' 75 15 Lo _ 50 i0 30 52 22

Lo - 42 2 60 75 is 40 - 65 25
Lg ' 70 25 50 - ' 60 10 hiy 55 11
Ls - 66 21 Lo L6 - 6 50 60 i0
43 - 48 5 60 . 83 23 60 _ - 86 26
52 . 70 18 55 : 75 20 34 . Lg 11
33 60 27 30 50 20 30 Lg 15

57 70 13 L5 | - 60 15 30 n6 16

49



Smutted

b2

- 55
60

60
40
55
4o
65

- ko
50

Nonsmutted ¥Y  Smutted

53

70
73
84

65 -

80
Lo

73
4o

- 60

11
15
13
24
25
25

0

8

e
10

45

Table VIII cdntinued

53
80
65
60

70

35
- 55
70
76
50

Nonsmutted Y

8
25
23
10
10

5
15
22
16

20

Smutted

4o
55
50
30
55
30
35
26
36
%o

Nonsmutted Yx

65
70
70
L5
70
22
46
46
65
65

25
15
20
15

15
8

11
11
29
25

49
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Table IX

t-test to Determine Eguality of the Pépulation Means of

Smutted and Nonsmutted Tillers

n = 108
E smutted = 5030.00
E nonsmutted = 6775
Evy = 1745

The null hypotheon is that the presence of U. hord@i does
not effect the tiller lenzgth of thr barley plant and
therefore the two population means (smutted and nonsmutted)
will be equivalent.

u o= 0 (Ey)% = 3,045,025.00 SS = 9,633.00

n = 108 (Ey%z/n = 28,194,67 s = 90,02

Ey = 1745 : = 37,827,00  S2/n = 0.83

g = '16.15 | .
Se/n = 0.83 = 0.911

t =y - 0/ s%/n

i

16.15/0.911 = 17.74% with 107 degrees
. of freedon

At 0.5 percentage point of the t-~ dlstribution wi*h 107 degrees
of freedom, t 2.625 ; since t-calc. = 17.74,

the hypothesis that the population mean is equal to zero
or that the presence of U. hordei does not effect tiller
length is rejected. - '
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and smutted tillers). | _

To test the effect of U. hordei, the null hypothesis
was taken to represent that there was no difference in the
lengths of smutted and ncn;smutted tillers, As is shéwn
in Table IX, the calculated value of t (17.74) was

cbnsiderably greater.than the t table value (2.625),

.From this it was concluded that the null hypethegié did
not apply, and that smutted tillers are shorter thén

those which show no smut. (No comﬁletely:smuttéd‘plant
‘was used in this calculatione Howeﬁer it mayAbe mentioned
that plants that were completély smutted were aiways

Visibly dwarfed).



2. Thevéffect of Gibberellic:écid on smuttedband
non-smutted tillers. |

| The first objectivé.of'the expériment was to determine
‘whether thé présence of gibberellic acid reduces the
.percentage'of smutted tillers° _The data of Table X
would indicate that the gibberellic acid treatment had
fédﬁced thé percéntage of smutted plants. However, the
percentage of smutted plants (85%) in the non-treated
rows is much higher than normal. The conclusion here is
that in this particular case, the présence of gibberellic
cacid reduced the peréentage of smutted plants from
‘85 to 50 percént.'_In & similar way, the gibberellic
acid treatment reduced the percentage of" smutted tillers
‘ from 35 to 28 percént. Thus,‘whether measured in terms
"of plants or tillérs, the gibberellic acidbtreated_plants
showed lower levels of the disease., If gibberellic
fécid treéﬁment resulted in a decrease in the percentage
‘of smutted tillers, 1t‘couid possibly relate to thé
difference in relative growth,rates of the fungus:and
the meristem of the host in which it resided,

. The second objective.of the experiﬁent was to
determine the'effedt ofvgibberellic acid on total tiller
'height, For measurement purposés; thé ten categories in
Tabie X'were used. As different éategories contained
vdifferent total tiller cbunts, a table of random numbers

was used to produce categories with less variability in
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Table X

Gibbéfellic Acid Treatment Categories

1 cdntroi plants: seeds not infected

2 gibberellic acid control: seeds not infected

3  seeds infected: plants treated with gibberellic acid
‘=10 smﬁt plants

Iy 'seeds infected: plants treated with gibberellic =zcid
-plants with some smufwtillef count of uhsmutted tillers
seeds infected plants treated with gibberellic acid
-~plants totally smutted-no plants in this category

6 séeds Iinfected plants treated with gibberellic acid

| =plants with some smut~tiller count of smutted tillersb

7 . seeds infected noc glbberellic acid-no smut plants

8 ‘seeds_infected no gibberellic acid-plants with some’
smut-tiller count of unsmutted tiller |

v9 seeds infected no gibberellio aoid-plantq a2ll smut

 10 éeedé»infected no gibberellic acid-plants with some

| 'smut—tiller count of smutted tillers

Total percentage of smutted tillerq on infected gibberellic

.acid treated plants o : - 97/343 28%

Total percentage of smutted piénts in ihfected gibberellic

acid rows | - : 17/34% 50%.

'Total'perpentage of smutted t1i1ers 6n infected no.

gibberellic acid plants /210 35%

Total percentage of smutted plants in infected no gibberellic

acld rows | : | ' 17/20 85%
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tiller numbér° Classes 7,8,9 and iO had very few tillers
and the total tiller number for theéé four classes wasvuséd°
In‘all casés-only the longest tiller of an 1ndividual‘plantv
Smuttéd or unsmutted, was used to provide data for Table XI.
Using an F test the relationships between these categories
were examinedov |

The firSt tests (described.in Table XIII), indicate
that there was no relationship among the grbups, An overall
increase in thevméximuh tiller lengﬁh over the control as a
result'of»gibberellic_aoid is shown in Table XIV. If a plant'
has been inoculated, and éome of its tillers develop'smut,
then gibberellic acid has no effect on the length of thé
smutted or non-smutted tillers (i.e. the difference in tiller
length due to smut is refained Table XV)).

A statistical test was not needed tobshow that the

1engths of smutted and non-smutted tillers were different

‘siﬁce y of the non~smutted tillers was 88.11 (Table XIIf)

and'§ of the smutted fillérs was 62,00 (Table XII). The

control plants, and plants that remained healthy after

inoculation were not'statistically different (Table XVII).

‘The uninfected tillers of plénts showing some infection

however were'not in the same,statistical population as

' the healthy tillers of the healthy plants (Table XVIII).

_Thé eXperiment showed that gibberellic acid treatment

resulted in an increase in the maximum length of

uninfected plants. If a



Table X1

Tiller lLengths In Centimetres

Sample 1

100
=106

90

105
85
110
100
105
100

s

90

110

104
.90
90
100
93
105
100

100

115
80,

120
110
112
105
110

90
115

100

100

100
100
114
106
115

120

115

110
120

95

. 110

125
112
110

115
112

90
110
103
120

105

105

110

100

100

105

80
106
107

99
95
99
86

85

66
118
85
100
60

86

70
70
85
80

102

80

86

80

85

75
68
Ll
66

70

68

70
80

70

60

bﬁ

60
60
80
66
55

65
75

105

g0
90

90

92

95
97
95
88

90

90
90
92

75

30

Ll

60

75
70
43

39

i0

75
7%
L2
72
62
73
60
b
36
60
85



Sample
- number

Tiller
Length

Sample

total T

110

100
106

90

105

85
110
100
105

- 100

85
30

104
90
90

100
93

105

100

100

1968

115

80
120
110
112
105
110

90
115
100
100
100
100
114
106
115
120
115
110
120

2157

106

95
110

125
112
110
115
112
90

110:

105
120
105
105
110
100
100

- 105

80
107

2122

Table XII

Tiller Categories

b

99
95
99
86
85

118
85
100
60
86
70
70
85
80
102
80
86

80

85

1717

75

68

by

66 -

70
68
70
80
65
70

60
b5
60
60
80
66
55

75

1307

105

c0
90
30

92
95

.97

95
88
30
90
90
92
75

20

Ly
60
75
70

292

10

75

L2
72
62
73
60
Ly
36
60
85

685

O



" Grand total =
BEn
General mean ;

E(Tz/n); _

Sample 1

- number

Size of

sample n 20
Sample

‘mean y 98.40
2/n . 193,

651,20

il

n

- Table XII Continued
2 3 k4 6 78

20 20 20 20 411

107.85 106.10  85.85 65.35 93.75  90.36

232, 225,  1bL7, 85, 35, 89,

632.45 14l ,20 LOk. L5 b12,45 156,25 821.45

9,333
95

97005,

= 924,487.31 -

5 11
58,0 62,27

17, L2,
052.80 656.81

h



Table XTTITI.

 Re1ationship Among Tiller Heights

K = 9,333
En % 95
? = 97.05
B(T%/n) = 924,487.31
6> = 87,104,889,00
(1) = ¢°/En -~ 916.893.56
(II) = E(°/n) = 924,487.31
(111} = Ey? = 933,055.00
among samples : (II-1) = 7593,75
within samplesv (III=-ITI) = 8567,69
total C(III-I) = 16161.Lb
K-l =5 |
En-K = 89
ns?y = 1,518.75
s%p = 96.26
F - nsy/s%p = 1,518.75/96.26 = 15,77'
Fat 5% - 5/g,df = 2.3683 B

- 15.77 > 2.3683"

Therefore the population‘means were not the sane,

b2
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. Table XIV

Relationship Of Gibberellic Acid Treated No»Smut Plants -

_To'NonnGibberellic Acid Treated No-Smut Plants

[ = 6247,00

En o = 60

y = 104,11

B(T?/n) = 651,427.85

6% = 390,025,099.00

(1) = G%/En = 650,416.81 |
(11) = E(T2/n) = 651,427.85

(111) = Ey? = 656,575.00

among samplésb (1I-1) = 1011.04
within samples (III—fI). = 5147015

K-1 =2 | o

En-K = 57

ns%§ = 505,52

s%p = 90,30 |
R ' = nszy/szp = 505.52/90.30 = 5,60
Fat 5% - 2/,.df = 3.20 | o
5.60 ) 3.20

Therefore the population'means were not the Same,_


http://5i.47.i5

Table XV

Relationship Of Healthy Tillers Of Diseased Plants

With And Vithout Gibberellic Acid Preatment

G - = 2711.00

.En =31

F o =881

E(1%/n) = 237,255.90

G = 7,349,521.00

(1) = G2/En - 237,081.32

(II) = E<TZ/M) = 237,255.90

(III)  =Ey? - = 241,155.00

among samples (IT-I) = 174,58

within samples (iII-II) = 3,899,10

total ' : (I1I-1) = 4,073.68

K=1 =1

En=K = 30

ns y = 174,58

s%p = 129.97 | |

P =ns’i/sPp = 174.58/129.97 =
= 14,1709

Fat 5% - 1/_df
. 30
1.38 &£ 14,1709

Therefore the population had the Same means.

1.34

Ll



Table XVI

Relationship Of Smutted Tillers Of Diseased Plants

With And Without Gibberellic Acid Treatment

G = 2284
En ' = 36
¥ = 62,00

E(T%/n) = 145,122,06

G2 = 5,216,656.00
(1)  =0G%/En = 144,907.11
(II). - B(T2/n) = 145,122.06
(II1) = Ey% - 150,260.00
among samples (TI-I) = 214,95
Wwithin samples (III-II) = 5,137.74
total (III-I) = 5,352.89
-1 ,.= 2 | |
 vEn=K >'=33 _
ns?y = 107.47
%o = 155.68 . o
F: = nsz§/s2p = 107,47/155,68 = 0,69

3.3000

"

F at 5% - 2/34df
0.69 ¢ 3.3000

Therefore the populations had the same means.



Table AVIT

Relationship Of Non-Inoculated (Healthy) Plants

With Inoculated (Healthy) Plants

G = 2343,00 |

En = 24 | : .

y = 96,07 i

E(T%/n) = 228,807.45

G2 =5,489,649,00

(1) = G2/En = 228,735.37

(II) - B(T%/n) = 228,807.15

(III) = Ey? = 230,151.00 |

among samples (II-1I) = 72,08

within samples .(III-II)- = 193h3;55
k-1 =1 B

En-K - = 22

nszi = 72,08

s2p = 61,07

F = nszy/szp = 72,Q8/61007v - 1.18

i

F at 5% - 1/22df

4. 3009
1.18 ¢ = 4.3009 |

~ Therefore the population had the same means.,

L6



Table XVIIT

Comparison Of Healthy Tillers Of Diseased

And He&lﬁhy Plants

G = 2962
En ;431 | |
5 - 95.6 o |
E(T%/n) = 28L,472.65 |
6 = 7,772, bk
(1)  =G°/En = 250,724
(11) . = E(T®/n) = 284,472.65
(I11) = Ey° - 284,982.00
among samples (II-1I) = 33,748.65
wiﬁhin samples | (ITI-II) = 509,35
. k-1 =1 | B |
En-X : = 30
g ns?y = 33,71»8_.;6-5' |
szp a .= 16.95 |
F - nsz/y/szp = 33,?48065/16a95 = 4.170
F at 5% 1/50af = 4,170 |

‘Therefore the population means were not the same.
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plant was diseased the maximum tiller length of the

gibberellic acid treated and untreated tillers was not

‘ statistically different. Healthy tillers of diseased

plants”were not a2s tall as the healthy tillers of healthy
planté, Gibberellic acid éeemed to produce an efféét
that was countered by the development of the disease,
- Smutted tiilers'were_usually shorter than non-smutted
tiliers, whether or noﬁ they have been treated with
_gibberellic acid, o

To determine the effect of gibberellid acid on
internodal elongation in the bérley plant, the six
categories shown.in Table XIX were used; From the data,
bar graphs Qere-prep&rei,that showed the spread of the
internodal distances 1n.the six categories (Figure 3
to Figure 7). |

The first bar graph, Figure 3, compares gibberellic
acid treated with untreated (control) plants. The
gibberellic acid treatment resulted in 1ﬁcreaéed elongation
in internodal regions 0-~1, 1-2, 2-3, and 3=4, (crown
land first node, first and second'node; second and third
node, and third and fourth node), whereas regions 4-5
and 5-6 showed no increased eioﬁgation° .The average
internodal distances for the finalftwo nodes of both the
gibberellic acid.treated and untreated controls were
very similar (Figure 3).

The next_two graphs 111ustrate thebinteraction
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Table XIX

Internocdal Length

‘Row Type Internodal Distance

.Node Number

Control 2 s 7 12 23 33,5
| 5.5 8 10 15 25 38
2.5 6 10 - 13 20.5  31.5
5.5 ii,s 13.5 17.5 28.5 38
1.5 5.5 10 12.5 22,5 36.5

©3i5 1645 9 12.5 18 - 34
4,5 10 11 12 1705' 22
.6 9 10.5 12 19.5 29.5
5.2 10.5 12,5 15.5 24,5 38.5
3 8 13 17.5 30 b4
4 10.5 14.5 18.5 31.5 35
2 7.5 16,5 | 17.5 29 41,5
6.5 9.5 11,5 12 22 23.3
365 i 7 9.5 12.5 20 = 32.5

5 10 14,5 16,5 25 38,5
average /4.0 /8.3 /11.5 /14.3 /23.8 /34.h
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Table XIX

1 2 3 T 6

 Smutted Tnfected 3 10 13 17,5 20 - 14
Gibberellic Acid kb 9 15.5 16 13.5 16,5

5,5 12 14,5 20 12 17

v 115 15 17.5 16 13

3 10 - 1k 15 12 4

3 6.5 7 7.5 7.5 6

2 9 14,5 17,5 13.5 5
2.5 9 i1 1k 18 10.5

27 7 9.5 17.5 16 10

3 10.5 1k 17 17 10
/3 /9.5 /12.8 /16 /ik.6  /10.6

average

°
TN



Table XIX

51

/3.8

/10 /13.2

1 L 6
."No Smut Infected 3 L 104 11,5 12,5 10 . 30
ggbberellic Acid 3 6 11.5 16 26 34
v 11 13.5 15 23 29
5,5 13 16.5 18 20 21
: I 10 14 15 21 28
4 11 13 15 21 23
3,5 9.5 14 16.5 -2k 26
5.5 11.5 12,5 14 15 18
3 8 12 e 23 o 3b.s
3.5 10 13 15 21 27
average /15;1 /20,4 /27
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Table XIX
1 2 3 I 5 6
 Smutbed Infected 3 9 13 15,5 17 =+ 10
Gibberellic Acid
v | 3 8  15.5 18 22 8
2.5 5.5 15 19.5 26.5 - 15
1 45 1h 18 21 23
3 6.5° 14,5 18,5 21 . 12
2 9 15  17.5 13
H.5 10,5 15 18 11 o 8
3 6.5 13 13 8.5 3
3 b5 13 17 22,5 21
3 2 11 15.5 16 8
1 7 13 1 15.5 7
4»5 5.5 8 17 21 8
3.5 5 15 17,5 19,5 9
S5 11,5 15.5  17.5 20 12,5
2.5 4 10.5 17 17.5 12

average. - | /2.9 '/6.3 /13 /16,7 /18.4 '/11.3
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. Table XIX

1 2 3 I 5 6
‘No Smut Infected 7 13 18 20,5 20.5. 17.5
Gibberellic Acid :
5 11 15 18.5 27.5 41,5
6.5 10 14,5 16 2 .30
7 12 16,5 17 24 38,5
2.5 9 - 16 18.5 23 30
s 115 15 17 22,5 19
h.5 8 13 17 16.5 30
7.5 14,5 16 18,5 22 25.5
4,5 10.5 15 17 21 Lo
8 12 15 17.5  21.5 38
9 12 16 17.5 17,5  20.5
9°5' 13.5 19 = 21.5 27 20.5
7 11.5 16 18 23 32.5
8 . 10 1 18 26 39

- 6.5 12 15,5 18 25 31,5
average - /6.5 /11,4 /15,6 /18 /22.7 /3Qo3~
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/18,4

/23.3

Table XIX
1 2 3 I 5 6
_Gibberellic Acid 3.5 7.5 1t 16 14,5. 29,5
Control
5.5 10.5 1L 16 23 33
5.5 10.5 14 . 18 22.5 ;30
8  13.5 18,5 18.5 28  37.5
3 11 15 17.5 26 5.5
2.5 10  15.5 20 26 36
9.5 1k 19 20 26 35
yoo11 16,5  20.5 28 39
713 19.5 20.5 25 26
9 15 17 20 22 28,5
6.5 12.5 16.5 18  26.5  37.5
2 10 15.5 19.5 26 32
B.5 9.5  1h,5 16,5 19  36.5
7 12,5 17 17.5 19.5 20,5
6 10 14 17,5 18 29
'avérage >/5,6 './11,4 }/15;8 /33;



Explanation of Facing Figure

Gibberellic Acid Treated, Control Plants

Nongibberellic Acid Treated, Control Plants

‘Average Elongation of Each Internodal Region
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. Figure 3

o Compafison of Internodal Variation of Gibberellic Acid
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. Treated, Control plants with Nongibberellic Acid Treated,

Control Plants.
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Explanation of Pacing Figure

Nongibberellic Acid Treated, Diseased Plants
Nongibberellic Acid Treated, Control Plants

Average Elongation of Each Internodal Region
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Comparison'of Internodal Variaﬁién'of Healthv Tillers of

Figure 4

vNongibberellic?AcidiTreatéd;vDiSeased Plants-with_ - -

- Nongibberellic Acid Treated, Control Plants, .
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between the disease énd gibberellic.acid treatment.
Figure s cémpares thélnon-treated control with the healthy
'tillers of diseased plahts; The internocdal distancGS-v
were similar except for the upper two, where.the control
plants exhibitéd greater elohgationo_ The failure of
eléngationvof internodés h-5 and 5-6 of the infected
plants wés possibly due to the presence of U. hordei in
the heélthy tillers; _The‘fungus.could be ﬁsing some of
the nutrients of the plant thereby fesulting in failure
of elongation° The isolation of U, hordei from healthy
- tillers would support'thié conclusion. Alternatively;
the presence of the fungus in the plant, but not necessafw
11y in the healthyvtillers, may be causing a reduction
in the avéilability of metabolites needed by the healthy
tillers, thus resultiﬁg in failufe to elongate. The
criticalﬂpoint; S0 fér as faiiure of elongation is concerned,
appeared to be the time when the plant Qas undergoing N
eloﬁgation.of internodes 4%5 and 5=6, |

~Wheﬂ the tillers that have smutted spikés were
compared With those of non-inoculated and non—gibberellio
écid treated plants, internodes 4-5 and 5-6 were again
- those that failed ﬁo élongateo_ Figure 5 shqws‘a small
overiap between internodes h;S of smutted and non—ﬁreated,
‘healthy plants. The average elongation of internodes
5«6 of the smutted tillers compared more'ciosely with the
elongationvof internodes 4-5 of non-inoculatedgnqn—

gibberellic acid treated plants, Internodes 5-6 of



Explanation of Facing Pigure

Nongibberellic Acid Treated, Smutted Plants
Nongibberellic Acid Treated, Control Plants

Average Elongation of Each Internodal Region
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Figure 5

Comparison of Internodal Variation of Nongibberellic

Acid Treated; Smutted Plants with Nongibberellic Aoid

Treated, Control Plants.

457 -
407
-_(’>5»’ —
5
0 N
. -
X : .
L . . N
=] .
5 = -
U.- :.'
5 "
o 207 7 7R
0 . ..
§ A ? |
) o~ NN ZB
la4d 7
2y v
20800 U 2
a ZRER7 R
vophe u oy
L_ v
.5- é
Som1 o 1-2 2-3 C sea 4-5 '7‘ 5-6

Internodal Regions

58



Explanation of Facing Figure

Gibberellic Acid Treated Control Plants
Gibberellic Acid Treated Smutted Plants

Average Eldngation of Each Internodal Region



Figure 6 |

o Comparison of Internodal Variation of Gibberellic Acid

’ Tréated, Control PlantS-With Gibberellic Acid Treated,

Smuttéd Plants.'
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Explanation of Facing Pigure

Gibberellic Acid Treated, Smutted Plants
Nongibberellic Acid Treated, Smutted Plants

vAveragevElongation of Each Internodal Region

i

N

i



Figure 7

i; Comparison of Intefnodal Variation of Gibberellic Acid

 Treated, Smutted Plants with Nongibberellic Acid Treated,

Smutted Plants.
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smutted tillérs showed é marked redﬁction in elongation.
The averagé elongatldn of internode 5«6 of the smutted
-tillers‘isvsimilar to-thé eloﬁgation of internodes 1-2;
ahd.2=3 of either the untreated contfol or the smutted
tillérs0 One effect of the_disease was to ihhibit
elongation of internodes U4-5 and 5«6 of barley plants.

The application of gibberellic acid to diseased
planﬁs'failed to causevélgngatioh of tillers that are
normally shortened by the presence of U. hordei infection.
A comparison of diseased tillers with those of gibberellic
~acid tre&ted non-inoculated control plants (Figure 6) |
showed that there was a reduction in tiller length of all
internodes, fndicating that there was no increased- |
1nﬁernoda1 elongation of smutted gibberellic acid treated
tillers as compared with either the control plants or the
diseased tillers of the infected non~gibbereliic acid
- treated plantss(Figure 7). When a tillér was 1nfected,b>
the preseﬁce of U. hofdei Seemed to prevent increaéed
internodal.elcngation that would normally take place
.after tréatmént with gibberellic acid.

The presence of gibbereliic acid produced an
elongation of internodes O»l,Al-Z;'z—B and 3-4, but had
no effect on the internodes 4-5 and 5-6, Diseasedltillefs
~sh6wed normal.elongatibn (as compéred,with the control)
of internodes 0-1, 1-2, 2-3 and 3-4. Internodes 4-5 and

5-6 shbwed'a failure of elongation as compafed with the
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control. _Diéeased tiilers that were treated with gibberellic
acid shcwe& no effect; A possible explanation for this
v‘result was that the preéénce of the disease and gibberellic
aéid béth interfered with the normal process of internodal
elongation, andbthat the presence of the disease (whosé
effect was to inhibit elongation) is not counteracted by

gibberellic acid (whose effect was to promote elcongation).



63

C. The Perceéntage of Diseased Tillérs Following Two

Different Inoculation Proccedures with Susceptible

and Resistant Barley Varieties,

The application of a mixture of the two haploid
»strains (IyA andbEBa) tovthe barley seeds at or just
befofe their germination was the usual method of
'inoculatiéno The "standard" dikaryon generated by this
mikture produced the disease in the barley varieties
Himalaya and Vantage, but not iﬁ the varieties Excelsior
and Conquest., Whether the failure of disease inductiqn
on the latter ﬁwo varieties was the result of failure
of infection or of failure at some later stage in the
parasitic phase of the l1life cycle is unknown, Table XX
shows the results of-experiments which were deéigned to
elucidate this.pointo. Following inécﬁlation, by injection
of the growing plants, the variety Conguest showed the
disease, suggesting that the block.to diséase developmeht
oh the variety»Conqueét occurred early. Perhaps this
blockage occurred at the time of initilal penétratioﬁ of
the dikaryon, or prior to the establishment of the
"erown" node, or later, at the>t1me of development of
tillers from the crown node., The establishment and
maintenance of the dikéryon in the meristematic tissues
of the host wasvhecessary at all the precedihg develop-
‘mental stages as fallure to do so at any one'stage would

reSult in the dikaryon being left,behind; and the spike
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Table X%

- Seed Variety Presence Of Smut In Various

Varieties Of Barley

Infected seed Injected plant Control

Number of Total Number of Total
tillers number of tillers number of
infected  tillers infected  tillers

Himalaya 25 L2 15 58 -
Excelsior 0 68 o 61. -
Vantage 41 . 55 35 67 -

Conquest 0 70 . 6 - 62 -




“primordia woﬁld ﬁhen be.able to develop free of the
disease, The time at which the failure occurred, and the
'freasoﬁs fof it, remain unknown, |

vThe tillefs of Excelslor developed at a much earlier
stage in plant growth than did those’of the other varién.
ties studiéde The early development and rapid growth of
the'tiller'and spike primordia may prevent entrance of

the fungus.
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SUMMARY

As Multiple Infection

= the resistance of the newly-germinated seedling of

H. vulgare to U. hordei and the resistance to infection of
subséquently formed tillers are not correlated and are
probably not controlled by thé same gene or genesg

- haploid sporidia with several genetic markers were
obtained from infected plants, indicéting recombination as
a result of hyphal fusion followed’by mitotic reoombination
or as a result of éome other event, (for example transforma-

tion), which has not been identified.

B. The Effects of Gibberellic Acid on Inoculated and

Uninoculated Barley Plants

= the application of gibberellic. acid increases the
overall tiller height of healthy plants by’effecting the
eiongation of the 1ntérnodal fegions 0=1, 1=2, 2-3, and 3-4,

 — gibberellic acid does not effect elongation bf the
internodal regions 4-5 and 5-6. |

'. - healthy tillers of diseased»plants are uneffected

by the épplicatibn of gibberellic acid. |

- diseased tillefé are usually shorter than héahthy
tillers - the application of gibbérellio aéid doeé'not |

effect the tiller length of diseased tillers.
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C. The Percentage of Diseased Tillers Following Two

Different Inoculation Procedures with Susceptible

and RBesistant Barley Varieties

= the injéction of U. hordei (compatible mating types)
into the developing spike of a normally resistant strain

vof H. vulgare resulted in the productionvof smut, indicating

that blockage to normal infection occurs at the time of
penetration of the newlyr;germinated seedling, at the level
of tiller primordia development, or at the time of spike

primordia development.
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