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ABSTRACT
The smaller and more shriveled seed of the primary
trisomic 6 in barley (Hordeum vulgare L.) were treated with
the chemical mutagen diethyl sulfate.

seedlings

exhibiting the characteristic small first leaf of a
trisomic 6 seedling were selected.

Cytological examination

of the selected plants indicated that the per cent of
trisomics in this population was significantly increased by
selecting for seed and seedling characteristics..
Seed from individual trisomic spikes were planted
in Mg rows and the rows were scored for mutations.
Progenies from trisomic plants heterozygous for one of the
albino mutants segregated in trisomic ratios.

This indi

cated that the. albino mutant is located on chromosome 6,
Sufficient data were available for five other mutants to
show that they were not located on chromosome 6,

The

progenies from plants of trisomic 6 which were heterozygous
for either of these five mutants segregated in disomic
ratios.

.

'

The randomness or non-randomnesS of inducing
mutants on chromosome 6 could not be studied with the low
number of mutants for which the presence or absence of the
mutant on chromosome 6 was determined.

INTRODUCTION
Mutants in barley (Hordeum vulgare L„) are con
tinually being obtained, studied, and assigned to
chromosomes,

At the present time, 144 mutants have been

assigned to the seven chromosomes of barley„

The 144

mutants are distributed among the chromosomes as follows:
25 are on chromosome 1, 26 are on chromosome 2, 28 are on
chromosome 3, 20 are on chromosome 4, 16 are on chromosome
5, 8 are on chromosome 6, and 21 are on chromosome 7«

This .

distribution of mutants implies that the mutants are
randomly distributed among all the chromosomes with the
'
' i
possible exception of chromosome 6. Chromosome 6 is nearly
equal in length to the other six chromosomes,

Therefore,

differences in the number of assigned markers is probably
not due to chromosome length.
The purpose of this study is to investigate a
method of obtaining marker genes on chromosome 6.

The

method involves the induction of mutants in seed which
carry an extra chromosome *6«,

In seed containing an extra

chromosome 6, all the loci which are located on chromosome 6
are represented three times, .The remaining loci, located on
the other six chromosomes, are represented only twice,
Therefore, segregation in the M^ generation of a mutated
':

1

locus on chromosome 6 will differ from that of a mutated
locus on one of the other six chromosomes„
A mutated locus on chromosome 6 will segregate in a
ratio of about 11 normals to 1 mutant in the M

2

generation

if the mutant is recessive and 11 mutants to 7 normals if
it is a dominant mutant.

In contrast, a mutated locus on

one of the other six chromosomes will segregate in a ratio
of 3 normals to 1 mutant if the mutant is recessive and 3
mutants to 1 normal if the mutant is dominant.

These ratios

can be distinguished with a relatively low number of plants,
This facet allows for the screening of many mutants on a
particular chromosome without expending a great amount of
time and effort.
In barley, chromosomes 6 and 7 are involved with
nucleolus formation.

Of the two, chromosome 6 i;s jnore fre-r

quently associated with the nucleolus and is thought to be
the stronger nucleolar organizing chromosome,

This leads

one to question if the DMA material of chromosome 6 codes
primarily for processes involving nucleolar formation,
rather than code for morphological characters,

To answer

this question more marker genes need to be obtained on
chromosome 6.

A rapid and simple way of obtaining more

marker genes on chromosome 6 is through artificial induction
in seed carrying an extra chromosome 6.

LITERATURE REVIEW
The induction of mutations in barley has been
studied using many different types of mutagenic agents„
Different forms of radiation, i.e.. X-rays, gamma rays,
fast neutrons, thermal neutrons, and alpha particles, have
been used extensively to induce mutations.

These types of

mutagenic agents increase the frequency of gene mutation,
However, they also produce a relatively high frequency of
chromosomal aberrations that are often not desired (see
Nilan, 1964, for a review].
The other most widely used mutagenic agents are
chemical mutagens, which tend to produce fewer chromosomal
aberrations than radiation.

Also,, some of the chemicals

induce a higher frequency of gene mutation than does
ra,dilation.

Many chemical agents that act as mutagens are

readily available.

Ethyl methanesulfonate, diethyl sulfate

(Nilan, 1964} and sodium azi.de (Nilan et al., 19731 appear
to be the most efficient in producing mutations in barley.
Diethyl sulfate (dES1 is nearly as efficient in producing
mutations as ethyl methanesulfonate or sodium aside, and
the cost of treatment with dES is much lower than with the
other chemicals,

The mutation spectrum of dES is very

similar to the other chemicals (Nilan, Kleinhofs, and
'
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Sander, 1975]; however, it induces a slightly higher fre
quency of chromosomal aberrations (Bilan, 1964)„
The types of mutations expected from treatment with
dES are no different from those that have been found to
occur naturally, but, as with other mutagens, it simply
increases the mutation frequency (Constantin, 1975).
Chlorophyll deficient seedlings are the most frequently
observed mutants in barley.

Most reports describe mutagenic

efficiency in terms of this class of mutants.
The mutagenic efficiency of dES has been reported
in many different forms.

Mutation rates per 100 M^ plants,

per 100 M^ spikes, and per 100 Mg seedlings are the most
common methods of reporting mutagenic efficiency.

The'

figures reported for these measurements of mutagenic
efficiency vary with treatment procedures and concentration
of the mutagen.

Mikaelsen, Ahastrom, and Li (1968) obtained

values of seedling lethal mutations ranging from 7.3 to
31.9 per 100 M^ plants, 2.9 to 13.4 per 100 M^ spikes, and
.31 to 1,4 per 100 Mg seedlings by varying treatment pro
cedures,

Higher mutation rates of 28 to 43 seedling

lethals per 100 M^ spikes have been obtained by increasing
the concentration of dES (Milan, 1964],

Male sterility

mutants occur at a rate of about one-third to one-sixth the
rate of seedling lethal mutants (Yamashita, 1975].

Other

mutant types occur at lower rates and the rates of their
occurrences are not usually reported,

Many of the induced mutants have been studied more
thoroughly and some have been assigned to their respective
chromosome (Tsuchiya and Haus, 1976).

There are 144 genetic

markers that have been assigned to the chromosomes of barley.
Of the 144 markers, 45 are the direct result of some form of
induced mutation (summary of linkage data presented in
volumes 1 through 6 of the Barley Genetics Newsletter).
These 45 mutants are distributed fairly equally among the
seven chromosomes (Tsuchiya and Haus, 1976).
The distribution of marker genes among chromosomes
has been studied in diploid species of plants for which
large amounts of genetic information are available (Rick,
1971).

Rick (1959) showed that out of 18 spontaneous

seedling mutants in tomato, 6 were located on chromosome 2.
This indicated a possible non-random pattern of gene dis
tribution in the tomato genome.

He was later able to show

non^random distribution of 233 mapped genes in the tomato
(Rick, 19711.

Chromosome 11 had an abnormally high number

of marker genes and chromosomes 3 and 12 had an abnormally
low number.
A similar non-random distribution pattern has been
observed in corn.

Chromosome 8 contains a low number of

markers and chromosome 10 contains a relatively high
number (Neuffer, Jones, and Zuber, 1968).

However, the

extensively studied R locus on chromosome 10 might account
for the excess of markers on chromosome 10 (Rick, 1971).

6
Evidence has accumulated from several studies that a
similar non-random distribution of genes may be present in
barley.

Robertson, Wiebe, and Immer. (1941} prepared a

summary of the seven known linkage groups, Roman numerals
I through VII, in barley.

Burnham, White, and Livers

(1954) assigned temporary letters, a through g, to the seven
chromosomes of barley by Intercrossing several induced
translocations,

Tjio and Hagberg (1951) and Burnham and

Hagberg (1956} assigned numbers to the seven chromosomes of
barley based on somatic chromosome morphology.

By 1956

(Burnham and Hagberg, 1956), the correspondence between the
linkage groups (Robertson, Wiebe, and Shands, 1955), the
temporary letter designations (Burnham et al,, 1954), and
the numerical designation based on chromosome morphology
(Tjio and Hagberg, 1951; Burnham and Hagberg, 1956). had been
established.

According to Burnham and Hagberg (1956) two

of the linkage groups reported by Robertson et al.

(1955),

i.e.. Ill and VII, were found to be carried on one
chromosome, chromosome b.

This chromosome was later

determined to be chromosome 1 (Ramage, Burnham, and
Hagberg, 1961),

Also according to Burnham.and Hagberg

(1956)., the g chromosome, which was designated chromosome
6, did not carry a known linkage group.

These relationships

were later confirmed through trisomic analysis (Tsuehiya,
196Q1,

.•
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In the process of location of genes on the chromorsomes of barley, a non'-random distribution has- developed „
Chromosome 6 has a relatively low number of genes a signed
to it (Tsuchiya and Haus, 1976}„

At the present time, there

are 144 located genes in barley.

They are distributed among

the chromosomes in the following manner: 25 are on chromo
some 1 , 26 are on chromosome 2, 28 are on chromosome 3,
20 are on chromosome 4, 16 are on chromosome 5, 8 are on
2
chromosome 6 , and 21 are on chromosome 7, The X value
. for a fit to equal distribution of these genes among the
seven chromosomes is 13,792 with 6 degrees of freedom.

The

probability that the 144 genes are distributed at random is
between ,05 and ,025, indicating a non-random distribution,
If chromosome 6 is omitted in the calculation of a

value

for a fit to equal distribution of. the 136 genes among the
remaining six chromosomes, the X
degrees of freedom.

2

value is 4,38 with 5

The probability that the genes are

distributed at random among the other six
between ,50 and ,25,

chromosomes

is

Therefore, chromosome 6 is the major

cause for the deviation from random distribution*
Chromosome 6 is nearly equal in length to the other
six chromosomes (Tjio and Hagberg, 1951), so length can
probably be disregarded as a cause of this non-random
distribution.

It may be possible that this non—randomness

results because chromosome 6 is a nucleolar organizing

8
chromosome.

However, no similar relationship has been

shown to occur in tomato or corn (Rick, 1971).
Morgan (1910) obtained linkage data between the white
eyed character and sex in Drosophila melanogaster and
hypothesized that the white eyed character was carried on a
specific chromosome, the X chromosome.

Bridges (1916) was

able to prove this hypothesis by combining linkage data and
cytological observations from Drosophila meianogaster that
were trisomic for the X chromosome, . Since that time several
methods of assigning a particular gene to its respective
chromosome have been developed.

These involve the use of:

chromosomal deficiencies (Bridges, 1917)? monosomies
(Bridges, 1921); translocations (Belling, 1925); nullisomics
(Philp, 1935) ; inversions (Burnham and Cartledge, 1939);

.

substitution lines (Sears, 1953) ? and trisomics GBiak.eslee
and Farnham, 1923),
Trisomic plants were first identified and reported
by Blakeslee, Belling, and Farnham (1920) in Datura
stramoniuni.

The first report of trisomics in barley was by

Katterman (1939).

Tsuchiya (1960) established a complete

set of vigorous, primary trisomics from the progeny of
auto'-triploids in a wild two-rowed barley, Hordeum
spontaneum,

Eslick and Ramage (1968) established a complete

set of primary trisomics in the twO'-rowed barley, Hordeum
yulgare, variety Betzes (C,I , 6398), from semi>sterile
plants selected from commercial fields.

Primary trisomic 6

9
is the most vigorous primary trisomic (Tsuchiya, 1960) and
large amounts of seed can easily be obtained.

This makes it

easy to handle in gene linkage studies„
The genetic ratios for factors located on a chromo
some in the trisomic condition will be different from the
ratios for genes located on a chromosome represented in the
disomic condition (Burnham, 1962)„

A heterozygous locus in

the trisomic condition may have one or the other of the
following genotypes, AAa or Aaa, which are referred to as
duplex and simplex respectively.

When the plant is selfed,

the duplex willsegregate in.a ratio of about 11 A_ :
and the simplex
7 aa.

1 aa

will segregate in a ratio ofabout 11 A_ :

Exact ratios vary depending on the degree of transmis

sion of the extra chromosome and how far the locus
the centromere.

is from

In contrast, a heterozygouslocus in the

disomic condition is represented by the genotype Aa.

When

such a plant is selfed, the locus will segregate in a ratio
of 3 A

; 1 aa.

These differences in ratios between

trisomics and disomies indicate the value of trisomics in
assigning genes to their respective chromosomes.
Heitz (1931) observed two pairs of satellited
chromosomes which contributed to nucleolus formation in
barley,

Tsuchiya confirmed the earlier.report (Tsuchiya,

1952) and identified chromosome 6 as being the stronger
nucleolar organizing chromosome (Tsuchiya, I960),

As of

1976, chromosome 6 in barley has 8 genes assigned to it

'
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(Tsuchiya and Haus, 1976), and none of these has been
assigned to the satellite region.

However, until recently,

appropriate cytological stocks that would allow the assign^
ing of genes to this area of the chromosome were not
available.
In 1975, Ramage, Paluska, and Eslick reported find
ing a plant carrying an extra chromosome 6 that was missing
the satellite, the nucleolar organizing region, and a small
part of the short arm.

This fragmented chromosome 6 can be

used to locate genes in the satellite region„

In a plant

carrying this fragment as an extra chromosome, only the long
arm and most of the short arm are represented three times.
The satellite, the nucleolar organizing region, and a small
part of the Short arm are represented only twice,

A locus

in the satellite region of chromosome 6 would be represented
only twice in a plant carrying the fragment as an extra
chromosome,
ratio»

Such a locus would segregate in a disomic

In contrast, a locus in the region carried by the.

fragment would be represented three times and this locus
would segregate in a ratio that can be distinguished from a
disomic ratio.

This method can be used only after a gene

has been assigned to chromosome 6.
A method of screening for induced mutants closely
linked with another gene was reported by Ramage et al.
(1972).

Seed that were homozygous for the male sterile

gene msg^ were.treated with dES.

The

plants were crossed

11
with the variety Arivat.

In the generation, rows were

selected that segregated for a seedling lethal mutant but
did not segregate for msg^«

Using this procedure, several

seedling lethal mutants closely linked in coupling with
msg^ were obtained.
Hernandez-Soriano (1975) used a similar method to
screen for induced haplo^viable mutants closely linked in
repulsion with msgg .

He treated seed that were heterozygous

for msg^ and a translocation, T2-7d, with dES.
factors were linked in repulsion„

The two

The desired mutant type

would block male transmission of the fertile allele, Msg ,
2

whioh was linked in coupling with the translocation.

Thus

all the viable pollen produced by a plant heterozygous for
a haplo-rviable mutant of this type would carry the msc^
allele.

If megasporogenesis was not affected by the mutant,

the next generation would segregate 1 male sterile s 1 semi>
xaterlle,

M

2

rows that segregated 1 male sterile : 1 semi-

sterile were selected.

Several haplo-viable mutants closely

linked in repulsion with msg^ were found.
The success of these methods that make use of only
one locus on a chromosome gives an indication of the
possible success of using an entire extra chromosome as a
.marker in screening for induced mutants on that chromosome,
The following experiment was designed and conducted to
demonstrate the feasibility of such a method.

MATERIALS AND METHODS
The primary trisomic 6 in the variety Betzes, C.I.
6398 (Eslick and Ramage, 1968}, was used for the induction
of mutants in this study.

The smaller and more shrivelled

seed were selected to obtain a population containing a high
proportion of trisomic plants (Ramage, 1955}„
1460 seed were selected.

Approximately

Because of the lack of sufficient,

greenhouse space, half of the seed were treated on October
3, 1973 and the other half were treated on November 11,
1973,

At each date, two treatment rates were used, O.OIM .

and 0,Q2M'diethyl sulfate IdES;

(CHgHgO)SO^, Eastman

Organic Chemicals, stock p^311, m.w, 154.18 and density of
1.18 at 25°CJ.

The two rates were used to observe the

effects of higher dosages on the survival of the treated
trisomic plants, since Sayed, Helgason, and Barter (1973)
.had reported that an extra chromosome was disadyantageous to
the survival of dES treated barley seed.
The dES was mixed with a pH 7 phosphate buffer
solution.
liter jars.

Treatment of the seed was conducted in one
One liter of mutagen solution was prepared as

follows; 13,92 grams of dibasic potassium phosphate
CK^HPO^l plus 2.72 grams of monobasic potassium phosphate
(KHgPO^) were dissolved in one liter of distilled water and
1.31 ml (for the O.OlM) or 2,62 ml (for the 0,02M) of dES
■■

»

"
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were added to the solution immediately before use„

The

solution was frequently shaken to keep the dES in solution.
The seed were presoaked for.20 hours in cold
(approximately 0°C)„ distilled water to remove any growth
inhibitors and to completely hydrate the system.

The water

was poured off and one liter of cold (approximately 0°C1
mutagen solution was added to each jar.

This treatment

allowed the mutagen solution to infiltrate the seed without
inducing much metabolic activity.

After six hours, the cold

solution was poured off and one liter of fresh mutagen
solution at room temperature (approximately 22°CI was added
to each jar.

After two hours the seed were rinsed several

times with cold water and held for 20 hours in cold water
(approximately 0°C),

The seed were then planted in 3 inch

clay pots in the greenhouse,

Thirtyr-nine untreated seed

were planted at each date as a check.

Per cent emergence

of the treated seed was compared to that of the check as a
measurement of effectiveness of the treatment.
The clay pots were placed in lw'x 18" x 26"
aluminum trays to facilitate watering,
thirty^nine pots,

Each tray held

Water was added to the trays and was

absorbed by the soil.

At the two to three leaf stage of

growth, those plants not showing the characteristic smaller
first leaf of a primary trisonic 6 (Tsuchiya, 19601 were
discarded.

Root-tips were collected from presumed trisomic
seedlings between 8:00 and 9:00 in the morning„

The root-

tips were placed in a saturated solution of a-bromonapthalene
for 4 hours, hydrolized in 1 N HC1 at 55°C for 2 minutes and
placed directly into 45% aceto^carmine„ After 24 hours the
rootrtips were examined cytologically for the presence of an
extra chromosome by the aceto-carmine squash technique e
Trisomic seedlings were transplanted into gallon pots.
Those seedlings that did not carry an extra chromosome were
discarded.
At maturity, individual spikes were harvested from
trisomic plants.

This precaution was taken because each

tiller may arise from a separate, pre-existing cell and
each of these cells may be affected differentially by the
mutagen (Stadler, 19281.

Five spikes from each plant were

planted in spike-rows at Bozeman, Montana in the spring of
1974„

The remaining spikes were planted in spike-rows at

Tucson, Arizona in the fall of 1974„
The M

2

spike-rows were scored for seedling lethal

mutants at emergence and for other mutant types at heading.
Seed of trisomic and diploid plants were harvested from
those rows which contained mutants.
Very little seed was obtained from the trisomic
plants at Bozeman,

The seed from the selected trisomic

plants were planted at Tucson in the fall of 1974 to obtain
more data, .These rows were again scored for the mutant.

15
Seed from trisomic and diploid plants in those rows
segregating for seedling lethal mutants were germinated in
growth pouches.

The segregating progeny of the

trisomic

plants was tested by Chi-square for goodness of fit to
trisomic and disomic ratiose

The segregating progeny of

the Mg diploid plants was tested by Chi-square for goodness
of fit to a disomic ratio to be sure the mutant acted as a
normal, single recessive allele„

RESULTS
First Generation After Mutation
The
the check.

seeds were slightly slower germinating than
Table 1 presents data on the germination of the

treated seed.

Survival of the seedlings was greatly

influenced by mutation rate and date of planting.

The

actual per cent germination is the number of seedlings
which emerged, divided by the total number of seed.

The

actual per cent germination was multiplied by 1,054 for the
first date and 1,083 for the second date to put the control
on a 100 per cent germination basis.

This was done to allow

for any decrease in germination previously present in the
seed stock.

The corrected per cent germination of the

seed treated on the first date, 81,46 for the O.OIM solu~
'

-

!

tion and 30,71 for the 0,0.2M solution, agrees closely with
that reported by Heiner (1963). for both dosage levels,

The

corrected per cent germination at the second date, 41,64
for the 0.01M solution and 3.71 for the 0,02M solution, wats
greatly reduced from that of the first date.

The lower

germination was probably due to cooler temperatures in the
greenhouse at the later date that caused slower germination
of the treated seed, which agrees with the findings of
Mikaelsen et al, (1968),

They showed that adverse
16

Table 1.

Germination of treated seed.

First planting date

Second planting date

Diethyl sulfate concentration
; \
0,01M

0.02M

No. of seed planted

414

405

N o . of seed germinated

320

118 '

0.01M

0.02M

39

385

350

39

37

148

12

36

Control

Control

Actual % germination

77,29

29.14

94,87

. 38,44

3.43

92,31

Corrected % germination3

81,46

30.71

100.00

41.64

3,71

100,00

aActual % germination multiplied by 1,054 for the first date and 1.083 for
the second date to bring control to 100,00%,
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environmental conditions greatly reduced the ability of
treated seed to survive„
Table 2 shows the success of screening for trisomic
plants by observing seed and seedling characteristics.
Normally about twenty-five per cent of the seed produced by
a primary trisomic 6 in the variety Betzes (the same
variety used in this study) will be trisomic (McDaniel and
Ramage, 1970)„

The per cent of total seedlings that were

trisomic in the two 0„01M populations, 32,19 and 43,92 per
cent, was significantly greater than the expected twenty^
five per cent.

This indicates that selection of smaller

seeds is an effective means of increasing the percentage of
desired trisomic seedlings in a population.

The percentage

of total seedlings that were trisomic in the 0„02M popular
tions, 3,39 and 8,33 per cent,was significantly less than
the expected twenty^five per cent.

The four populations

had been chosen at random from the same seed lot.

Therev'

foie, the percentage of trisomics in each population should
have been the same at the time, of treatment,

Sayed et al,

(1973) reported that the per cent germination of the
smaller, slower germinating trisomic seed is much less than
the diploid seed following treatment with dES,

These data

agree with their findings and indicate that higher dosage
levels are extremely deleterious to the survival of trisomic
seed.

Table 2.

Selection of trisomic plants by observing seed and seedling charac
teristics .

First planting date
OvOlM

0.02M

Second planting date
0.01M

0.02M

Total

No, of seedlings

320

118

148

12

598

No, of seedlings selected
based on morphological
characters

157

9

109

10

285

No, of selected seedlings
that were 2n+l

103

4

65

1

173

32,19**

3.39

43.92**

8.33

81,10**

44,44

59,63**

10,00

% of total seedlings that
were 2n+l
% of selected seedlings that
were 2n+l
\

29.37*
60,70**

\ \ \

*Probability that the per cent trisomics equals the expected 25% < ,05.
**Probability that the per cent trisomics equals the expected 25% < .005,
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Selection by observing seedling characteristics
further increased the percentage of trisomics in the
remaining seedlings.

The percentage of saved seedlings

that were trisomic in the Q.Q1M populations was 81.10 and
59,63 for the first and second planting dates respectively.
The percentage of saved seedlings that were trisomic in the
\

0,02M populations was 44.44 and 10,00 for the first and
second planting dates respectively.

The,combined total per

cent of saved seedlings that were trisomic was 60,70 per
cent, which is more than twice that normally expected,
Therefore the two screening procedures greatly reduced the
amount of time needed to examine the plants cytologically
for the presence of an extra chromosome.
One albino seedling, probably a dominant mutation,
was observed in the 0.01M population at the first planting
date.
Second Generation After Mutation
At both Bozeman and Tucson, the

seedlings .

emerged two weeks later than other barleys in experiments
planted on the same date.

The dormancy exhibited by the

seeds may have been due to an effect carried over from the
mutagenic treatment.
reported.

However, no such effect has been

Most likely, the dormancy was due to cooler, and

more humid growing conditions in the greenhouse where the
plants were being grown.

These abnormal growing
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conditions may have stimulated the production of a dormancy
factor (Barton, 1965) .
The M

2

rows were, scored for seedling lethal mutants

two weeks after emergence and other mutant types were scored
at the time of heading.

The types of mutants observed at

heading were: male sterile, erectodies, rye-type head,
gigas, funny joints, prostrate growth, dwarf, many noded
dwarf, many noded tail, glossy sheath, narrow leaf, wide
leaf, and yellow stripe.

The seedling lethal and male

sterile mutants were the only classes of mutants which were
observed frequently.

For this reason they were the only

classes of mutants for which separate mutation rates were
calculated,
The rates of mutation shown in Tables 3, 4, and 5
were calculated per 100

spikes and per 100

plants.

The spike mutation, rate at each location was calculated by
counting the number of spike rows segregating for a mutant
type and dividing by the total number of rows.

To combine

the. data from the two locations all rows segregating for a
mutant type, at each location were added together and divided
by the total.
The calculation of plant mutation rate at each
location was similar to that of the spike mutation rate.
The number of

plants that had spikes segregating for one

or more mutants at a specific location was divided by the
total number of

plants that had spikes planted at that

Table 3.

mutation rates; seedling lethals.

Spike mutation rates
No. of
spikes
seg.

Plant mutation rates

No. of
Mutations
No. of
per 100
Mi pits,
No, of
spikes .M^. spikes. ... seg. . .Mj pits.

Mutations
per 100
Mj plants

Bozeman 0,01M, 1st date

51

646

7.89

43

134

• 32.09

Tucson 0,01m , 1st date

25

406

6,15

24

106

22.64

Combined data

76

1052

7.22

57

134

42.54

Bozeman 0.01M, 2nd date

71

463

15.33

54

92

58,69

Tucson 0.01M, 2nd date

10

145

6.89

8

61

13.11

Combined data

81

608

13,32

58

92

63,04

Bozeman Q ,02M, both dates

33

89

37.07

15

20

75.00

6

51

11.76

6

14

42.89

Tucson 0.02M, both dates
Combined d a t a

39

.140

27.85 . .

15

20...... 75,00

Table 4.

M

2

mutation rates; male steriles.

Spike mutation rates
No. of
spikes NO. of
seg. . spikes

Mutations
per 100
M^ spikes

Plant mutation rates
No. of
Mj pits.
seg.

Noi of
M^ pits.

Mutations
per 100
Mj. plants

21

646

3.25

19

134

14.18

4

406

0,98

4

106

3.78

Combined data

25

1052

2.37

22

134

16.42

Bozeman Q.OlM, 2nd date

13

463

2.81

13

92

14.13

2

145

1.38

2

61

3.27

608

2.47

15

92

16.30

89

20.22

8

20

40,00

51

3,92

2

14

14.29

.....9

....20

45.00

Bozeman Q.OlM, 1st date
Tucson O.OlMy 1st date

Tucson Qi,QlMf 2nd date
Combined data

15 .

Bozeman Q,02M, both dates

18

Tucson 0,02m , both dates
Combined data.....

2

.

.. 20 .___14 0. .. .. 14,29 .

Table 5.

M

2

mutation rates;, all mutant types.

Spike mutation rates
No. of
Mutations
No.
of
per 100
spikes
. se.g, .. spikes .M|. spikes

Plant mutation rates
No. of
Mj_ pits.
.. se.g. .

Mutations
No. of
per 100
M^ pits. .Mj plants

Bozeman 0,OlM, 1st date

87

646

13.47

61

134

45,52

Tucson 0.Q1M, 1st date

34

406

8.37

29

106 '

27,36

' 121

1052

11.50

77

134

57.46

Bozeman 0,01M, 2nd date

90

463

19.44

64

92

69,56

Tucson O.QIM, 2nd date

13

145

8.96

12

61

19.67

103

608

16,94

65

92

70.65

45

89

50=56

17

20

85.00

8

51

15,69

8

14

57,14

. 37 ,85

17

Combined data

Combined data
Bozeman 0„Q2M, both dates
Tucson 0=Q2Mf both dates
Combined data......

. 53..... 140

.

20....... 85.00
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location„

Some of the spikes from each

plant were grown

at Bozeman and the remaining spikes were grown at Tucson.
The only

plants with spikes at both locations were those

that had produced more than five spikes.

Some of the

plants had one or more spike rows segregating for a mutant
at Bozeman and one or more spike rows segregating for a
mutant at Tucson.
sum of the

Therefore the combined value is not the

plants that had spike rows Segregating at both

locations, rather it is the total number of

plants that

had progeny segregating for a mutant.
Table 3 gives the mutation rates for the seedling
lethal mutants.

In scoring for the seedling lethal mutants,

albino, light green, and yellow seedlings were observed.
The three types of seedling mutants were not treated
separately.

This was because environmental conditions

greatly influence the degree of expression of a chlorophyll
deficient mutant .CHolm, 1954? Nyhomf 19-55L»
The rate of mutation for seedling lethals ranged
from 6.15 to 37.07 per 100
75.0 per 100

plants.

spikes and from 13.11 to

These mutation rates fall within

those reported by others after treatment with dES (Milan,
1964? MikaelsOn et al,, 1968? Mohan Rao, 1972).
A higher rate of mutation was observed at Bozeman
than at Tucson for all treatment rates and dates.

This was

due to the presence of a greater number of light green
seedling lethals at Bozeman.

Many of the weaker Seedling
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lethals may not have emerged when grown at Tucson because of
cooler temperatures during the months of November and
December„
There is one other possible explanation for the
/

'

lower mutation rate observed at Tucson.,

The earlier, more

mature spikes were selected and planted at Bozeman and the
later spikes were planted at TucsOn.

The later spikes may

have arisen from tiller primordia which developed several
weeks after chemical treatment.

There would then be a

possibility that these later spikes carried fewer or no
mutations (see Nilan, 1964, for a review of this subject};.
Table 4 gives the mutation rates for the male
sterile mutants.

The rate of mutation for male sterility

ranged from ,98 to 20,22 per 100
40,0 per 100

plants.

spikes and from 3,27 to

These values are slightly higher

than those reported by Yamashita (1975}, who observed, that
male sterile, mutants occur at about oner-third to oner-sixth
the frequency of seedling lethal mutants after treatment
with chemical mutagens,

The higher rate of mutation

observed at Bozeman was again possibly due to the. selection
of the earlier spikes for planting at Bozeman,
The male sterile plants were sibbed within their
row.

Allele tests have been started, between 31 male sterile

mutants that set crossed seed.

The factors responsible for

the. expression of the male sterile mutants were not studied,
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Table 5 gives the mutation rate for all the
observed, mutant types.

The rate of mutation for all

mutant types ranged from 8„37 to 50.56 per 100
and from 19.67 to 85,0 per 100

plants.

spikes

These values

indicate that from 19 to 85 per cent (depending on dosage
levels) of the

plants carried at least one visible

mutation and emphasize the efficiency with which mutations
can be induced by treatment with dES.
Two types of

trisomics heterozygous for an

induced mutant were expected, i.e., those in which the
mutant was located on chromosome 6, and those in which the
mutant was located on one of the other six chromosomes.

If

the mutant was located on one of the three chromosomes of
number 6 (this would be the case unless the same point
mutation occurred simultaneously on one or both of the
other chromosomes 6), the duplex genotype, AAa, would be
expected.

The expected ratio when a duplex plant is selfed

is about 11 A_ to 1 aa (Burnham, 19621,

This is assuming

25 per cent total transmission of the extra, chromosome 6
(McDaniel and Ramage, 1970),

/

In contrast, if the mutant was located on one of the
other six chromosomes, the disomic genotype Aa would be
expected,

The expected ratio when a plant of this genotype

is selfed is 3 A^_ to 1 aa.
The number of plants in the M

2

spike rows ranged

from 5 to 30 with the majority of rows containing from 10
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to 15 plants.

This small number was due to the low number

of seed per spike on the

trisomic plants.

Due to the

small numbers of plants, trisomic ratios could not be dis
tinguished from disomic ratios in this generation.
Hosteller and Tukey (1949) described a method of
using binomial probability paper t o .calculate the sample
size needed to distinguish one ratio from another.
According to their method, the number of plants needed to
distinguish an 11:1 ratio from a 3:1 ratio at the 95 per
cent probability level is approximately 35.

In no case

were there enough plants to accurately distinguish the two
ratios from each other.

Therefore all the H^ trisomics from

rows segregating for a mutant were harvested and carried to
further generations to obtain more data.
Third and Fourth Generation After Mutation
Trisomic plants were selected from the M

2

rows

segregating for a mutant, Three hundred and forty-six
. .
'
"
'- ■.
/ '•
trisomic plants With viable seed were obtained from only
116 of the 277 rows that were segregating for a mutant.
Seed from the 346 trisomics were planted at Tucson.

The

rows segregating for seedling lethal mutants were scored
two weeks after emergence, and those segregating for other
mutant types were scored at heading,
Only 33 of the 346 trisomics segregated for a
mutant type, which is much lower than expected, .If a
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mutant was located on chromosome 6, 7/9's of the Mg
trisomics should have been heterozygous for the mutant.

If

a mutant was located on one of the other six chromosomes,
2/3 *s of the Mg trisomics should have been heterozygous.
The low number of trisomics segregating for a mutant type
may have been due to: (1) not having a large enough popula
tion from each Mg trisomic (half of the Mg trisomics
produced fewer than 20 seeds);

(2) some of the seedling

lethal characters expressed at Bozeman not being expressed
at Tucson; of (3) some of the seedling lethal characters
observed at Bozeman being an effect of the treatment
instead of genetic mutants.
Diploid and trisomic plants were harvested from
those Mg rows that segregated for a mutant and carried to .
the M^ generation,

The seed of plants from rows segregating

for a seedling lethal mutant were germinated in growth

Out of 15 different mutant lines that segregated
for a mutant in the Mg generation, one, an albino mutant,
segregated in a trisomic ratio.

Table 6 shows the segrega

tion of the albino mutant located on chromosome 6 and its
fitness to disomic and trisomic ratios in the Mg, Mg, and
M^ generations.

As expected both duplex, AAa, and simplex,

Aaa, trisomics were found in the M^ generation.
There are enough data for five of the other 14
mutant lines to demonstrate that they are not located on

Table 6.

Ratios of green : albino seedlings in progenies of plants heterozygous
for a mutation located on chromosome 6.

Fit to an expected

Ratio in

Genera
tion

Parent
chromosome
constitu
tion

B-344

M2 .

2N+1

11

1

1.778

.25-,10

0.000

>.99

44rll

M3 '

2N+1

18

1

3.947

.05-.025

0.232

.75-.50

44^13

M3

2N+1

10

1

1.485

.75-.50

0.008

.95-.90

3

2N

14

5

0.018

.90-.75

7.376

.01-.005

M3

2N

17

8

0.653

.50-,25

18.335

<.005

3

2N

14

6

0.267

,75-.50

12.2 92

<.005

Row No.

44-17
44vl8

m

>.

ju j

Green

Disomic
Albino .. ratio

.

.

.

Tr isomic
ratio

P

P.

44rl9

m

44rllra

m4

2Nil

164

16

24,918

.005

0,073

.90-.75

44rl3rb

m

4

2N+1

67

9

7.017

,01-.005

1.228

.50-.25

^4

2N+1

35

22

4,215

,05— .025

0.002

,075-, 95

44-13-C
44^13vd
44-11-3

4

2N

226

70

0,228

,75— ,50

90.894

<,005

M4

2N

98

31

0.065

.90-.75

41.613

<.005

m

w
o
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chromosome 6„

The mutants shown not to be on chromosome 6

are: gigas. Table 7; male sterile. Table 8? and three
albino mutants. Tables 9, 10, and 11.

The combined data

from the various generations for each of the mutants indi
cate that progeny from trisomic 6 plants, heterozygous for
the mutants, segregate in a disomic ratio of 3 normals to
1 mutant type.
Data for the remaining nine mutant lines are not
presented.

The number of progeny in these lines is not

sufficient to distinguish between a disomic and a trisomic
ratio.

Table 7.

Ratios of normal : gigas plants in progenies of plants heterozygous for
a mutation not located on chromosome 6.

x2 Fit to an expected

Row
No.

Genera
tion

Parent
chromosome
constitu
tion

2

2N+1

B-256

m

597-11

M3

59-13

m

3

Ratio in
progeny
Nomal

Disomic ratio

Trisomic ratio
11:7

P

Gigas

3:1

P

9

4

0.231

.25-.10

a

2N+1

17

6

0.014

.95-,90

1.589

.25-.10

2N+1

36

12

0.000

3.900

,05-.025

>,995

11:1

P

8.527

<.005

9.488

<,005

17,455

<,005

Total x 2

0,245

X 2 on total

0,064

,90

tv 75

5,476

,025-.01

35.064

2
Heterogeneity X ..

0.181

.95-.90

0,013

..95-.90

0,406

all;7 ratio not expected in the

35.470

5,489

<.005
,90-.75

Table 8.

Ratios of fertile : male sterile plants in progenies of plants
heterozygous for a mutation not located on chromosome 6.

Genera-r
tion

Row
No,

Bt 363
.

Bt'364

M2
M2

Bt365

V

.

56t-13

Total X

M3

Parent
chromosome
consti tui
tion

x2 Fit to an expected

Ratio in
progeny
Disomic ratio
Normal

3:1

P

11:7

2N+1

13

5

0.074

,90-.75

2N-U

8

2

0.133

2N+1

14

5

2N+1

18

2

2

11:1

P

a

8,909

<.005

,75-,50

a

1,782

0,018

,90-,75

a

8.045

2,400

,25-,10

18.546

2,626

X 5 on total
Heterogeneity X

Trisomic ratio

Male
sterile

2

ail;7 ratio not expected in the

P

<,005

0,073

.25-.10
<,005

,90-,75

18,809

0,841

,50-,25

13,844

1,785

,75-,50

4,965

<,005
.25-.10

Table 9.

Ratios of green : albino seedlings in progenies of plants heterozygous
for a mutation not located on chromosome 6 (1) •

x2 Fit to an expected

Genera^
tion

ROW

No,
15-4

15v4a

M2

•

M 3-

15v4B"

m3

15r4c

Parent
chromosome
constiturtion

Ratio in
progeny
Green

2N+1

19

2N+1

Albino

Disomic ratio

Trisomic ratio
11:7

11:1

p

7

0,051

,90^,75

a

25

7

0.167

,75-.50

3.899

.05".025

2N+1 '

27

10

0,081

,90",75

2.193

2N+1

31

12

. 0,194

,75".50

2,182

0,493

X 2 on total

0.087

,90".75

7,960

0,406

,95",90 '

0,314

2

^11s7 ratio not expected in the

P

11,768

<.005

7.679

.01".005

,25",10

16,929

<.005

.25".10

21.570

<,005

8,274

Total x 2

Heterogeneity X

P

3:1

57.946
<,005
,975",95

56,941

<,005

1,005 . ,90",75

Table 10.

Ratios of green s albino seedlings in progenies of plants heterozygous
for a mutation not located on chromosome 6(2).

x2 Fit to an expected

Row
No,

Genera^
tion

26r-14

m

2'

Ratio in
progeny

Parent
chromosome
constitu^
tion

Green

2N+1

3

2N+1
2N+1

Disomic ratio

Trisomic ratio

3:1

P

Us 7

3

0.600

.50-,25

a

32

14

0,725

.507,.25

1,383

.25-,10

32

7

1,034

,50-,25

7,189

.01-,005

Albino

P

11:1

P

6.556 .025-.01

126Tl4a

M3

26trl5b

M3

2,359

Total X2
X

2

0,015

on total

Heterogeneity X

2

^11 s7 ratio not expected in the VL .

8,572
,95-.90

2.344 . .50-,25.

29,419

<.005

4,720

,05-.025

40,695

7,196

,01-.005

34,945

1*376

,75-,50

. 5,75

<,005
.10-,05

Table 11.

Ratios of green : albino seedlings in progenies of plants heterozygous
for a mutation not located on chromosome 6 (3)

x

Row
No,

Genera
tion

50-14

•

50-14a

2

;

M4

50—14c

Total X

m3

M4

50-14b

X

**
2

.

.

.

.

2

Fit to an expected
Trisomic ratio

3:1

P

11:7

P

11:1

P

2N+1

9

6

1,800

,25-.10

0.008

,95-.90

19.690

<,005

2N+1

25

11

0.593

.50-,25

1.052

.50-.25

23,272

<.005

2N+1

8

4

0.444

.75-,50

0.156

.75-.50

9,818

<.005

2N+1

29

8

0.225

.75-,50

4,643

,05-,025

8.555

<.005

0,853

on total

2

Disomic ratio

3,062

Heterogeneity X
T T -

Ratio in
Parent .
chromosome
progeny
constitu"tidn
. Green Albino

5.859
,50-,25

2.208. ,75-,50.

4,112
. 1.747

61.335
,05-.025
.75-,50

55,917
5.418

<.005
,25-,10

DISCUSSION
The results obtained from this experiment indicate
that the technique used, is a feasible method for obtaining
induced mutants on a particular chromosome,
Of the six mutants for which sufficient data were
available to indicate their presence or absence on chromo
some 6, one was located on chromosome 6„

It would appear

that the mutants are randomly located among the seven
chromosomes with respect to chromosome 6,

However, the

number of mutants is too small to conclude either random or
non-random distribution of the mutants»
It is possible that further investigations will
find that an extraordinarily high percentage of induced
mutants are located on chromosome 6«

Using the formula

n =

where n is the number of plants needed to
log (1-X)
obtain at least one mutant type, appearing at a frequency
of X, at the desired probability level P, one can estimate
the probability of a mutant not appearing in a row which
contains a given number of plants.

plants in each

The average number of

row ranged between 10 and 15,

At a sample

size of 15, 27,12 per cent of the rows segregating for a
mutant in a ratio of 11:1 will not exhibit the mutant
type.

At a sample size of 10, this value increases to

41.9 per cent of the rows.

In contrast, a row segregating
37

.
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for a mutant xn a ratio of 3 si would have a much higher
probability of expressing the mutant type„ At a sample
size of 10 only 5 per, cent of the rows will not exhibit the
mutant„

At a sample size of 15 this value decreases to one

per cent of the rows„
From the above estimates, it is therefore possible
that from one-^fourth to twor-fifths of the mutants induced
on chromosome 6 were never recognized in the sample sizes
of 10 to 15 plants.

Had the M 2 sample size been larger, it

is possible that a high proportion of mutants on chromosome
6 would have been found,

-

To make this procedure more successful, the M 2
generation should be grown under more favorable conditions,
i.e., either in a greenhouse or in an area such as that
found in the arid southwest.

This will provide for an

adequate number of seed for testing in the Mg generation.
This method should be successful for all the chromo
somes of barley and for any other species for which primary
trisomics have been identified, providing the trisomic
types produce sufficient seed to distinguish the disomic
and tri.somic ratios,

Monotelotrisomics could be used in

the place of the primary trisomic for the isolation of
induced mutants on a specific arm of a chromosome,

Mono^

telotrisomic plants are usually more vigorous than primary
trisomic plants and may. produce more seed.

Therefore the

disomic and trisomic ratios.might be more readily

39
distinguished from each other.

The use of telosomics would

also allow for the study of the randomness of mutants on the
different arms of the same chromosome,
A modification of this method could be used to
obtain more marker- genes on the chromosomes of those
allopolyploid species for which monosomies have been
isolated.

If seed from a monosomic plant were treated with

a mutagenic agent, a mutant expressed by an

monosomic

would most likely be located on the chromosome for which
the plant is monosomic.

Using this technique, more marker

genes could be obtained on a chromosome in one year than
have previously been assigned through conventional breeding
methods,

SUMMARY
A mutation experiment was designed to screen for
induced mutations on chromosome 6 by treating seed trisomic
for this chromosome with the chemical mutagen dES.

Induced

mutants on chromosome 6 can be detected because the progeny
of trisomic plants carrying an induced mutant on this
chromosome will segregate in a ratio of about 11 normals s
1 mutant in the M

2

generation.

With a relatively small

population this ratio can be distinguished from a 3 normals
1 mutant ratio for a mutant induced on one of the other six
(

chromosomes *

'

,

The smaller, more shriveled seed produced by the
primary trisomic in the variety Betzes were treated with a
0.01M or a 0.02M solution of the chemical mutagen diethyl
sulfate.

At the two to three leaf stage of growth,

seedlings & jiibiting the characteristic small first leaf,
were selected and the other seedlings discarded.

CytO'~

logical examination of the selected plants indicated that
selection by seed and seedling characteristics signifi-r
cantly increased the percentage of plants that were
trisomic in the remaining population,
Seed from individual spikes of the trisomic plants
were planted in rows„

Seedling lethal mutants were scored

two weeks after emergence and other mutant'types were

41
scored at heading.
per 100

Mutation rates per 100

plants and

spikes were calculated for seedling lethal .

mutants, male sterile mutants, and for all mutant types
combined.

The number of plants in the

rows that

segregated for a mutant was too small to distinguish
between disomic and tiisomic ratios in the M 2 generation.
Trisomic plants were harvested from those rows
segregating for a mutant and carried to the next genera
tion.

Many of the M^ trisomic plants produced so few seed

that the ratios could not be distinguished from each other
in the M^ generation.

Therefore the Mg trisomics were

harvested to carry the mutant to the M^ generation.
Sufficient data were obtained for six mutants to
show theif presence or absence on chromosome 6.
mutant was assigned to chromosome 6.

An albino

The other five

mutants, gigas, male sterile, and three albino mutants,
are not located on chromosome 6,

This experiment therefore

demonstrated a feasible method for the screening of induced
mutants on a particular chromosome.■
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