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Abstract:
Morphological observations were made on 3373 individual plants in the X3 generation of the irradiated
hybrids derived from a cross between Triticum aestivum L. (Var. Yogo) and Secale cereale L. (Var.

Dakold). Plants representing various visible mutations were selected and backcrossed to the wheat
parent for cytological examination. Several specific mutant types were found to be associated with
wheat-wheat and/or possibly wheat-rye chromosomal interchanges, and with single rye chromosome
additions.

There were differences in mutation rates between plants of the x-ray treated and non-treated levels.
Mutation rate in the latter was found to be much higher than the expected spontaneous mutation rate.
The selection of semi-sterile plants in this experiment and the addition of rye chromosomes into the
wheat chromosome complement seemed to affect increases in the rate of chromosomal interchanges.
The 12,000r level seemed to be the most suitable dosage for inducing high frequencies of viable
mutations. 
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ABSTRACT

Morphological observations were made on 3373 individual plants 
in the Xo generation of the irradiated hybrids derived from a cross 
between Triticum aestivum L. (Var. logo) and Secale cereale L. (Var.
Dakold). Plants representing various visible mutations were selected and" 
backcrossed to the wheat parent for cytological examination. Several spe
cific mutant types were found to be associated with wheat-wheat and/or 
possibly wheat-rye chromosomal interchangesand with single rye chromosome 
additions.

There were differences in mutation rates between plants of the 
x-ray treated and non-treated levels. Mutation rate in the latter was < 
found to be much higher th&fi the expected spontaneous mutation rate. The 
selection of semi-sterile plants in this experiment and the addition of 
rye chromosomes into the wheat chromosome complement seemed to affect 
increases in the rate of chromosomal interchanges. The 12,OOOr level ■ 
seemed to be the most suitable dosage for inducing high frequencies of 
viable mutations.
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INTRODUCTION

Hybridization -between Triticum aestivum and Secale cereale has 

been attempted by many breeders of different countries. The intergeneric 

cross has been characterized by the breeders’ interests in transferring 

single or a few desirable characteristics from Secale cereale into the 

chromosomal complement of Triticum aestivum. These desirable character- • 

isties might be either quantitative such as winter hardiness, or quali

tative such as disease resistance.

Crossing with rye to get the particular chromosome bearing the 

desirable gene or genes, followed by subsequent backcrosses to wheat to, • 

recover the good characteristics and to eliminate deleterious effects of 

rye chromosomes, has been the common breeding methodology.

This method has not appeared satisfactory due to the fact that 

deleterious genes are often associated with the desirable genes. Of 

course, the breeders are interested only in that segment of the rye chro

mosome bearing the desirable gene or genes.

To induce segmental interchanges between the chromosomes of 

wheat and rye which in effect separate the desired and deleterious effects 

and to bring about beneficial mutations, x-ray irradiation was applied in 

the third generation of the wheat-rye hybridization experiment here re

ported.

Numerous visible morphological mutations were observed after 

irradiation. An analysis of these mutants and a study of the effects 

which irradiation has had upon the present population should be of value 

in providing, information for further breeding plans.
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REVIEW OF LITERATURE

Hybridization between Triticum and Seeale is not new to most 

wheat breeders, .Attempts at such hybridization were made by various 

workers in different countries as early as the beginning of the -nine

teenth century. Most of the crosses have been successful. Information 

on cytogenetics of 'wheat-rye hybrids has been reported_from time to time,

Kihara (1920) made a cross between a common wheat and a diploid 

rye, He observed 28 somatic chromosomes. He was able to examine the 

meiotic behavior of wheat and rye chromosomes and reported that there 

were 1-3 bivalents in loose combination, and 26-22 univalents in meta

phase I. Chance distribution of univalents followed by abnormalities 

in later stages of division was observed.

Zalensky (1924) and Doroschevko (1925) both made cytological 

examinations of F^ wheat-rye hybrids, and reported that in zygotene 

chromatin threads showed no coiling together after synapsis and they 

seldom appeared double which indicates lack of conjugation.

Longley and Sando (1930) made two crosses between Triticum and 

Secale'. Fj plants from the :cross between Triticum aestivum and Secale 

cereale were examined cytologically. They were not able to find any 

pairing in meiotic metaphase I from plants, of this cross but were able 

to observe 1-3 bivalents in meiotic metaphase I from Fj- plants of another 

cross between T. aestivum and S. montanum.

Similar results were reported by Thompson (1926), Plotnikov 

(1929), Florell (1931)<i Q tMara (1940), and others. Summing up the above 

results, we may be able to say that there is little possibility for wheat



10
and rye chromosomes to pair with each other as a bivalent. They occur as 

univalents in the meiotic divisions. Consequently, the rye chromosomes 

would tend to be lost in, meiosis because of two reasonss (l) univalents 

are often lost in the cytoplasm at meiosis, where they form micronuclei,

(2) each univalent is distributed to but half the gametes, and so the 

number decreases in successive generations (O1Mara 1940). However, this 

does not mean that rye chromosomes cannot become stable in the wheat 

genomes. In most of the cases, after many generations of selfing, the 

progenies end up with the full complement of wheat chromosomes plus one 

or two rye chromosomes.

Morphologically it has been possible to recognize some rye 

characteristics which show in the wheat-rye hybrids. One of these is the 

hairy-neck characteristic^which does not appear in any species of Trrtdcum. 

The hairy-neck plants have been observed and reported rather frequently 

by many workers in this field. From his work on cytogenetics of Triticale, 

O 1Mara (1940, 1942, 1946, 1947, 1951) did a detailed cytological examina

tion on this particular rye chromosome in the wheat-rye hybrid chromosome 

complement. 'He reached the conclusion that this chromosome of Secale 

cereale had been added to the full cytological complement of Triticum 

aestavum in several separate fractions. The three types which produce the 

same hairy-necked phenotypes when added to wheat are s

a. The normal rye chromosome which has a subterminal

kinetochore and a very pronounced median and secondary

constriction.
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b. The long arm of this chromosome which.now has the 

same constriction in a sub-median position and a 

terminal kinetochdre at the end of the shorter arm.

c. Telocentric chromosomes constituting the long arms, 

and isochromosomes formed by these telocentric 

chromosomes.

The shorter arms of the chromosomes when appearing as telocentric 

or isochromosomes do not have the morphological effect.

Since this experiment involved treatment with x-ray irradiation, 

the cytogenetical changes of the wheat-rye hybrids should be more compli

cated than those hybrids of wheat and rye derived without the treatment of 

any mutagenic agent. Awareness of the fact that most of these wheat-rye 

hybrids of this experiment have recovered almost the entire wheat cytologi- 

eal complement, plus a few added rye chromosomes, most of the phenotypically 

identifiable mutations could be due to genetic recombination contributed by 

wheat chromosomes. Therefore, the knowledge of induced morphological and 

cytologieal changes in Triticum will be helpful when analyzing those muta

tions which are a result of added single rye or wheat-rye chromosomal 

interchanges. Various reports have been published in connection with this 

topic. Experiments have been conducted using different mutagenic reagents 

and different levels of wheat polyploidy. The induced mutations reported 

by different workers are very similar to each other no matter what mutagenic 

reagents and levels of wheat polyploidy were used in the respective experi

ment.
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A summary of the recent reports of Swaminathanil Pal, Sit ska, and 

Natarajan (1959), Smith (1942), Fryii (1954), Matsumura (1956, 1957) and 

MaeKey (1954) shows the following effects of irradiation on the morphology 

ically identifiable changes:

a. Speltoid and compactoid mutations 

b„ .Dense-eared mutation 

e . Lax-eared mutation

d. Mutations in awn

e. .Short-strawed mutation

f. Chlorophyll mutation

g. Other mutations

MacKey (1954) stated that the impulses of all these mutations 

were proved to be point mutations, visible deficiencies, deficiency-dupli

cations, duplications, aneuploidy, etc. Dense-eared, lax-eared, and short- 

strawed mutations were each proved to be regulated by several different 

lociI while speltoid, compactoid, and bearded mutations as well as transi

tions from spring to winter habit all proved to be monofactorially regulated. 

His study of chromosome IX permitted a revision' of the explanation of the 

speltoid and compactoid condition. Speltoids can be produced by simple, 

deficiency, deficiency-duplication, and probably also by gene mutation and 

chromosome substitution. While eompactoids can be produced by chromosome 

substitution, chromosome addition, simple duplication, deficiency-duplica

tion, or isochromosome formation. Speltoids can only occur in T. aestivum 

by an inactivation or loss of a certain factor, eompactoids only by a dupli

cation of the very same factor called Q. This gene on chromosome IX which
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MacKey has labeled as Q has a pleiotropic action affecting particularly 

density of spike, and size, shape, nervation, and keel-development of 

glume. In certain varieties it also determines the fertility -of the basal 

florets of the spikelets.

Elliott (1957) and Sears (1956) have been credited for their 

successful transfer of stem rust resistance from Agropyron and of leaf- 

rust resistance from Aegilops to common wheat, respectively. Both of them 

used x-ray as a tool to induce wheat-Agropyron and wheat-Aegilops chromo

somal interchanges. Selections of resistant types followed by cytological 

examination to search for translocated lines were the common characteristics • 

of their work. However, their work has brought intergeneric hybridization 

into a new era by using this crude tool of x-ray irradiation.

There is no doubt that x-ray can be used as a mutation inducing 

reagent. But much is to be known about the most effective means of using 

x-ray as a tool in plant breeding. In other words, the breeder is con

cerned about how to use this tool effectively so that it will cause the 

maximum mutations and minimum damage to the Viability of the breeding mater

ial. In case of the hexaploid wheats, MacKey (1958) reported that a cyto-
1

genetic examination of the induced multiple variation in the hexaploid 

wheat indicated that at least one-third to one-half of the eases are init

ially caused - b y 'reciprocal translocations which will indirectly give rise 

to complementary deficiency-duplicationsb The tendency of apparently 

independent mutations to also occur in clusters is in accordance with the 

higher mutational event per cell in the polyploids and their higher ability
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to tolerate multiple hits. A further characteristic of the induced visible 

mutations is their tendency to instability or ability to function as an 

incentive to further mutations. In this connection the above-mentioned 

deficiency-duplications seem to play a rather important role since they 

provide the formation of multivalents at meiosis with chances for various 

kinds of aneuploidy as well as for delayed terminalization followed by 

chromosome breaks. From a practical point of view, this frequent occur

rence of unstable mutations in polyploids is a definite drawback and has 

hampered several agronomically good mutations from being exploited.

MacKey (1958) further stated that there is no doubt that a few loci are 

responsible for a great many of the mutations in the hexaploid wheat and . 

that a recessive constitution of those loci would considerably decrease 

the total observable mutation frequency.
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MATERIALS M D  METHODS

Tritigum aestivum'L. ("Var. Togo) and Secale eereale L. (Var.

Dakold) were used as parental materials» Togo is a hexaploid (2n = 42) 

winter wheat. It is a mid-tall, white-stemmed, bearded, mid-dense to 

lax-headed, and red-kerneled variety, Dakold is a diploid (2n = 14) 

eross-pollinated winter rye. It is very winter hardy and is early in 

maturity. It has small bearded heads, slender white stems, and small 

light to dark brown kernels„ One of the visible distinctions of rye is . 

the hairy-neck characteristic which refers to the portion of the peduncle 

just below the head which is pubescent or covered with hairs.

Hybridisation was made in the summer of 1955« Fertile seeds 

were planted in.the fall of the same year. In 1956 Fg seeds from F^ 

plants were planted in the field. On August 20, 1958, F^ seeds from Fg 

plants were irradiated at four levels by the radiologist at Boseman Deaconess 

Hospital. Levels of irradiation,̂ rdentgens, length'of time used for each 
treatment,•and number of the plots in which X]_ seeds were planted are given 

in table I below,, .

Table I. Dosage in roentgens and exposure period-of the four levels of 
irradiation, numbers of the plots in which- the plants were 
grown, and percent survival of X^ plants.

Level of Roentgen Length of Time 
for Treatment

Seed Plot 
No.

% Survival 
of Xt Plants

I Control I, 5, 9 72
II 12,OOQr* 95 seconds 2, 6 • 54
III 14,OOOr 111 seconds- 3, 7 58
IV 16,OOOr 127 seconds 4, 8 47

Quantity of radiation expressed In. roentgen. units.'' : One roentgen-equals that
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quantity of x- or gamma radiation such that the,associated corpuscular
*

emission produces, in air, ions carrying one electrostatic unit of 

quantity of electricity of either sign (Osborne I960).

Irradiation was delayed until because of the small amount of 

Fg seeds available due to high sterility of F^ plants„

Equal numbers of 100 seeds from the respective levels of irradia

tion were seeded in the fall of 1958. A total of 231 plants, were harvested 

in 1959. Table I shows the number 1 of plants which survived in the field at 

the different levels of irradiation.

In the fall of 1959, F^ seeds from F^ plants exhibiting sterility 

were seeded in plant rows. There was a total of 114 rows seeded.

Within each plant row of F^ plants, evaluation for sterility was 

made at harvest time in 1959. Semi-sterile plants were harvested and 

threshed individually for later planting. The reason for selection of 

semi-steriles was based on some general concepts suggested by Dr. E. 'R. Hehn 

that the possibility of further translocations resulting from chromosome' 

imbalance due to presence of rye chromosomes or translocated segments would 

be greater and that the possibility of natural outcrossing to. rye or sib 

crossing would likely be increased. : -

There were 235 rows of Fg seeds from F^ plants and 59 rows of rye 

seeded in the fall of 1959. The design was such that one row of rye was 

seeded between every five rows of wheat-rye hybrids. This was intended to 

increase the percentage of natural outcrossing between wheat-rye hybrids and 

rye plants.
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The author started his work in the summer of i960. It was the. - ■ r- I . • » . 1. . 1 1. -  -

fifth hybrid generation and the third generation after irradiation. There 

were 235 plant rows and 3373 individual plants in the field. Observation 

was made on each wheat-̂ rye hybrid plant and visible mutations were recorded. 

Most of the wheat-rye rows showed uniformity in morphological appearance. 

There were variations in spikes within and among rows. Grassy and short- 

strawed plants and hairy-necked plants were scattered throughout the popu

lation. •

In an attempt to analyze the above-mentioned visible mutations, 

five individual plants from twenty rows plus a few individual plants repre

senting variation in spikes, grassy, short-strawed, and hairy-necked plants 

were selected for detailed study.

Spikes from each of these selected plants were collected and 

fixed in Carnoy1s solution* at the stage of development considered best 

for P.M.C. examination. These plant's were harvested and threshed individu

ally. „

One spike of each of these selected plants was backcrossed to 

Togo. seeds from the backeross as well as the F^ hybrid seeds from F^ 

selected plants were seeded separately in flats in the greenhouse on Sep

tember 16-17, 1961. These flats were moved out to the College Farm for 

vernalization on September 21, i960, and back in November I960. Temperature

* Carnoy1s Fixatives I part Glacial Acetic Acid
3'parts Chloroform 
6 parts Absolute Alcohol
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and lights were set in favor of plant growth. Spikes were collected from 

the selected BC^ plants for cytological examination. The same observations 

made on plants in the field were made on the plants grown in the green

house,

Cytological examinations were made primarily on pollen-mother- 

cells using the smear and squash method (Smith 1947). A few root-tips from 

plants of interest were examined using a squash method described by 

Markarian and Schulz-Schaeffer (1957).

Chromosomal aberrations, number of univalents,, bivalents, and 

multivalents were recorded as completely as possible for each of the 

examined plants.
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RESULTS

One hundred, seeds from each of the four levels of irradiation 

were seeded in the fall of 1958. A chi-square goodness of fit test of 

the observed surviving plants per 100 seeds to an expected equal survival 

in each treatment class resulted in a probability value of .10-.20 as shown 

in table II. This probability value indicates that the x-ray dosage levels 

used did not drastically impair plant survival.

Table IT= Chi-square goodness of fit test of the observed surviving
plants to an expected equal survival in each treatment class.

Levels of Treatment
Check 12.000r 14.000r 16.OOOr Total

Observed no. of 
surviving plants 72 54 58 47 231

Expected no. of 
surviving plants 57.75 57.75 .57.75 57.75 231
(O-E)2
E 3.516 0.243 0.001 2.001 5.76

x^ = 5.761 d.f. = 3  P =  .10-.20

The proper selection of the range of x-ray dosages does not - 

necessarily insure the occurrence of the highest frequency of mutations, 

with lowest frequency of chromosome aberrations. Wallace and Luck (1961) . 

stated that the problem is, as Conger (1957) emphasises, not only to induce 

mutations but to insure survival of the induced mutations. To be useful in 

plant breeding, mutations must not only be heritable and visible but must 

also be induced frequently enough for selection by the screening process.
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Effects of irradiation in the generations

In the third generation after irradiation had been applied,a 

total of 3373 individual plant progeny from semi-sterile plants were 

observed. Their distribution among levels of treatment are given in 

table IIIo

Table IIL Chi-square goodness of fit test between observed Xo plant 
progeny from semi-sterile Xg plants and an expected equal 
survival in each level of treatment.

Levels of Treatment
Check 12.OOOr 14.OOOr 16.OOOr Total

Observed no. of . 
surviving plants 1377 1032 658 306 3373
Expected no. of 
surviving plants 843.2$ 8&3.25 843.25 843.25 3373

E 337.85 4.22 40.7 342.29 725.06

x2 s= 725.06 d.f. = 3 F - <0.0005

From the result of the chi-square test, it is not suitable to

accept the hypothesis that equal numbers of semi-sterile plants survived ■ 

in the Xg and X^ generations„ It appears that irradiation may have caused 

chromosomal breakages and may have lead to lethality in plants. Examina

tion of the total number of plants in each-treatment showed that the number 

of surviving semi-sterile plants decreased as the x-ray dosages increased 

(Figure l)„

Careful observations were made on each of the 3373 plants.

The following'visible mutations were recorded, table IV.
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Table IV. A comparison of the morphological characteristics of Yogo 
wheat and the mutant types.

Character Yogo Wheat Mutant Types

Spike density mid-dense to lax . very lax clavate
■very dense 
compactoid 
suboompactoid

Awn bearded 3-10 cm beardless
semi-bearded <3 cm 

• hooded

Spelting not spelting speltoid

Stem waxy bloom, hollow, 
not grassy-like

solid stem green colored 
grass-like

Pubescence glabrous . hairy-necks the portion 
of the peduncle just below 
the head is pubescent

Kernel red-colored, , mid-long long

Plant height mid-tall short-strawed

Spikelet normal branched spikelet
abnormal formation of florets

Since the experiment was in the fifth generation after hybridi

zation and the third generation after irradiation, we may assume that the 

genetic constitution of the hybrids was such that the majority of the wheat 

chromosomes had been recovered and that rye chromosomes might be present as 

whole chromosomes or segments. This assumption may further be supported by 

the fact that morphologically these plants all appeared wheat-like except a 

small number of'\ plants which showed the hairy-neck characteristic suggesting 

the presence of a rye chromosome. Thus, the morphological characteristics
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of the parent Yogo can serve as the normal base, and any observed morpho

logical data which deviates from that of the wheat parent can be considered 

as a mutation. Two sources of mutations can be postulated. First.they are 

due to the effect of irradiation, and secondly they might be considered as 

a contribution of wheat-rye hybridization due to the disruptive effects of 

the rye chromosomes which might cause chromosomal structural changes. 

Mutations of this kind can be studied from the data observed in the treated 

populations. A comparison of the mutation rate in the controls versus the 

irradiated populations would indicate whether or not the x-ray treatment 

has had a significant effect in increasing the frequency of mutations.

Table. V ' shows the relative frequencies of different mutations observed 

in the controlled and x-ray treated populations.

Table V. A comparison of frequencies of mutation rate between the 
controlled and x-ray treated populations^

Type of 
Mutations

Total No. 
MutAnts ;

% of Mut. 
Control

% of Mut. 
x-ray

% of
Difference

Spike density 
Lax 639 21.44 78.56 57.12
Compactoid 40 23.53 76.47 52.94
Clavate 383 32.12 67.88 35.76

Abnormal spikelets 43 81,4 18.6* -62.8

Awn
Beardless 134 76.87 23.13* -53<74
Semi-bearded 686 32.65 67.35 . 34*7'
Hooded 37 10.8 89.2 . 78.4

Green-stemmed 213 56.8 43.2* -13 <6
Grassy-like 98 30.61 69.39 38.78
Short-strawed 25 32.0 68.0 36.0
Hairy-neck plants 19 10.53 89.47 78.94

2317 11.65 88.35 76,7

* A higher percentage of this type of mutants was found in the control.



Except for beardless$ green-stemmed, and abnormal spikelet' muta

tions , x-ray treatments increased the frequency of mutants„ Theoretically 

if there had been no hybridization between wheat and rye, the controlled , 

population would exhibit a small percentage of spontaneous mutations„ The 

frequency of mutations occurring in this experiment seemed to be much 

higher than can be expected from the normal rate of spontaneous mutations 0 

The presence of the rye chromosome complement in the hybrids had induced 

point mutation and chromosome aberrations in the wheat chromosome comple

ment « However, we may conclude that an appreciable increase in mutation 

rate had been induced by the irradiation treatments„

Careful classifications of the plants with respect to' variations' 

in spikes, awning, waxy bloom;'green-stemmed, grass-like, and short-strawed 

plantsI and plants with the hairy-neck characteristic are summarized in 

tables VI, VII, VIII, arid IX„

Table VI0 Frequencies of normal, lax, elavate, eompaetoid heads and
heads with abnormal spikelets within each level of treatment0

................24.

Levels of 
Treatment

Noo of 
Plants

%
Normal

%
Lax

% Com- 
mctoids

%
Clavate

% with 
Abn. Spike

Check - 1377 77.85 9.99 0.726 8.932 2.542
12,OOOr 1032 51.17 30.91 1.744 15.698 0.478
14,OOOr 658 70.67 17.93 1.677 9»422 0.304
16,000r 306 66.34 21.24 0.302 11.765 0.326
Total 3373 67.24 18.95 1.19 11.36 1.26
X2 725.6 64.022 137,23 8.47 26.6 29.68
Probability <0,0005 <0.0005 <0.0005 , <0.05 <0.0005 <0.0005
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Table VII. Frequencies of bearded, beardless, semi-bearded, and hooded
a m  heads within each level of treatment. —

Level of 
Treatment

No. of 
Plants

' % 
Bearded

%
Beardless

% Semi- 
Bearded

% Hooded 
Awn

Qheck 1377 75.96 7.48 16.27 0.29
12,OOOr 1032 75.87 0.97 21.90 1.26

IA,OOOr '658 71.4-3 2.13 23.56 2.89

l6,000r 306 70.92 2.39 26.47 0.33

Total 3373 74.59 3.97 20.34 1.097
X2 725.6 2.02 73.91 ■ 13.68 29.46

Probability <0.0005 .60-.50 <0.0005 <0.005 <0.0005 ■

Table VIII. Frequencies of waxy bloom and green-stemmed plants within each 
level of treatment.

Level of Total Np. % of Waxy ' % of Green-
Treatment of Plants Bloom Stems Stemmed

Check 1377 ' 91.21 8.79
12,OOOr 1032 97.1 2.9

14,000r 658 91.64 8.36

16,000r 306 97.71 2.29
Total 3373 93.69 6.31

X2 725.6 1.85 83.48
Probability <0.0005 .70-.6b <0.0005
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Table IX. Frequencies of grass-like, short-strawed, and hairy-neck 
plants -within each level of treatment.

Level of 
Treatment -

Total No. 
of Plants

% Grass-like . 
Plants

% Short- 
Strawed

' % Hairy- 
Neck

Check 1377 2.18 0.58 0.15

12,OOOr 1032 3.01 0.39 0

14,OOOr 658 4.10 - 0.91 0

16,OOOr 306 3.27 2.29 5.6

Total 3373 2.91 0.74 0.53

X2 725.6 5.929 12.46 143.9

Probability 0.0005 .20-.10 0.005 0.0005

Each number in the tables VI, VII, VIII, and IX-is the percentage 

of the total number of plants within that class. A graph is drawn for each 

of these tables to show the relative frequency for a certain type of muta

tion within each treatment. Comparisons between treatments for a certain 

mutation will show what level of irradiation is likely to induce a relatively 

high frequency of a specific type of mutation.

The chi-square goodness of fit tests in the above.tables were 

calculated on the basis of real number of observations instead of percent

ages. Expected number of observations were adjusted according to the ratios 

of plants between the treatments. There was satisfactory fitness between 

treatments in the case of bearded heads, waxy bloom plants, and grass

like plants. Bearded and waxy bloom were both normal characteristics of 

the parents, while the grass-like characteristic is not present in either 

of the parents.
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Figure 2. Frequencies of mutations in spike density in the
generation.
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Figure 3. Frequencies of mutations in awn in the generation
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Figure 4. Frequencies of mutations within different levels of 
treatment in the selected population.
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Figure 5. Frequencies of mutations within different levels
of treatment in the population.
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Of all the spike density mutations Shownjl the highest mutation 

frequencies were induced by the 12,OOOr treatment except in the case of 

abnormal spikelets, According to MacKey (1954)? dense-headed, lax-headed 

mutations were shown to be regulated by several different loci. Hence, 

from the above results it seems that a dosage of 12,OOOr is suitable for 

use in inducing high frequencies of mutations. Furthermore,, examination 

of the total number of plants existing in the generation showed that 

this level of irradiation had the least deleterious effect upon the sur

vival of the mutants, There was a total of 1032 plants in this treatment ■ 

which was slightly lower than the number of plants in the controlled 

population, while there was only a total of 6$8 plants and 306 plants in 

the 14?OOOr and 16,OOOr treatments, respectively.

It is rather striking that in the control there was the highest 

frequency of beardless mutations which is a deviation from.both parents. 

There is no way to explain this situation but to assume that there were 

spontaneous changes'in chromosomal structure possibly due to the effect 

of rye chromosomes. Without the support of.eytologieal evidence it is 

impossible to explain this phenomenon at this time.

Effects of irradiation in the selected Xo generations

For detailed study of the visible mutations a sample of 20 rows 

were selected from the X^ generation. Morphological as well as eytologieal 

studies were made on five individual plants in each of these selected rows. 

Selection was made on the basis, of the variations shown in head types and 

some other characteristics which showed deviations from the wheat parent,

• It was assumed that this selected population was actually a sample selected



at random from the population constituted by. plants exhibiting mutations =

In other Words5, the selected plants in each level of treatment were the 

representatives of mutants of that level of treatment» In addition to the 

above mentioned classifications of mutationss it was possible to classify 

the speltoids out of these selected plants. According to the recent find-.I
ings of MacKey (1954) the speltoids can only occur in T. aestivum by an 

inactivation or loss of the factor Q which is supposedly on Chromosome IX- 

(SA)^ J and the cdtipaotbids only £>y. a duplication of this very same factor. 

And furthermores this factor Q has a pleiotropie action affecting particu

larly density of spike and size, shape, nervation, and keel-development of 

glume o Consequently, high mutation rate of speltoids and compactoids in a 

certain level of treatment would suggest that a higher frequency of chromo

somal interchange has been induced by that level of treatment.

Figure 4 shows the frequencies of mutations within each level of 

treatment in the selected population. Frequencies of speltoids, com

pactoids, dense-headed, lax-headed, and hooded awn mutations in the non- 

irradiated treatment were the lowest, and in fact, they were all close to 

zero except for a fairly high frequency in the lax-headed mutation. There 

were small differences between the frequencies of the clavate headed muta-> 

tion. However, the highest frequency in beardless mutation was observed in 

the non-irradiated treatment, while the 12,OQOr treatment was again, shown ' 

to be able to induce the highest frequencies among other mutations. *

32 ... ........

* 5A is the internationally accepted new nomenclature of wheat chromosomes.
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Effects of irradiation in the X 1 generation.— 4"
Observations were also made on plants of the X̂ . generation from 

the selected plants» The same classifications were used. Results were
I

much like those obtained in the selected X^ generation except that there 

were hardly any beardless mutants observed, and the number of speltoids 

observed increased in the non-irradiated .treatment, Figure 5 shows the 

frequencies of mutations within each level of irradiation treatment, 

Cytological examination of the selected Xo -plantss

A eytological examination was made of each of the selected X^ 

plants, As stated in the preceding paragraph, the selection of. the X^ 

plant rows was made mainly on the basis of variation' shown in head type. 

Aberrant chromosomal configurations were expected.

Univalents were the most frequent aberrant chromosomal config

urations observed in all the materials examined. The number of these 

unpaired chromosomes ranged from 1-5, varying from samples taken from dif

ferent plants. They appeared in the meiotic metaphase I as unpaired chrom

osomes orienting themselves off the equatorial plate. They lagged behind 

during the poleward movement and often formed micronuclei, In a few cases, 

these unpaired chromosomes would tend to behave as a separate group of 

chromosomes and to form a very big micronucleus suggesting the non-homology 

between chromosomes. Telocentric as well as isochromosomes resulting from 

misdivisions of these univalents were also observed (Figure 7D).

Multivalent associations in the form of rings of three, four, and 

six, and chains of three, four, five, and six were observed rather.frequent

ly in the meiotic metaphase I in the samples from plants exhibiting mutations
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in head type. These multivalent associations in the form of rings and 

chains would certainly suggest the possibility of chromosomal interchange 

induced by irradiations. However, it is interesting to observe that a high 

percentage of multivalent association was also observed within the non™ 

irradiated material as shown in table X,

In some of the cells examined, it was possible to count the 

number of chromosomes at meiotie metapha.se I, Addition lines having more 

than 21 pairs of chromosomes were obtained. The number of these extra 

chromosomes in different plants ranged from 1-4, Most of them were in the 

form of univalents, Some of them were in the form of telocentric and iso- 

.chromosomes (Figure 6, 7). x

Table X is a summary of the average number of univalents per cell 

and the percentage of plants showing multivalent association at metaphase I 

"'observed from samples taken from each selected Xo plant, The number of fer

tile florets per spikelet is also included.

Table X, Average number of univalents per cell, percentage of plants 
showing multivalent association at meiotie metaphase I, and 
number of fertile florets per spikelet observed among the 
selected X^ plants.

Level Av. No, of % Plants showing No, Fertile
of Univalents Multivalent As.soe. Florets per

Treatment Meiotie M  I at M I . Spikelet

Check 1.84 48 2.35
12,OOOr 2.09 50 2.68
14,OOOr 2.80 77 2.75
16,OOOr 2.74 54 2,44

Average 2.37 59 2.56
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-I

■ The combination of mutations expressed, in variable head types 

were many and varied« The results of the cytological examinations reported 

in table XT suggest that these variations in head types induced by irradi-r 

ation treatment all appear to involve chromosomal interchange. With 

information available from the previous reports on the speltoids and com- 

Pactoids5, and the genes responsible for density of spikes and awning, it 

would seem reasonable to assume that most of these interchanges were 

between wheat chromosomes. However,,in the cases of clavate heads, beard

less, and grass-like plant mutations, there are reasons to suspect that 

these interchanges were probably between wheat and rye chromosomes. These 

reasons are (l) highest frequencies of these mutations occurred in the non- 

irradiated materials, (2) in no cases were these plants classified as 

speltoids or compactoids which condition is definitely due to chromosomal 

interchange between wheat chromosomes, (3) the grass-like characteristic 

which also appeared in the hairy-neck plants suggesting that the gene con

trolling this characteristic is probably carried on one of the rye chromo

somes, and (4) irradiation treatments do not seem to affect the frequencies 

of grass-like plants between treatments (Table IX).

No multivalent configurations were observed from samples taken 

from hairy-neck plants. This suggested that at least, one of the unpaired 

chromosomes was the rye chromosome. It was possible to recognize this 

■particular chromosome by means of the descriptions given by O 1Mara (1940) 

(Figure 6, 7).

Table XI shows some associations of the visible mutations and 

their chromosomal constitutions observed at metaphase I among the selected
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plantso The table was constructed on the basis of the relationship 

between types of visible mutations and their typical chromosomal consti

tutions O

Table Xl„ Some associations of the visible mutations and their chromo
somal constitutions observed among the selected X^ plants at 
metaphase I.

i960
Row 
No 0

Morphologically
visible
mutations

Chromosomal 
configo at 
Metaphase I

Chromo
some
No. •

No. fertile 
florets per 
spikelet■

19-2 beardedp clavate 
heads

4 univalents, 
chain of 4? 
ring of 4

H  II, 2 IV,
4 I

19-3 tt chain of 4? 
ring-of 4

0.17

19-5 11 chain of 5,
3 univalents

1.57

272-1• bearded dense
eared s clavate 
heads

multivalent in 
chain Config0, 
2 univalents

2.81

272-2 11 ring of 4 1 2.50

97-1 it chain of 4s 
2 univalents

2.57

90-3 11 chain of 4,,
2 univalents

2.85

173-3 beardless $ lax
eared y clavate 
heads

multivalents in 
ring configo, 3 
univalents

2.88 ■ '

230-3 hooded5, semi- 
bearded, clavate 
heads

multivalents in 
ring configuration 3.50

97-2 11 multivalents in chn0 '2.67.

63-1 beardless eom- 
paetoids

multivalent in chain 
Config0, 2 univalents

2.94

continued—
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63-3 semi-bearded 
compactoids

multivalent in ring 
config,, I unival.

18 II, I I 
I multival.

2.19

63-4 beardless eom- 
pactoid

multivalent in ring 
configuration ■

2.75

285-3 beardless
speltoid

chain of 4, chain 
of 6, 2 unival.

16 II, I IV 
I raultival=

3.13"

97-5 beardeds lax- 
headed, speltoid

multivalent in 
chain config,

2.50

253-1 semi-bearded, 
very lax-headed ■ 
speltoids I

chain of 4? chain 
of 3 , 1  unival.

17 II, I IV, 
I III, I I ■

2.85

253-2 Ofl multival= config. 2.85

253-3 H chain of 6, I unival. 2.70
253-5 01 chain of 4 3.70
288-4 beardless, nor

mal heads
chain of 4, ring 
of 4 '

19- II, I IV 2.08

117-1 it multivalent config.' 2.30

278-1 bearded, hairy- 
neck heads,. 
grassy plants

2 univalents 21 II, 2 I 1.83

278-2 to 2 univalents 21 II, 2 I. 2.16

278-3 ifl * 2 univalents 21 II, '2 I ■ 1.33
278-4 18 4 univalents 21 II, 4 I 3.17
278-5 Vfl 4 univalents 21 II, 4 I 2.57..

185-1 beardless head, 
grassy plants

multivalent in 
chain and ring 
configuration

20 II, I mul
tivalent

3.20'

185-2 10 10 2.85
185-3 00 00 ' '3.07
185-5 1 8 chain of 4, ring 

of 4, 2 unival.
15 TI, 2 IV, 
2 I

2.40



Cybological examination of

. There were several individual plants exhibiting the rye-' 

characteristic hairy-neok in addition to the No. 278 row in the X^ genera

tion. Attention was paid to these individual plants as well as the pro

genies of plants in row No. 278. In order to count the chromosome number 

in the mitotic cells, a cytological examination of root-tips was made.

The results are shown in the following table.

Table XII. Chromosome number in the mitotic cells of plants 
exhibiting the hairy-neck characteristic.

I960 Plant 
Number

Chromosome
Number

282-2 2m ~ 44*
278-2 Zn a 43, 44

278-3 2m = 44, 46

278-4 2n = 43, 45

278-5 2m = 43

* 10 counts were made for each plant number.

The chromosome number in mitotic cells of these plants ranged 

from 2n = 43-46 indicating the addition of rye chromosomes to the full 

complement of wheat chromosomes.

There is further supporting evidence for this statement. It was 

possible to cross one of these hairy-meek plants with-rye. Two seeds were 

obtained. These two seeds were planted with the other backcross progenies., 

Spikelets were taken from one of these two plants exhibiting the hairy-neok
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characteristico In anaphase I there were four bivalents lagging behind 

and late in dividing. In telophase II there were eight micronuclei con

stantly formed. This indicated that there was pairing between the four - 

rye chromosomes present in the hybrid and the four chromosomes of the rye 

genome introduced into the backcross by the rye parent. These results 

suggest the possibility that 'most of the univalents appearing in the 

wheat-rye hybrids were actually unpaired rye chromosomes. These rye chro

mosomes do not necessarily include the one which bears the gene governing 

the hairy-neck characteristic, As a matter of fact, they might be bear- ■ 

ing some other characteristics which are not visible.

Other hairy-neck plants in the generation were crossed with 

the wheat parent Togo, Only one backcross plant exhibited the. hairy-neck 

characteristic, Observation of the chromosome behavior in meiosis of 

this plant showed no multivalent configuration while progenies from the 

backcrosses which did not express the hairy-neck characteristic showed 

some multivalent configurations. These results confirm the observation . 

that the rye chromosome1' bearing the gene governing the hairy-neck charac

teristic was added into the wheat chromosome complement as a whole or part 

of an individual chromosome and not as the result of a segmental interchange, 

The most interesting mutation observed was the clavate-headed 

mutation. The data in table VI and the graphic presentations in Figures 

2, 4? and 5 indicate that the percentages of this type of mutation did not 

differ greatly between the x-rayed populations and the control. There 

were 15,698% of the plants with clavate heads found in the 12>OOOr level,
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•while there were S6932%, 9=422%, and 11.765% of the plants with clavate 

heads found in the check, 14,OOOr, and l6,000r treatments, respectively.

A cytological examination of this type of plant in the 

generation showed that without exception that clavate-headed plants were 

associated with multivalent configurations at meiotie metaphase I.

These multivalent configurations often appeared in the form of chains.

Of the samples examined in row No. 19, which belonged to the check treat

ment, there were chains of five and six chromosomes observed. These long 

chains of chromosomes would suggest the possibility of being the resultant 

configurations of tertiary trisomes, and reciprocal translocation involv

ing a pair of chromosomes and another chromosome, respectively. These 

plants were examined again in the generation.

Trisomic configurations were again observed. These trisomic 

configurations were in the form of a ring and a rod suggesting homology 

between the two arms of the two chromosomes forming the ring and one arm 

of the rod-shaped chromosome, and non-homology between the other two arms 

forming the ring shaped chromosome and another arm of the rod-shaped chromo

some. The chromosome complement of all these plants exhibited 20 bivalents 

plus I trisome, Some of the cells observed in row 19 showed in anaphase I 

that there were two separate groups of chromosomes at one pole suggesting 

non-homology between chromosomes. The fertility of these plants was low 

in that only 0.75 fertile florets per spikelet were observed.

The above mentioned observations seem to support two propositions-r- 

first, the clavated heads are the product of chromosomal interchange; 

secondly, the interchange might involve wheat and rye chromosomes. From .
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the previous studies, it was made known that oompactoid is the product 

■of the duplication of the Q factor which is on chromosome IX in the 

wheat chromosome complement. Since morphological observation showed that 

the Melavate1! heads are compact at the tip of the spike, there might be 

suspicion that the clavate heads are also due to the duplication of 

this very same factor Q. If the plants are in the homozygous .condition 

with the Q factor duplicated, they should be classified as compactolds 

according to MacKey (1954) and others. But what would they be if the 

plants are in homozygous condition resulting from a reciprocal translo

cation between the segment bearing this factor Q and another segment of 

another chromosome? Could it be possible that clavate heads,in this 

experiment are associated with this type of chromosome constitution?

The answer to this question is probably negative because if it is true, 

there should be no multivalent configurations observed if the particular 

plant has no other mutation. But there will be a ring of four in the 

backcross,

The following example probably will throw some light on this 

question, No, 142 in the generation was classified as a oompactoid,

This plant was backcrossed to logo, Cytological examination of the samples 

taken from,the backcross showed that there were two multivalent configura

tions in the form of a ring of three and chain of three, respectively.

And it was possible to observe one iso-chromosome lagging behind in the 

first division. It seemed that the ring of three was due to this iso

chromosome, and this -iso-chromosome was formed by the one arm of chromosome 

IX (MacKey 1954).
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Morphological characteristics confirm this observation. The 

backcross plant was classified as a siib-compactoid with clavate character

istics, Oareful1 ■examination of the compactoids leads to an' explanation. 

There were two kinds of compactoids found--one is with clavated heads 

and the other kind is without the clavate characteristic (Figure 9D and 

Figure IOH), , This fact explains why there was another multivalent associ

ation of a chain of three, , It seems reasonable to assume that the clavate 

characteristic observed in this experiment is not a product of the 1Q factor 

which is a compactoid promoter and speltoid suppressor.
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Figure 6» Photomicrograph 
showing the chromosomal configu
rations of a hairy-neck plant»

Ac Metaphase I showing 4 uni
valents,

B, Anaphase I showing the giant 
rye chromosome.

-  / "

C, Metaphase I of another cell showing the two univalents having the 
same shapes as those two univalents shown in A,

D„ Late anaphase I showing the lagging chromosomes which are believed 
to be rye chromosomes.



44

/'V '
% • *  ,

Figure 7. Photomicrograph showing the 
pairings between a bivalent and a uni
valent, and an iso-chromosome configu
ration.

A and C. Metaphase I configurations 
showing the pairing between a 
bivalent and a univalent.

B. Anaphase I configuration showing 
the hetromorphic bivalent.

D. Anaphase I configuration showing 
an iso-chromosome derived from 
the long arm of the rye chromo
some bearing the hairy-neck gene. .Ki
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Figure 8. Photomicrograph showing the chromosomal configurations of a 
clavated compactoid plant and a hairy-neck plant with 21 bivalents 
plus I univalent.

A. A clavated subcompactoid plant showing a ring of four and a trivalent 
association at meiotic metaphase I.

B. Another cell of the same plant showing a ring of three and a long chain 
at meiotic metaphase I.

C. A hairy-neck plant showing 21 bivalents plus I univalent at meiotic 
metaphase I.
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Figure 9. Photograph showing variations in head types of the 
wheat x rye derivatives.

A. Normal spike of Yogo wheat.
B. Normal spike of Dakold rye.
C. A wheat-Iike spike with the rye characteristic 

"hairy-neck".
D. From right to left, speltoid, hooded awn, compactoid, 

bearded clavated dense spikes.
E. A spike with the branched spikelets.
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Figure 10. Photograph showing different types of clavated heads.

A to E. Different types of clavated heads,

F. A semi-bearded spike with 24 spikelets.

G. A compactoid with abnormal formation of spikelets.

H. A sub-oompactoid with clavated tip.
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Effects of irradiations in visible mutationsg

In the generation the highest mutation frequency was found to 

be the lax-headed characteristic. Only the selected plants were classi

fied for the speltoid characteristic in the- field. In the X^ generation 

of the selected plants it was found that speltoids were almost all lax- ■ 

headed. It seemed that the frequency of the lax-headed mutation in the 

total- population .of the X^ generation was a pooled observation of speltoid 

and lax-headed mutations.

MacKey (1954) induced a total of 1949 mutants in., hexaploid 

wheats of which 35% were lax-headed, 28.3% speltoid, 19.7%'dense-headed., 

14.1% short-strawed, about 27.8% awned, and 0,2% chlorophyll mutations 

in the Xg generation, While, of the 2317 mutants observed in the present 

experiment in the X^ .generation, 27,6% were lax-headed, 1.7% compactoids, 

16,5% clavate-headed, 1,7% abnormal formation of splkelets, 5.8% beardless,' 

29.6% semi-bearded, 1.6% hooded awn, 4.2% grassy plants, 1,1% short-strawed, 

0.82% hairy-neck plants, and 9.2% green-stemmed mutations, A comparison of 

results obtained in this experiment with MacKey1 a results showed that■the 

mutation rate in lax-headed, short-strawed is lower and the mutation rate 

in awn and green-stemmed mutations is higher in this experiment.

The two varieties used by MacKey were all beardless, and he 

observed 27.8% awned mutations. In the present experiment the two parental 

varieties used were bearded. 5.8% beardless, 29.6% semi-bearded, and 1.6% 

hooded awn mutations were observed among a total of 2317 mutants, giving a
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total of 37% in awn mutations, There were some mutations observed which 

were not reported by MacKey and other workers in their irradiation experi

ment of hexaploid wheats= These were clavate-headed, grassy, and hairy- 

neck mutations= Thus, there is reason to believe that grass-like and 

clavate-headed mutations are due to the effect of rye chromosomes.

Introgressions were also observed in the field. Among these, 

plant height, number of spikelets per head, and,size of the kernel seem 

to be of value for further investigations = Since height of rye plants 

is higher that that of the Yogo wheat, this might serve as an additional 

criterion in searching for rye characteristics in the wheat-rye population. 

For example, a spike taken from row No, 253 in the generation was found 

to have an average of 24 spikelets per head (Figure IOF)= From a breed

er’s point of view, it is also of value to seek this type of mutant in 

the present population.

The possibility of wheat-rye segmental chromosome interchange induced bv 
irradiations t

The percentage of plants showing multivalent configuration was 

found to be very high= An average of 50 percent of the observed plants 

were found to exhibit multivalent configurations at meiotio metaphase I.

But from a purely intergeneric hybridization.point of view, this crude 

tool of irradiation did not seem to increase significantly enough the rate 

of segmental chromosome interchange = There was a considerable number of 

mutations which occurred in the controlled treatment, especially grass

like plants and clavated heads which are suspected of being due to the pre

sence of some portion of the rye genome =

iissce
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Cytological examinations' showed that the percentages of plants 

showing multivalent associations at metaphase I were just slightly lower 

in the control than in the x-rayed material. However, a larger amount 

of the visible mutations in the x-rayed.material was suspected of being 

due to wheat-wheat segmental chromosome interchange, On the contrary, 

there were fewer such mutations found in the control treatment which • indi

cates that wheat x rye hybridization in itself Induces a high frequency of 

segmental chromosome changes between wheat and rye chromosomes,

A controlled experiment designed to compare rates of mutation 

might lead to a conclusion. If the result confirms, the findings of this 

experiment, then the effectiveness of applying irradiation to induce 

higher segmental chromosome interchanges between chromosomes of different 

genera in an intergeneric hybridization program will be questioned.

Sears(1956) and Elliott (1957) succeeded in transferring disease resist

ance into wheat by irradiation. Their methodology was to find the desirable 

plants first and then to apply irradiation as a tool to cause chromosomal 

Interchange just between that particular foreign chromosome and- the wheat 

chromosomes. In that case irradiation was the only and the best method to 

induce chromosomal interchanges. There is no doubt as to what irradiation 

can achieve, but when and how to apply it will vary depending upon the pur

pose of the experiment.and other factors affecting a breeding program.
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SUMMARY

Several morphological mutations were observed among the 

progeny from semi-sterile Ig plants, derived from irradiated wheat x 

rye derivatives„ Cytological evidence'indicates that some of the muta

tions are the result of either structural changes of the wheat chromosomes, 

segmental interchange of wheat and rye chromosomes, or single rye chromo

some additions, .Speltoid, compactoid, dense-headed, lax-headed, and awn 

mutations were determined to be the result of wheat chromosome structural 

changes as well as point mutations. Grass-like,:, clavate-headed mutations 

were suspected to be the result of wheat-rye segmental interchanges. The 

hairy-neck characteristic was proven to be affected by the presence of. 

either an entire or a portion of the giant rye chromosome.

There were differences in mutation rate between the x-ray treated 

and the non-treated X„ populations. Mutation rates in the non-treated 

population, however, were much higher than the expected spontaneous 

mutation rate. The 12,OOOr level seemed to be the most suitable dosage to 

induce high frequencies of viable mutations.

Addition lines were obtained. Their chromosome numbers ranged 

from 2n = 43 to 2n = 46,

Selection of semi-sterile plants in succeeding generations would 

seem to be an effective force for increasing the possibility of segmental 

interchanges. The addition of rye chromosomes into the wheat chromosome 

complement would seem to serve as a mutation inducing force,. These two 

assumptions are worthy of further investigation in the interest of strenghen 

Ing the methodology of intergeneric hybridization.
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