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ABSTRACT 

Haplo-viable mutations were induced in barley (Hordeum vulgare 

L.). These haplo-viable mutants were regularly transmitted through the 

egg but not transmitted through the pollen. They were induced closely 

linked in repulsion with a recessive male sterile allele, msg2, with the 

chemical mutagen diethyl sulfate. The apparent action of the haplo-

viable mutants was to restrict the development of microgametophytes 

carrying the mutation as indicated by 50 percent pollen unstained with 

I-KI in most of the plants carrying these mutations. Mostly male sterile 

progenies were obtained from crosses of plants carrying a haplo-viable 

mutation onto male sterile plants. These results indicated that most 

of the stained pollen carried the msg2 allele. Selfed progenies of 

plants carrying a haplo-viable mutation contained seraisterile and male 

sterile plants in about a 1:1 ratio. 

A haplo-viable mutant is recognized by upset genetic ratios of 

alleles linked with the mutant. Seed stocks in which haplo-viable 

mutants could be recognized were established by crossing the transloca

tion T2-7d onto male sterile, msg2, plants. T2-7d carries the dominant 

Msg2 and the recessive elongated outer glume, e, alleles. Both loci are 

very closely linked with the break-point of T2-7d. seed of these 

crosses were treated with a .01 M solution of diethyl sulfate. The 

mutagen treatment induced at least 31 chlorophyll deficient mutations 

per 100 plants. 
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The selfed progenies of 10,946 M^semisterile plants were scored 

for absence, or near absence, of plants with elongated outer glumes. A 

haplo-viable ratio of one semisterile plant to one male sterile plant 

was observed in 70 of these progenies. Semisterile plants were selected 

from these progenies and were crossed onto normal male sterile plants. 

The results of the crosses indicated that in 24 of the selected 70 lines 

a haplo-viable mutation was induced closely linked with the Msg2 locus; 

plants from these crosses were mostly male sterile. 

Additional studies were made of 14 of the lines containing 

haplo-viable mutants. The findings indicated that in some of the lines 

pollen transmission of the Msg2 allele was very low. 

In some of the selected plants, a haplo-viable mutation was in

duced closely linked in repulsion with msg2 and a chlorophyll deficient 

allele. Such plants produced mostly fertile plants when selfed. Most 

of the pollen from these plants carried the male sterile, msg2, and the 

chlorophyll deficient allele. These "balanced" haplo-viable plants can 

be used to produce all male sterile lines for hybrid barley production. 



INTRODUCTION 

Commercial hybrid barley (Hordeum vulgare L.) seed is produced 

by crossing a male fertile line onto a genetic male sterile line. Seed 

of female lines are increased through the use of the balanced tertiary 

trisomic (BTT) system (Ramage 1965). 

The BTT system is being constantly amended and revised as new 

materials and techniques are developed. Ramage and Wiebe (1969) and 

Wiebe and Ramage (1970) proposed the use of fragmented extra chromosomes 

and seedling lethal genes. According to their proposal, trisomic plants 

carry the dominant alleles for male fertility and normal seedlings on a 

fragmented extra chromosome; the recessive alleles for male sterility 

and seedling lethality are carried on the two normal chromosomes that 

constitute the diploid complement. Selfed seed from these plants serve 

to perpetuate the BTT plants since the diploid plants die at the seedling 

stage. The only functional pollen produced by these BTT plants carries 

the normal haploid chromosome complement and the recessive male sterile 

allele. Pollen from these plants can be used to produce female parents 

for hybrid seed production. 

In essence, the main features of BTT plants balanced for both a 

male sterile and a seedling lethal gene are: (a) production of two types 

of gametes, only one of which is transmitted through the pollen, and 

(b) production of only one type of viable selfed progeny (BTT plants). 

1 
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Plants with these same two features can be established at the 

diploid level. This can be accomplished with genetic or cytogenetic 

mechanisms that interfere with male transmission, but not female trans

mission, of one of the gametes. Plants exhibiting this type of breed

ing behavior were described by Stadler (1933) as being haplo-viable 

mutants. Furthermore, Rhoades and Rhoades (1939) pointed out that the 

breeding behavior of plants carrying a haplo-viable mutation linked in 

repulsion with a recessive lethal is similar to the breeding behavior of 

the balanced lethals in Drosophila as described by Muller (1918), i.e., 

such plants "breed true" for heterozygosity. Thus, plants carrying a 

haplo-viable mutation linked in repulsion with both a seedling lethal 

and a male sterile gene will produce two types of gametes, only one of 

which is transmitted through the pollen, and the plants will breed true 

for heterozygosity. Such "balanced" haplo-viable plants can be used in 

the same manner as BTT plants to increase seed of the female parent of 

commercial hybrids. 

Recessive seedling lethal genes tightly linked in coupling with 

a male sterile gene are available in barley. The objective of this study 

was the induction of a haplo-viable mutation closely linked in repulsion 

with a male sterile gene. Such plants can then be used in the production 

of hybrid barley seed. 



LITERATURE REVIEW 

The term haplo-viable mutation was proposed by Stadler (1933) to 

describe those mutations intermediate in genetic behavior between typical 

deficiencies, wholly eliminated in the gametophytic generation, and 

typical mutations that are transmitted without loss by both gametophytes. 

Stadler (1935) used this term to describe the genetic behavior of a 

chromosomal deficiency in maize (Zea mays L.) that was transmitted 

through the egg, but not transmitted through the pollen. 

Most of the reports of mutations with haplo-viable behavior deal 

with genetic or cytogenetic mechanisms that interfere with the normal 

functioning of male gametophytes. Some genetic mutations of this type 

that have been reported are: pollen abortion genes (Cartledge and 

Blakeslee 1934), small pollen genes (Rhoades and Rhoades 1939), pollen 

eliminator genes (Murr and Stebbins 1970), genetic factor affecting the 

rate of pollen germination (Sprague 1933) and gametophytic factors 

(Mangelsdorf and Jones 1926). Examples of cytogenetics abnormalities 

that are regularly transmitted through the egg, but are not transmitted, 

or show very low transmission, through the pollen are: gametes carrying 

a chromosomal deficiency (Stadler 1935), gametes carrying an extra chromo

some (Bucholz and Blakeslee 1922) and duplication-deficiency carrying 

gametes (Smith 1948). 

3 
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Mutations that are not transmitted through the female gametophyte 

and have slight or no effect on the male gametophyte have also been 

described (Singleton and Mangelsdorf 1940, Nilan and Moh 1955). 

Different haplo-viable mutations show different behavior. Some 

are never transmitted through one of the gametophytes, i.e,, a pollen 

abortion gene in maize (Burnham 1941) while others may be transmitted 

under certain conditions by both gametophytes, i.e., Singleton and 

Hangelsdorf (1940) reported that maize pollen carrying the sjd (small 

pollen) allele can accomplish fertilization if competition from normal 

pollen is eliminated. In some mutants, such as gametophytic factors in 

maize (Nelson 1952) , the haplo-viable behavior is due to interactions 

bet-ween the haploid gametophyte and the diploid sporophyte. Finally, 

other haplo-viable mutations are transmitted through both gametophytes. 

In a Datura trisomic plant, gametes carrying an extra chromosome are 

regularly transmitted through the egg, but show only about three percent 

transmission through the pollen (Bucholz and Blakeslee 1922). 

Haplo-viable mutations have been recognized only in those 

instances where the mutation was linked with a recognizable character. 

Berais (1959) postulated the presence of a gametophytic factor to explain 

deviations from expected Mendelian ratios in a stock of Lima bean 

(Phaseolus lunatus L.) segregating for determinate growth habit. Also, 

Eurr and Stebbins (1970) recognized the presence of a pollen eliminator 

gene in Plantago insularis Eastw. , because it was completely linked in 

repulsion with an albino gene. 
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Mutations with haplo-viable behavior have been found in progenies 

of plants treated with X-rays (Datura, Cartledge and Blakeslee 1934; 

maize, Stadler 1933), U. V. radiation (maize, Singleton and Clark 1940), 

and atomic bomb radiation (barley, Moh and Smith 1952). 

Mutations interferring with the normal functioning of the gameto-

phytic generation have been frequently reported in plant species where 

extensive genetic studies have been carried out. In maize, six 

gametophytic factors, one lethal ovule gene, one pollen abortion gene, 

and two small pollen genes have been assigned to loci (Neuffer, Jones 

and Zuber 1968). Nelson (1953) proposed the use of gametophytic factors 

in maize to avoid contamination in hybrid seed production fields. 

Mutations indicating haplo-viable behavior have been frequently 

reported in barley. Hallqvist (1923) postulated that the failure of a 

barley chlorophyll mutation to appear in a Mendelian ratio was due to 

factors restricting the development of the pollen tubes of micro-

gametophytes carrying the mutation. Nybom (1954) and Holm (1954) 

reported many cases of induced chlorophyll mutations associated with some 

kind of gametic elimination. Moh and Smith (1951) reported that in a 

collection of chlorophyll mutants, induced in barley by atomic bomb 

radiation, more than 20 percent segregated in ratios different from the 

theoretical 3:1 ratio. In one of these mutants, three coincidental 

changes were induced: a reciprocal chromosomal translocation, an albino 

gene completely linked in repulsion with the translocation break-point, 

and a gametic factor that did not allow pollen transmission of the trans

located chromosomes. The mutant segregated albino and green seedlings 
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in a 1:1 ratio and all of the green plants were heterozygous for a 

translocation (Moh and Smith 1952) . Nilan(1964), in a summary of linkage 

studies on barley, reported that a gametophytic factor has been located 

on chromosome one. 

Early mutation studies using radiations frequently yielded 

mutant plants with defective pollen. In almost all cases the ovules in 

these plants were also defective. Most of these mutations proved to be 

reciprocal chromosomal translocations (Stadler 1930). 

Plants heterozygous for a reciprocal translocation involving 

large chromosomal segments show a ring of four chromosomes at metaphase 

I. The ring-of-four chromosomes occurs as a result of the pairing of 

homologous regions of the translocated and nontranslocated chromosomes. 

Anaphase I disjunction of the chromosomes involved in the translocation 

is either alternate or adjacent. Adjacent disjunctions will give rise 

to duplication-deficiency gametes that are lethal in most cases. Thus, 

in plant species where adjacent disjunctions occur as frequently as 

alternate disjunctions, pollen and ovule abortion are both approximately 

50 percent. These plants show a "semisterile" phenotype (Burnham 1949). 

The duplication-deficiency gametes may be viable in translocations where 

the interchanged chromosomal segments are small. This occurs if the 

genetic material missing in a duplication-deficiency gamete is not 

essential for its viability. Translocations of this type, even with 50 

percent adjacent disjunctions, show much less than 50 percent pollen and 

ovule abortion (Burnham 1932). Some duplication-deficiency gametes show 

haplo-viable behavior in which the gametes are transmitted through the 
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egg but not through the pollen (Triticum monococcum L., Smith 1948). 

Philips, Burnham and Patterson (1971) proposed the use of plants 

heterozygous for an interchange originated duplication-deficiency in 

order to produce all male sterile plants. In this system, the 

duplication-deficiency gametes will carry the dominant allele for male 

fertility linked with the interchange break-point and therefore will not 

be transmitted through the pollen. The normal gametes will carry the 

recessive allele for male sterility and will be transmitted through the 

pollen. 

Barley interchange heterozygotes show about 30 to 40 percent 

ovule abortion and about 29 percent pollen abortion (Smith 1941; Burnham, 

White and Livers 1954). This degree of spore abortion is due to a con

siderable excess of alternate disjunctions. An important consequence of 

this excess of alternate disjunctions is that very few of the products 

of recombination between marker genes located in the interstitial segments 

of the translocation are recovered (Ramage 1963). 

Certain mutagens that frequently induce chromosomal aberrations 

must be excluded in experiments designed to search for haplo-viable 

mutations. Although any agent that is able to induce point mutations 

can also induce chromosomal breakages (Kunzel 1971) , however some chemical 

mutagens induce fewer chromosomal breakages than irradiations (Bozzini 

and Scarascia-Mugnoza 1970). Among these chemical mutagens, diethyl 

sulfate is as effective as irradiations (Bozzini and Scarascia-Mugnoza 

1970), or other chemical mutagens (Doll and Sandfaer 1969). The mutation 

efficiency of diethyl sulfate in germinating barley seed is greatly 



influenced by the conditions and methods of treatment (Yamaguchi et al. 

1974, Mohan Rao 1972). (See Nilan et al. 1963 for a review on chemical 

mutagenesis in barley). 



MATERIALS AND METHODS 

Seed stocks in which induced haplo-viable mutations could be 

recognized had to be established. Such seed stocks had to segregate 

for a marker gene closely linked in repulsion with the male fertile 

allele (Msg2) in the generation, and had to carry a chromosomal ab

normality that reduces recombination in the area of the Msg2 locus. 

Seed stocks in which haplo-viable mutants could be recognized 

were established by crossing plants homozygous for the translocation 

T2-7d onto male sterile stocks. T2-7d is in Bonus background. It is 

two-rowed (V), male fertile (Msg2), and has elongated outer glumes (e). 

The male sterile stocks were in a Coast type. They were six-rowed (v), 

male sterile (msg2), had normal glumes (E), and were heterozygous for 

either an albino allele (alb-528) or a light-green allele (lg-410),, 

The chlorophyll deficient alleles alb-528 and lg-410 are closely 

linked with msg2, although the extent of the linkages was not known at 

the initiation of this experiment. 

In T2-7d the short arms of chromosomes 2 and 7 are interchanged 

(Ramage, Burnham and Hagberg 1961). The translocation break-point is 

closely linked with the e locus and it shows less than .02 units of 

recombination with the Msg2 locus (Ramage 1962). 

Plants homozygous for the recessive e allele have wide (3 to 4 

mm) and elongated (12 to 14 mm) outer glumes with long (80 to 90 mm) 

9 



glume awns. These features make them readily distinguishable from 

normal plants carrying the dominant E allele, which have narrow (.8 to 

1.0 mm) and short (4 to 8 mm) outer glumes with short (4 to 12 mm) 

glume awns (Tsuchiya 1974). 

Eighty-four plants were obtained from crosses of male sterile 

plants heterozygous for lg-410 with T2-7d, and 73 plants were obtained 

from crosses of male sterile plants heterozygous for alb-528 with T2-7d. 

The F^ plants were grown in the greenhouse in the winter of 1973 

to increase the seed stocks. Before harvest, one spike (containing 

approximately 20 to 40 seed) from each plant was germinated to determine 

which plants were heterozygous for a chlorophyll deficient allele. Seed 

from plants with similar genotypes were harvested and bulked into three 

different stocks: A "normal" seed stock of 17870 seed from 78 semisterile 

F^ plants that did not segregate for a chlorophyll deficiency, an "Ig" 

seed stock of 6484 seed from 44 semisterile F^ plants that segregated 

lg-410 seedlings, and an "alb" seed stock of 8364 seed from 35 semi

sterile F^ plants that segregated for alb-528. These three seed stocks 

were handled separately thereafter. 

Populations of F^ plants from these seed stocks should segregate 

in the ratio of one plant homozygous for T2-7d that would be male 

fertile and have elongated outer glumes: two plants heterozygous for 

T2-7d that would be semisterile, male fertile and have normal glumes: 

one plant homozygous for the normal chromosome complement that would be 

either male sterile and have normal glumes if from the "normal" stock, 

or would die at the seedling stage if from the "lg" or "alb" seed stocks. 



These same ratios were expected in the F^ progenies of the F2 semisterile 

plants. 

Progenies of semisterile plants carrying a haplo-viable muta

tion closely linked in repulsion with Msg2 should show no plants, or a 

very few plants, with elongated outer glumes. Most of the progenies of 

F2 semisterile plants should consist of either semisterile and male 

sterile plants in a 1:1 ratio in the "normal" stock or semisterile 

plants only in the "lg" and "alb" stocks. Furthermore, in the "lg" 

and "alb" stocks, the presence of a haplo-viable mutation should be de

tected at the seedling stage in those cases where half of the seedlings 

show lg-410 or alb-528 phenotype respectively. 

Each seed stock was divided in batches of approximately 3000 to 

4000 seed and were treated independently in four liter jars with a .01 M 

diethyl sulfate solution [DES: (C2H,.0)S02, Eastman Organic chemicals, 

stock p-311, m.w. 154.18 and density 1.18 at 25°c] in a pH 7 phosphate 

buffer solution. One liter of mutagen solution was prepared as follows: 

13.92 grams of dibasic potassium phosphate (I^HPO^) plus 2.72 grams of 

monobasic potassium phosphate (KH^PO^) were dissolved in one liter of 

distilled water and 1.31 ml of DES were added to this solution immediate

ly 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 inhibitor and to completely hydrate 

the system. The water was poured off and three liters of cold (approxi

mately 0°C) mutagen solution were 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 three liters of fresh mutagen solution at room temperature 

(22°C) were added to each jar. After two hours the seed were rinsed 

repeatedly with cold water and held for 20 hours in cold water (approxi

mately 0°C). The seed were then rinsed, spread out over gunny sacks, 

and let dry for approximately two days. Each dried seed stock was run 

through an air blower to eliminate the small seed, most likely trisomic 

(Ramage and Day 1960), and seed damaged during the treatment. The final 

seed stocks contained 16575 seed in the "normal" seed stock, 6302 seed 

in the "lg" seed stock, and 7636 seed in the "alb" seed stock. 

The treated seed (M^ seed) were planted in Montana at the end of 

May 1973, approximately three weeks after DES treatment. Each seed stock 

was planted in a separate field, in rows 30 cm apart. The treated seed 

were mixed with steam-killed wheat in appropriate proportions to obtain 

populations of plants 5 to 8 cm apart within rows. 

In most mutagen experiments, seed is independently harvested from 

each spike because different spikes from the same plant may have differ

ent mutations and mixing these seed will produce chimeric progenies. 

It is also possible that with a sufficiently high mutagen dose the entire 

above ground portion of an M^ plant can arise from a single cell (Mericle 

and Mericle 1961). This would result in a nonchimeric M^ plant, i.e., 

all seed in a mutated plant will carry the same mutation. 

In this study, most of the semisterile plants were heterozygous 

for the V (two row) allele, and thus, very few seed would have been 
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obtained from individual spikes. Since fair sized progenies were 

needed to screen possible haplo-viable mutations the decision was made 

therefore to harvest all the seed from each plant. 

The plants were slow in growth and most had only two or three 

ripe spikes at harvest time (early September 1973). At this time all 

plants were pulled and the semisterile plants with normal glumes were 

individually threshed. 

The second generation after mutation was planted at Tucson 

in the winter of 1973. Approximately 50 seed (if available) from each 

plant were planted in rows 3 m long. After germination, the rows 

were scored for chlorophyll mutations. The different types of chloro

phyll mutations were classified as either "albino" mutations if the 

seedlings were white or mostly white, or "light-green" mutations if the 

seedlings were of any other type, rows from the "normal" seed stock 

were classified as segregating for either albino seedlings, light-green 

seedlings, or albino plus light-green seedlings. 

It was hoped at the beginning of this study that the lg-410 mark

er gene would help in the early recognition of rows carrying haplo-

viable mutations. However, this chlorophyll deficiency did not show a 

constant phenotype, and it was impossible to distinguish whether an M2 

row from the "lg" seed stock was segregating for lg-410 or a new light-

green mutational event. Thus, only the frequency of "lg" rows segre

gating for albino seedlings was obtained. 

The "lg" and "alb" rows were scored for absence of light-green 

or albino seedlings respectively, to estimate the linkage between the 

break-point and the lg-410 and alb-528 loci. 
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At flowering time all rows were screened and rows that showed 

no plants, or a very few plants, with elongated outer glumes were select

ed. A few semisterile plants from each selected row were crossed onto 

male sterile, msg2, diploid plants from the BTT line 63-j-18-17. 

At harvest time all the plants from each selected row were 

pulled and classified as either male sterile, semisterile or with 

elongated outer glumes. Based on the ratio of male sterile:semisterile 

plants in each row more than half of the rows previously selected were 

rejected. 

In each selected row only one spike was harvested from each 

of the semisterile plants used as males in the crosses with male sterile 

plants. Also, a single spike was harvested from a few other semisterile 

plants. 

Seed from the crosses of selected plants onto male sterile 

plants from 63-j-18-17 and selfed seed of their male parents (M^ seed) 

were planted in rows 3 m long at Bozeman, Montana, in May 1974. Selfed 

seed of selected M^ plants that were not involved in crosses were also 

planted. 

At flowering time, all rows produced from crossed seed were 

scored for male fertile and male sterile plants. Rows that had no male 

fertile plants, or only a few, were selected as having male parents 

carrying a haplo-viable mutation closely linked in repulsion with Msg2. 

Selfed progenies of the male parents selected as carrying a haplo-viable 

mutation were classified as either male sterile, male fertile or with 

elongated outer glumes. Fertile M^ plants in the selected rows were 
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crossed with male sterile diploid plants from the BTT line 63-j-18-17. 

Crosses were also made using sister plants from lines that had not been 

test-crossed. Crossed and selfed seed of their male parents (M^ seed) 

were harvested. 

Seed of the crosses and seed of some of their male parents 

were planted in pots in the greenhouse at Tucson in the fall of 1974 to 

ascertain the presence or absence of haplo-viable mutations in some of 

the lines selected in the generation. All plants grown in the 

greenhouse were classified as either male sterile, semisterile, or with 

elongated outer glumes. 

Cytological observations were made of a few random and 

plants from each line. In addition, plants that could not be classified 

on the basis of phenotype were examined cytologically. All cytological 

observations were made of meiotic configurations during microsporogenesis. 

Spikes were collected in a solution of three parts of absolute ethanol to 

one part glacial acetic acid. All material was studied using the 

acetocarmine smear technique. Presence or absence of a ring-of-four 

chromosomes was ascertained at metaphase I and later stages of meiosis 

were screened to check for possible abnormalities. 

Pollen from some plants was examined using the Iodine-

Potassium- Iodide method. Stock solutions of I-KI were made by dissolving 

1 g of potassium iodide in 100 cc of distilled water and adding 1 g of 

iodine flakes to this solution. A working solution was made immediately 

before use consisting of one part of I-KI stock solution, one part 

distilled water and one part of glycerin. 



RESULTS AND DISCUSSION 

First Generation After Mutation 

The plants were slow in growth when compared to locally 

adapted cultivars. Checks (untreated seed) were not grown and germina

tion data were not obtained. An estimate of the survival rate of the 

plants was obtained based on the number of plants harvested from each 

field. Half of the planted seed were expected to yield semisterile 

plants with normal glumes. The data in Table 1 indicate that approximate

ly 70 percent of the expected "semisterile" plants were harvested. Since 

this figure was estimated based on 100 percent germination and lOO per

cent harvest of all semisterile plants, it is probable that the survival 

rate of the plants was actually higher than 70 percent. 

The survival rate estimated in this experiment is similar to 

the survival rates reported by other authors. Nilan et al. (1963) re

ported a survival rate of 86 percent for hull-less barley treated for 

four hours with a . 0038 M concentration of diethyl sulfate in a pH 7 

buffer. The same authors reported that higher survival rates have been 

obtained with hulled barleys. 

Second Generation After Mutation 

The rows were scored for chlorophyll deficiencies two weeks 

after germination. All observed chlorophyll mutations were classified 

as either "albino" or "light-green" mutations. The results obtained 

16 
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Table 1. Number of semisterile plants harvested in the populations. 

Mi 
Populations 

Number of 
Seed 
Planted 

Number of 
Expected 
Semisterile 
Plants* 

Semisterile Plants 
Harvested 

„ , Percent of 
Number „ ^ , 

Expected 

"Normal" 16575 8288 6064 73.2 

"lg" 6302 3151 1980 62.8 

"alb" 7636 3818 2902 76,0 

Total 30513 15257 10946 

Average 71.7 

* Based on 100 percent germination. 

(Table 2) indicate that 29.7 percent of the "normal" rows segregated for 

at least one chlorophyll mutation. The frequencies of rows segregating 

albino mutants and rows segregating light-green mutants in the "normal" 

population were 18.4 percent (17.1 + 1.3) and 12.6 percent (11.3 + 1.3), 

respectively. Both albino and light-green seedlings were observed in 

1.3 percent of the "normal" rows. 

The frequency of induced light-green mutations was not recorded 

in the "lg" population because it was difficult to distinguish new light-

green mutational events from the existing lg-410 seedlings. Only the 

frequency of rows segregating albino mutants was recorded in the "lg" 

population. This frequency, 18.3 percent in Table 2, was almost identical 



18 

Table 2. Frequency of chlorophyll mutations induced in the "normal" and 
"lg" populations. 

Rows 
2 

"Normal" Population "lg" Population* Rows 
2 Number Frequency Number Frequency 

Planted 6064 100.0 1980 100.0 

Seg. albino 1036 17.1 362 18.3 

Seg. light-green 684 11.3 - -

Seg. albino and 
light-green 81 1.3 

Total Segregation 1801 29.7 

* Light-green mutations were not scored in the "lg" population. 

to the frequency of albino mutants observed in the "normal" population; 

therefore indicating that the frequency of induced mutations was similar 

in both the "lg" and "normal" populations. 

The data obtained indicate that with the mutagen treatment em

ployed in this experiment, at least 31 chlorophyll mutations (18.4 albino 

and 12.6 light-green) were induced per 100 plants. Higher frequencies 

of induced mutations have been reported in experiments with diethyl sul

fate in barley (Mohan Rao 1972). Most probably, the frequency of induced 

mutations estimated in the present experiment is an underestimate of the 

total number of mutations induced. Albino seedlings in some of the rows, 

for example, could have been due to more than one mutational event. 
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In the present experiment, 60 percent of the induced chlorophyll 

mutations were albino and 40 percent were light-green. These frequencies 

are similar to those observed in X-ray mutation experiments with barley 

(Ehrenberg, Gustafsson and Lundqvist 1961). Other authors have reported 

that diethyl sulfate induces more light-green than albino mutations 

(Heiner et al. 1960). However, it is also possible that the mutation 

spectrum observed in this experiment could have been influenced by 

environmental conditions. For example, many chlorophyll mutational 

events have been reported to show a more extreme phenotype (i.e., albino 

versus light-green) when grown under field conditions (Holm 1954, Nybom 

1955). 

The frequencies of rows not segregating albino mutants in the 

"alb" population, or light-green mutants in the "lg" population are .080 

and .034 respectively. These frequencies can be used to estimate the 

map distance between the alb-528 or lg-410 loci and the T2-7d break

point. In the present experiment the seed treated were seed and only 

semisterile green plants were harvested in the fields. These 

plants were either homozygous dominant or heterozygous for the seedling 

lethal genes. The homozygous dominant plants -were the result of the 

combination of crossover and non-crossover gametes, If recombination 

is equal in both sexes, the frequency of homozygous dominant plants is 

2 2 
p-p /1+p -p, where £ is the frequency of recombination between the trans

location break-point and each seedling lethal locus. The frequency of 

homozygous dominant plants is the frequency of rows that are not 

segregating for the recessive seedling lethal allele. This frequency 
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cannot be estimated directly from the rows because of induced muta

tions with similar phenotype to the alb-528 or lg-410 mutations. This 

frequency can be estimated assuming that the frequencies of rows segre

gating for induced albino or light-green mutations in the "alb" and "lg" 

populations are similar to those recorded in the "normal" population. 

For example, the frequency of M^F^ rows homozygous for the dominant 

Alb-528 plants in the "alb" population is the frequency of M^ rows not 

segregating albino mutants in the "alb" population (.080) plus the fre

quency of M2 rows homozygous for Alb-528 but segregating for induced 

albino mutations (.184 of the rows homozygous for Alb-528). In this way, 

the frequency of "alb" rows not segregating for alb-528 was estimated to 

be .098 and the frequency of "lg" rows not segregating for lg-410 was 

2 2 
estimated to be .039. Equating these frequencies to p-p /1+p -p, and 

solving for £ will give estimates of the recombination between each 

marker gene and the T2-7d translocation break-point. The values obtained 

were .04 for lg-410 and .10 for alb-528. 

Different morphological mutants were observed in the 1^ genera

tion. These mutations affected almost every part of the plant such as 

growth habit (dwarfs, prostrate growth habit, many nodded dwarfs), 

waxines (glossy mutants), and spike characteristics (rattail spike, 

curly awns, erectoides). Hie frequency of morphological mutations, 

although not recorded, was much lower than the frequency of chlorophyll 

mutations. 

At flowering time all M2 rows were examined and those that showed 

no plants, or very few plants, with elongated outer glumes were selected. 
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Because of the possibilities of chimeras, of contaminant plants from 

previous mechanical operations or from outcrossed seed set on the 

plants, and of trisomic plants in the row, at least three different 

plants from each selected row were crossed onto male sterile plants from 

the BTT line 63-j-18-17. 

At maturity, all plants from the selected rows were pulled and 

classified as either male sterile, semisterile or with elongated outer 

glumes. Based on this classification, about 50 percent of the rows 

selected at flowering time were rejected. The rows finally selected 

from each Mg field and their basis for selection are shown in Tables 3, 

4, and 5. 

In the "alb" and "lg" population, rows carrying a haplo-viable 

mutation were expected to contain only semisterile plants, but as men

tioned previously, some of the rows in these two populations came 

from homozygous dominant plants. Also, in the case of the "lg" 

population, plants homozygous for lg-410 could have survived to maturity. 

For example, in row 3-2 (Table 4) the male sterile plants proved later 

to be also homozygous for a light-green chlorophyll deficient allele. 

Therefore, some of the rows selected in these populations (Tables 4 and 

5) did segregate for male sterile plants. 

In all, 70 rows, or .64 percent of the total Mg rows, were 

selected. Of these, 34 were from the "normal" population, 18 were from 

the "lg" population and 18 were from the "alb" population. 
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Table 3. Segregation of TA^ r°ws selected from the "normal" population. 

M£ Row Segregation* 
e SS msg 

Row Segregation* 
e SS msg 

1-1 ' 3 15 15 28-8 - 23 20 

22-1 2 15 17 29-104 - 15 21 

22-2 - 35 19 29-105 - 22 19 

23-5 - 29 16 30-1 1 20 19 

23-100 4 19 16 30-2 3 25 24 

23-101 3 23 21 30-101 2 18 12 

25-2 - 8 5 30-102 - 13 15 

25-3 - 18 11 30-103 - 27 19 

25-4 - 18 16 30-104** 2 24 19 

25-5 - 25 13 30-106*** 4 18 19 

25-7 - 18 21 30-109 3 12 13 

25-8 - 36 16 30-201 2 15 21 

25-100 2 16 16 30-205 1 17 16 

27-2 - 21 19 30-301 1 17 24 

27-10 - 16 13 30-401 - 20 21 

27-503 3 16 19 30-405 1 14 15 

27-507 - 19 21 30-406 - 18 27 

* e = elongated outer glume, SS = semisterile, msg = male sterile. 

** Row segregated light-green seedlings. 

*** Row segregated albino seedlings. 
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Table 4. Segregation of rows selected from the "lg" population. 

M2 Row Segregation 
e SS msg 

Row Segregation 
e SS msg 

1-500 - 15 18 3-2 - 30 20 

1-501 - 7 5 3-3 - 16 14 

2-2** - 7 1 3-4 - 18 16 

2-5*** - 17 27 3-5 - 24 1 

2-6*** 3 27 31 3-500 - 3 6 

2-501*** 2 35 37 3-504 All semisterile 

2-503 2 14 15 30-304** - 31 -

2-506 5 28 21 30-404 All semisterile 

3-1 5 21 23 30-500 6 6 

* See Table 3 for abbreviations. 

** Row segregated albino seedlings. 

*** Row did not segregate for light-green seedlings. 
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Table 5. Segregation of rows selected from the "alb" population. 

Row Segregation Row Segregation 
e SS msg e SS msg 

1-3** - 18 14 28-510 - 16 -

1-4** 1 13 9 29-101 1 31 3 

16-701 All semisterile 30-7** - 38 25 

16-703 All seraisterile 30-9** 6 29 28 

28-1** - 27 12 30-107** 4 18 21 

28-2 - 35 3 30-204** 2 18 21 

28-3 - 29 - 30-207** - 22 25 

28-7** - 32 27 30-208 All semisteri! 

28-500** 3 12 12 30-411 1 30 1 

* See Table 3 for abbreviations. 

** Row did not segregate for albino seedlings. 
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Third Generation After Mutation 

The cross of a plant carrying a haplo-viable mutation linked in 

repulsion -with Msr2 onto an m'sg2 plant should produce mostly male sterile 

plants. Selfed seed from plants carrying a haplo-viable mutant should 

produce semisterile and male sterile plants in a 1:1 ratio. Lines in 

which at least one plant was selected as carrying a haplo-viable muta

tion are shown in Table 6 (only those plants that were crossed with 

ms£2 are shown). In all, 24 of the 70 lines were selected as carry

ing a haplo-viable mutation. 

In many cases, the results of crossing some plants from an Mg 

row -with male sterile plants indicated presence of a haplo-viable 

mutation, -while the results of crosses involving other plants in the same 

row did not. For example, in Table 6, plants -a and -b from the M2 line 

25-7 when crossed with male sterile plants segregated mostly male 

sterile plants, but plant -c when crossed with a male sterile plant 

produced male fertile and male sterile plants in about a 1:1 ratio 

(indicated by M:m in Table 6). These cases could have occurred due to 

various possibilities: (a) the row was a result of a chimeric plant, 

and thus, some Mj semisterile plants carried a haplo-viable mutation and 

some did not; (b) the T°ws were contaminated; (c) the row was not 

chimeric, but the haplo-viable mutation was not closely linked with the 

Msg2 locus; (d) different semisterile M£ plants carried different haplo-

viable mutational events; (e) contaminations occurred in crossing, har

vesting or threshing in the generation; (f) mistakes in planting the 

Mj generation; and/or (g) combination of the previous reasons. 



Table 6. Classification of test-cross (ms x M2) and selfed progenies (M3 seg) of M2 
plants selected as carrying a haplo-viable mutation. 

"Normal" Population "lg" Population "alb" Population 
1*2 Plants msxM2 M3 sen . M2 Plants msxM2 M3 se.q, M2 Plants msxM2 M3 sep;, 1*2 Plants 

ry*
 |
 

03
 

ms C Ms ms 
M2 Plants 

Ms ms e Ms . ms 
M2 Plants 

Ms ins e Ms ms 

25-5-c 3 22 0 6 11 1-500-a-V* 0 32 0 2 6 16-701-a*** 0 51 0 8 0 
25-7-a 4 29 0 10 11 -b 0 21 0 1 4 _b*** M:m - - -

-b 3 29 0 10 5 -c 2 30 1 8 9 -C-k-k M:m _ _ 

-c M: - - - 2-5-a 4 27 1 10 10 30-9-a 4 17 - - -

27-507-a 3 SO 0 12 9 -b 3 25 1 6 8 -e M:m -

29-104-a** 1 19 2 10 9 2-6-a 8 21 2 12 17 30-107-a 7 24 - - -

-b 1 29 0 8 10 -b M:m _ - - -b 0 31 0 5 8 
30-1-a 5 49 - - - -c 1 19 1 9 8 -c 1 19 - - -

-b 3 •28 - - - 2-501-a 0 34 0 9 7 30-204-a 4 34 2 8 4 
-c 11 39 - - - -b 1 41 2 8 8 -c M:m - - -

30-2-a M :m - - - -c 0 23 0 9 9 30-207-a 1 11 _ _ 

-b 2 40 0 9 7 3-1-a 0 25 0 6 7 -b M;m - - -

-c - - - -b 6 28 - - - -c M:m - - _ 

30-109-a l 25 0 4 6 -c 1 20 0 10 8 
-b 17 24 - - - 3-2-a*^ 7 33 - - -

-c 8 17 - - - -b** 8 33 - - -

30-401-a M :m - - - -c^ 1 46 1 7 2 
-b 6 31 - - - 2-4-c** 1 30 5 6 5 
-c M:m - - - 3-304-a*** 4 40 - - -

30-405-a 2 30 - - - -c *** 7 30 - - -

-b M:m - - - 3-500-a 6 43 - - -

-c M:m - - - -b M:m - -

30-406-a 2 29 1 7 7 -c 3 38 - - -

-b 21 10 - - -

-c 12 34 - - -

* Ms: male fertile; ms: male sterile; e: elongated outer glume. 

** M2 plant segregated light-green seedlings. 

*** ̂ 2 plant segregated albino seedlings. 

•AA-AA- M:m = test cross segregated in a ratio 1 Ms:l ms. 
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The results obtained in the generation indicate that at least 

24 out of 10946 plants carried a haplo-viable mutation closely linked 

in repulsion with Msg2. A haplo-viable mutation induced in the trans

located chromosomes and close to the T2-7d break-point would show linkage 

with Msg2. If haplo-viable mutations were randomly induced at, or near 

to, any locus in the barley genome (2n = 14), one-seventh of these muta

tions should be on the translocated chromosomes. Therefore, the fre

quency of plants carrying a haplo-viable mutation was at least seven 

times the frequency of those plants that carried a haplo-viable 

mutation closely linked in repulsion with Msg2. That is, at least 1.7 

percent of the plants carried a haplo-viable mutation. This frequency 

is an underestimate, because only a fraction of those mutations induced 

in the translocated chromosomes would show linkage with the Msg2 locus, 

and probably only a fraction of these mutations were detected. 

Fourth Generation After Mutation 

The main objective of extending this study to the generation 

was to confirm the presence of induced haplo-viable mutations closely 

linked in repulsion with Msg2. Because of the facilities available, 

only 14 of the 24 lines that were selected as containing haplo-viable 

mutant plants (Table 6) were studied. These were the lines which showed 

the lowest frequencies of pollen transmission of the Msg2 allele. 

Semisterile plants from the 14 selected lines, when crossed 

with diploid male sterile plants from the BTT line 63-j-18-17, were 

expected to produce mostly male sterile plants. Selfed seed from these 

semisterile plants were expected to produce semisterile and male 
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sterile plants in a 1:1 ratio. Classification of crossed and selfed 

progenies of these lines are shown in Tables 8 to 21. 

Plants were classified as semisterile whenever they showed 60 

to 80 percent ovule fertility. More than 100 semisterile plants were 

examined cytologically and all showed a ring of four chromosomes at 

metaphase I. Plants that were highly fertile were examined cytologically 

and all showed seven bivalents (7 II) at metaphase I. Plants that 

showed low ovule fertility were examined cytologically and in two 

lines (Tables 11 and 15) these plants -were desynaptic. In one line 

(Table 11), some highly sterile plants were examined cytologically and 

all showed a ring of four chromosomes at metaphase I but no other 

cytological abnormalities were detected. 

Plants with aborted anthers were classified as male sterile. 

Plants with elongated outer glumes were difficult to classify as either 

semisterile or completely fertile. Some of these plants were examined 

cytologically and some showed 7 II's while others showed rings of four 

chromosomes at metaphase I. These results indicate that there is at 

least some recombination between the e locus and the T2-7d breaVpoint. 

In this study, plants that were classified as semisterile were 

assumed to be heterozygous for the translocation T2-7d and plants classi

fied as male sterile were assumed to be homozygous for- the msg2 allele. 

However, these plants could carry induced mutations that -would produce 

phenotypes similar to those conditioned by msg2 or T2-7d. 

The results obtained indicate that all the selected plants 

were heterozygous for msg2; all plants produced mostly male sterile 

plants when crossed unto msg2 plants from the BTT line 63-j —18—17. 
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All the selected plants were heterozygous for a translocation 

because in all plants about half of their progenies were semisterile 

plants. The translocation involved is most probably T2-7d because very 

little recombination was found between the translocation break-point 

and the Msg2 locus. This conclusion was inferred from the results ob

tained in the cytological examination of male sterile plants from the 

crossed and selfed progenies of semisterile plants. In the crossed 

progenies, 79 random male sterile plants were examined and all showed 

7 II at metaphase I. In the selfed progenies, 76 random male sterile 

plants were examined and 75 showed 7 II and one showed a ring of four 

chromosomes at metaphase I. The male sterile interchange heterozygote 

was found in the progeny of plant 3-2-c-b (Table 12). If some of the 

plants had been heterozygous for a translocation other than T2-7d, 

a higher frequency of male sterile interchange heterozygotes would have 

been found. These results agree with previous reports (Ramage 1962), 

indicating that there is less than .02 units of recombination between 

the male sterile locus and the T2-7d translocation break-point. 

Male sterile plants did not seem to carry factors for ovule 

sterility, because, when 53 of them were pollinated, all showed a very 

good seed set. 

Plants carrying a haplo-viable mutation very closely linked in 

repulsion with Msg2, when crossed onto male sterile plants, were expected 

to produce mostly male sterile plants. The few male fertile plants 

found in these progenies were also expected to be semisterile. But, 

when crosses are made under field conditions even the most rigid controls 
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cannot avoid contamination from foreign pollen, and since most of the 

lines in the field were not haplo-viable, it is likely that the con

taminant pollen carried the Msg2 allele. Thus, a few fertile plants 

were expected in the crosses of haplo-viable plants. 

Some semisterile plants from each selected line were examined 

cytologically and all of them showed a ring of four chromosomes at 

metaphase I. No other cytological abnormalities were detected up to the 

tetrad stage. 

Pollen stained with I-KI was examined in some M. semisterile 
4 

plants that were suspected of carrying a haplo-viable mutation. These 

plants and the results obtained are shown in Table 7. Pollen from three 

semisterile plants (-a, -b, and -c, in Table 7) obtained from a cross of 

T2-7d onto a male sterile plant was used as a control. In addition, 

pollen was examined in some "abnormal" plants that were either de-

synaptic (plants 25-7-a-a-2 and 25-7-a-a-3) or fertile and showed 7 II 

at metaphase I (plants 3-2-c-a-l and 3-2-c-b-l, in Table 7). The results 

obtained indicate that plants heterozygous for T2-7d have about 20 per

cent pollen abortion. These pollen grains appear wrinkled and are not 

stained with I-KI. These aborted pollen grains are most probably the 

result of duplication-deficiency gametes originating from adjacent 

disjunctions in the T2-7d interchange heterozygote. Normal pollen 

stains purple with I-KI. The frequency of aborted pollen grains in the 

control plants is similar to that observed in other barley interchange 

heterozygotes (Burnham et al. 1954). All semisterile plants examined 

also showed about 20 percent pollen abortion. In some plants, fewer 
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Table 7. Frequencies of aborted, unstained, and stained pollen grains 
in some haplo-viable plants. 

Plants Pollen Counts 
Frequencies 

Aborted Unstained Stained 

Control-a 699 19.5 80.5 
-b 304 23.4 76.6 
-c 718 22.4 77.6 

1-500-b-a-l 1255 16.2 40.4 43.4 

2-6-c-a-l 915 18.3 40.1 41.6 
-c-b-1 646 18.9 42.7 38.4 

3-2-c-a-l 1377 8.4 40.2 51.4 
-b-1 567 4.4 50.0 45.6 
-c-1 1088 14.2 42.9 42.9 
-2 585 10.3 45.4 44.3 

16-701-a-a-l 1322 8.6 46.6 44.8 
-e-1 1089 17.7 37.6 44.7 
-g-1 794 7.1 44.9 48.0 
-2 682 5.3 50.0 44.7 

25-7-a-a-l 1648 16.0 39.5 44.5 
-2 605 47.4 24.0 28.6 
-3 1116 43.3 20.8 35.9 

-c-b-1 1079 3.5 48.8 47.7 

30-2-b-a-l 1107 19.1 35.9 45.0 

30-107-b-b-l 396 23.7 39.4 36.9 
-2 1115 17.1 42.4 40.5 

-c-1 779 17.3 40.1 42.6 

30-109-a-a-l 352 22.7 77.3 
-2 322 21.2 78.8 
-3 333 18.6 81.4 
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aborted pollen grains were found. These low frequencies can be explained 

because the small aborted pollen grains tend to float away from the 

center of the slide and probably are not scored as frequently as they 

occur. In all plants, except those from line 30-109, pollen grains 

could be classified as either aborted, stained, or unstained. The un

stained pollen grains were of normal size and in some plants they appeared 

completely empty, while in other plants they appeared to be partly 

stained. The frequencies of stained and unstained (but not wrinkled) 

pollen grains -were similar in all plants in which the unstained pollen 

grains were detected- These results indicate the presence of a haplo-

viable mutation in which the gametes carrying the mutant allele produce 

the unstained pollen grains, while the gametes carrying the normal 

allele appeared fully stained. 

In the following sections, the results of the study of each one 

of the selected 14 lines are presented in Tables 8 to 21. The table 

for each selected line includes the progeny of an row (progeny of a 

single plant). These progenies include (1) the plants selected in 

the row (M^ plants), (2) the results obtained in crosses of selected 

M2 plants with male sterile plants (msg2 x plant), (3) the phenotypic 

classification of plants (M^ segregation) derived from seed of one 

spike from each selected plant, (4) the plants selected in each row 

('M^ plants), (5) the results obtained in crosses of selected plants 

with male sterile plants (msg2 x plant), and (6) the classification 

of plants (M^ segregation) derived from seed of one spike from each 

selected plant. 



Line 1-500 

This line was selected from the "lg" population based on an 

phenotypic ratio of 15 semisterile to 18 male sterile plants. The 

progenies of plants selected from this row are shown in Table 8. The 

results of crossing M2 plants 1-500-a, 1-500-b, and 1-500-c with male 

sterile plants yielded mostly male sterile plants, The segregation 

of these, and of plants 1-500-e and 1-500-f that were not involved in 

crosses, indicate haplo-viable ratios. The results of crosses of 

plants unto male sterile plants indicate that all but two of the 

plants carried a haplo-viable mutation very closely linked with Msg2. 

The results observed in crosses with plants 1-500-b-a and 1-500-e-a are 

2 
homogeneous (X » .87, P .50 to .25) and. significantly differ

ent from a non-haplo-viable ratio (1 Ms:l ms ratio). These results 

could have been due to contamination, or to the possibility that the M2 

row 1-500 contained plants carrying two different haplo-viable muta

tional events. 

Plants examined in the generation -were obtained from seed 

from three spikes from the plant 1-500-b-a. Germination of the seed 

was very low, the lowest of all plants tested. Since the generation 

was planted less than a month after harvest, this low germination could 

be due to seed dormancy. About one-fourth of the plants germinated 

were light-green and all but five of these plants (indicated as un

classified in Table 8) survived to maturity. The light-green allele is 

probably not lg-410 because it did not show strong linkage with the Msg2 

locus. Of the 16 surviving light-green plants, 1 was trisomic, 3 showed 

an e phenotype, 2 were semisterile and 10 were male sterile. 



Table 8. Progeny of line 1-500 selected in the population.* 

M2 
Pi 

m x M2 
Ms ms 

M3 segr 
Ms ms 

M3 
pl 

m x 
Ms 

M3 
ms 

No. No. 
lg Segregation M2 

Pi 
m x M2 
Ms ms 

segr 
Ms ms 

M3 
pl 

m x 
Ms 

M3 
ms 

ptd gtd 
lg 

e SS ms T U 

-a 0 32 0 2 6 

-b 0 21 0 1 4 -a 13 77 101 78 21 8 27 36 2 5 

-c 2 30 1 8 9 -a 
-b 
-c 

0 
1 
0 

30 
28 
10 

-e 0 7 13 -a 10 35 

-f 0 7 9 -a 1 18 

^Abbreviations: 
M2 pi = M2 plant 

m x M2 = results of male sterile x plant 

M3 segr = M3 segregation 

M3 pi = plant 

m x M3 = results of male sterile x Mg plant 

M4 = generation 

ms = male sterile plants 

Ms = male fertile plants 

e = plants with elongated outer glumes 

No.ptd = number of seed planted 

No.gtd = number of plants germinated 

lg = light-green seedlings 

SS = semisterile plants 

T = trisomic plants 

U = unclassified plants 
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The plant 1-500-b-a probably carried a haplo-viable mutation 

because the ratio deviates significantly from a normal F£ ratio. 

This deviation is due to an excess of male sterile plants; over half of 

the classified diploid plants were male sterile. Also, pollen of one 

semisterile plant ( 1-500-b-a in Table 7) indicated the presence of 

haplo-viable mutation. All these data indicate the presence of at least 

one haplo-viable mutation in line 1-500. 

Line 2 -6 

This line was selected from the "lg" population based on an 

phenotypic ratio of 3 e plants:27 semisterile plants:31 male sterile 

plants. The progeny of line 2-6 is shown in Table 9, and the results 

indicate that two of the plants (2-6-a and 2-6-c) carried a haplo-

viable mutation. The results of crossing plants with male sterile 

plants and the results of the segregation of plants indicate a haplo-

viable mutation closely linked with Msg2. An excess of e plants was 

observed in the progeny of the plant 2-6-c-c, but the ratio of semi

sterile to male sterile plants in this progeny indicates a haplo-viable 

mutation. Thus, it is possible that the excess of e plants was due to 

contamination. Data shown in Table 9 and the results of pollen examined 

in two semisterile plants (Table 7) indicate a haplo-viable mutation 

in line 2-6. 

Line 2-501 

This line was selected from the "lg" population based on an 

phenotypic ratio of 2 e plants: 35 semisterile plants: 37 male sterile 



Table 9. Progeny of line 2-6 selected in the population.* 

M4 k M2 m x M2 M3 segr M3 m x M3 — — — — 
i "I—rr~—r _i rrz z No. No. Segregation pi Ms ms e Ms ms pi Ms ms z 

r ptd gtd e SS ms T 

-a 8 21 2 12 17 

-b M:m** 

c 1 19 1 9 8 -a 34 34 2 10 22 
-b 0 17 22 22 1 9 11 1 
-c 1 11 41 40 7 15 17 1 

* See Table 8 for abbreviations. 

** M:m = plants segretated in a 1 Ms:l ms ratio. 



plants. The progeny of line 2-501 is shown in Table 10. The results of 

crossing three plants with male sterile plants indicated that all 

three plants carried a haplo-viable mutation very closely linked with 

Msg2. However, when nine plants were crossed with male sterile 

plants, only one cross (ms x 2-501-a-a) produced mostly male sterile 

plants. The rest of the crosses produced non-haplo-viable ratios 

(1 Ms:1 ms), It is possible that mistakes were made in labelling the 

Mg rows. Another possibility is that the breeding behavior of the haplo-

viable mutant plants in line 2-501 was influenced by the environment 

since the Mg generation was grown in Tucson, Arizona, while the gener

ation was grown in Bozeman, Montana. The results obtained in the 

progeny (selfed and crossed) of plant 2-501-a-a indicate a haplo-

viable mutation in line 2-501. 

Line 3-1 

This line was selected from the "lg" population based on an 

phenotypic ratio of 5 e plants:21 semisterile plants:23 male sterile 

plants. The progeny of line 3-1 is shown in Table 11. The results 

indicate that all the M2 plants crossed with male sterile plants carried 

a haplo-viable mutation. The results obtained in the generation 

indicate that some plants in line 3-1 carried other mutations. 

Fertile plants in the progeny of the plant 3-1-a-a segregated 

for high ovule sterility. Pour fertile plants showed the expected seed 

set of semisterile plants (about 70 to 80 percent seed set), and 12 were 

highly sterile (about 10 to 30 percent seed set). This ratio suggests 

that high sterility could have been conditioned by a dominant factor. 



Table 10. Progeny of line 2-501 selected in the population-* 

M4 
M2 m X M2 M3 segr M3 m x M3 — - - — 

— rr-22 , — No. No. Segregation 
pi Ms ms e Ms ms pi Ms m ptd gt(J e SS ms I 

a 0 34 0 9 7 -a 3 16 
-b 15 13 
-c 3 4 

b 1 41 2 8 8 -a 21 21 
-b 9 20 
-c 20 12 

•e 0 23 0 9 9 -a 0 3 
-b 18 23 
-c 16 22 

40 40 3 21 15 1 

17 17 7 6 4 

47 46 8 17 19 2 

* See Table 8 for abbreviations. 



Table 11. Progeny of line 3-1 selected in the population.* 

M4 
M 2  m  x M 2  M 3  s e g r  M 3  m  x  M 3  —  —  Seg r e g a t i o n  
pl Ms ras e Ms ms pi Ms ms p°" ^ lg e SS mfu Sotes 

0 25 0 6 7 -a 4 14 35 34 7 18 9 ** 
-b 2 11 14 14 2 6 6 *** 

-b 6 28 

c 1 20 0 10 8 -a 0 11 
->b 1 14 33 33 1 17 16 
-c 1 10 17 17 1 1 5 10 

-d 0 14 

* See Table 8 for abbreviations. 

** Line segregated for high sterility. 

*** Line segregated for desynapsis. 

**** one plant was Mjs and had 7 II. 



Three highly sterile plants were examined cytologically and all three 

showed a ring of four chromosomes at metaphase I and no other cytological 

abnormality. A spike from each of these three plants was crossed with 

normal pollen and a good seed set (60 to 70 percent) was obtained. 

These three plants were classified in Table 11 as semisterile, while the 

remaining nine highly sterile plants were left unclassified. Thus, plant 

3-1-a-a carried a haplo-viable mutation (over half of its progeny con

sisted of male sterile plants) and segregated for high ovule sterility. 

It is possible that a relationship exists between the high sterility 

and the haplo-viable behavior. 

Fertile plants in the progeny of 3-1-a-b segregated also for 

high ovule sterility. Three plants showed the expected semisterile 

phenotype, and three were highly sterile (5 to 10 percent seed set). 

The highly sterile plants were examined cytologically and all showed 

metaphase I cells with univalents, a few bivalents and occasionally a 

ring of four chromosomes. Thus, these plants were heterozygous for a 

translocation (they are classified as semisterile in Table 11) and 

homozygous for a desynaptic condition. In addition, three of the male 

sterile plants were examined cytologically and two showed 7 Il's and 

one showed desynapsis. Thus, a desynaptic mutational event was also 

induced in line 3-1. A heritable desynaptic condition has been reported 

in the progeny of X-ray treated barley seed (Enns and Larter 1960). 

One light-green plant was observed in each of the progenies of 

plants 3-1-c-b and 3-1-c-c. Both light-green plants were almost albino 

at the seedling stage but gradually turned green, and by flowering time 



the plants had a light-green phenotype. Both plants survived to 

maturity and were classified as male sterile. These results indicate a 

haplo-viable mutation linked in coupling with a light-green allele. The 

ratio of male sterile:semisterile plants in the progenies of 3-1-c-b 

and 3-1-c-c indicate a haplo-viable mutation linked in repulsion with 

Msg2. Thus, the haplo-viable mutation should be linked in repulsion 

with Msg2 and in coupling with a light-green allele. If this was the 

case, the light-green plants should have been male fertile. However, it 

is possible that the light-green allele was responsible for the male 

sterile phenotype (aborted anthers). 

In the progeny of 3-1-c-c one plant was fertile, had normal 

glumes and showed 7 II at metaphase I; and another plant had elongated 

outer glumes but showed a ring of four chromosomes at metaphase I. Both 

plants could have originated by recombination between the £ locus and 

the T2-7d break-point. 

All data shown in Table 11 indicate that besides other induced 

mutations at least one haplo-viable mutation was induced in line 3-1. 

Line 3-2 

This line was selected from the "lg" population based on an 

phenotypic ratio of 30 semisterile to 20 male sterile plants. The 

progeny of line 3-2 is shown in Table 12. The results indicate that all 

selected plants carried a haplo-viable mutation linked in repulsion 

with Msg2 Furthermore, the results obtained in the generation indi

cate that the haplo-viable mutation was also linked in repulsion with a 

light-green allele. All progenies segregated in a 1:1 ratio for 



Table 12. Progeny of line 3-2 selected in the population.* 

M4 
M2 m x M2 ' M3 segr M3 m x M3 „ • • .. • _ v i T,— -l C7 No. No. , Segregation 
pi MS ms e Ms «lS P1 Ms ms pt<J ^ Ig 6 SS ms T Hotu 

a 7 33 -b 0 8 
-c 0 X 

b 8 33 -a 0 23 
-b 0 14 
-c 1 16 
-d 1 21 
-e 0 24 

c 1 46 1 7 2 -a 0 19 25 25 16 9 14 1 1** 
-b 1 7 26 25 12 11 11 1 
-c 0 9 30 29 16 12 16 
-d 0 2 
-g •Jck ** 60 59 24 4 31 24 

* See Table 8 for abbreviations. 

** Fertile plant, light-green and 

*** Male sterile plant with a ring 

**** Triploid plant. 

7 II at metaphase I. 

of four chromosomes at metaphase I. 



normal and light-green seedlings. The light-green phenotype was observed 

at the second leaf stage. Later the light-green seedlings turned green 

and at flowering time normal and light-green plants were undistinguish-

able. 

The light-green allele is most probably lg-410 because the line 

was selected from the "lg" population and because the results obtained 

in the generation indicate linkage between the light-green and msg2 

alleles since all but three of the light-green plants were also male 

sterile. The three exceptions were a trisomic plant and two fertile 

plants. The fertile plants were examined cytologically and showed 7 II 

at metaphase I. Furthermore, the pollen in these two fertile plants 

was examined and the results obtained (plants 3-2-c-a-l and 3-2-c-b-l, 

Table 7) indicate that these plants carried a haplo-viable mutation. 

These results suggest that the gene order in the translocated chromosome 

is as follows: a haplo-viable allele, Msg2, T2-7d break-point and Lg-410. 

Most of the pollen will carry the normal haplo-viable allele, msg2, the 

normal chromosome complement and the lg-410 allele- The results obtained 

in the generation indicate that very little recombination occurs be

tween these loci, but as mentioned previously (Ramage 1963) there is some 

recombination (less than .02) between the T2-7d break-point and the 

Msg2 locus. This recombination can explain the origin of the fertile, 

light-green and haplo-viable plants. A crossover between the T2-7d 

break-point and the Msg2 locus will give rise to gametes carrying the 

haplo-viable allele, Msg2, the normal chromosome complement and the lg-

410 allele. These gametes will not be transmitted through the pollen. 



However the union of these, as female gametes, with-the normal male 

gametes will give rise to plants that will be fertile, light-green and 

will show 7 II at metaphase I, 

Furthermore, a crossover between the T2-7d break-point and the 

Msg2 locus will also give rise to gametes carrying the normal haplo-

viable allele, msg2, T2-7d break-point and the Lg-410 allele. The union 

of these, as female gametes, with the normal male gametes will give rise 

to plants that will be male sterile and green and will show a ring of 

four chromosomes at metaphase I. Such a plant was found in the progeny 

of 3-2-c-b (Table 12). 

The conclusions drawn from all data obtained from line 3-2 indi

cate that a haplo-viable mutation was induced very closely linked in 

repulsion with Msg2 and with lg-410. 

Line 3-4 

This line was selected from the "lg" population based on a 

phenotypic ratio of 18 semisterile to 16 male sterile plants. The 

progeny of line 3-4 is shown in Table 13. Plants in line 3-4 segregated 

for light-green seedlings which later turned green and survived to 

maturity. The light-green allele is probably lg-410 because line 3-4 

was selected from the "lg" population and because, in those progenies 

segregating for light-green seedlings, all male sterile plants were 

light-green. Only two of the light-green plants were semisterile. The 

results obtained indicate that the M2 plant 3-4-c carried a haplo-viable 

mutation linked in repulsion with Msg2. Most of the progeny in the cross 

of this plant with a male sterile plant consisted of male sterile plants. 



Table 13. Progeny of line 3-4 selected from the M£ population.* 

M2 
Pi 

m x M2 
Ms ms 

M3 segr 
e Ms ms 

M3 
Pi 

m x M3 
Ms ms 

M4 
No. 
ptd 

No. 
gtd lg 

SS ms T U 

-a 1 1 36 35 14 3 18 14 
-b 7 4 15 15 5 1 8 4 1 1 
-c 13 0 12 12 3 6 3 

d 1 10 11 -a 15 14 6 4 5 5 
-b 25 23 10 4 8 10 1 

* See Table 8 for abbreviations. 
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However, the results obtained in the generation indicate that the 

mutation is not closely linked with the Msg2 locus. Only the progeny of 

2 
3-4-c-a segregated in a ratio significantly different (X = 6.93, 

P .050 to .025) from an F2 ratio. Plant 3-4-c-c when crossed onto a 

male sterile plant produced only semisterile plants. This result indi

cates that in this plant the haplo-viable mutation is linked in coupling 

with Msg2. 

Line 16-701 

This line was selected from the "alb" population based on an 

row that contained only semisterile plants. The progeny of line 16-701 

is shown in Table 14. 

The plant 16-701-a produced only male sterile plants when 

crossed with a male sterile plant. The plant 16-701-b produced male 

fertile and male sterile plants in about a 1:1 ratio when crossed onto 

a male sterile plant. However, the results obtained from the cross of 

16-701-b are probably erroneous because the progeny of this plant 

was not different from the progeny of 16-701-a. The results observed 

in the crosses of plants onto male sterile plants are fairly homo

geneous and indicate a haplo-viable mutation closely linked in repul

sion with Msg2. Pollen transmission of the Msg2 allele is about ten 

percent. All progeny of plants segregated in a 1:1 ratio for green 

and albino seedlings. The total for all progenies from line 16-701 

was 272 green and 288 albino seedlings. This segregation could have 

been due to two different albino genes closely linked in repulsion. 

However, seed from ten semisterile plants found in the progenies of 



Table 14. Progeny of line 16-701 selected in the population.* 

M4 
M2 in x M2 M3 segr M3 m x M3 — — ~ r-: 

pi mT"S e Ms ms Pi Mi~ii H°; alb** Se«"ft"° 
ptd gtd e SS ms 

0 51 

-b 1 17 

-a 3 43 41 41 21 2 17 0 1 
-b 1 15 49 48 26 3 19 0 
-c 5 24 57 55 32 l 21 0 1 
-d 0 15 82 81 42 2 37 0 
-e 4 15 99 96 46 4 45 0 1 
-f 2 23 90 83 44 3 34 0 2 
-g 4 49 41 41 22 1 17 0 1 
-h 73 72 36 2 32 0 2 

-a 3 3 60 43 19 4 20 0 

* See Table 8 for abbreviations. 

** alb = number of albino seedlings. 

*** M:m indicates a ratio of about 1 Ms:l ms. 



the crosses of plants with male sterile plants were germinated and 

all produced only green seedlings. No male sterile plants appeared in 

any of the progenies. All plants were heterozygous for msg2 

because when crossed onto male sterile plants from the BTT line 

63-J-18-17, they produced mostly male sterile plants. In addition, a 

spike from two plants (16-701-a-e and 16-701-a-a) were emasculated 

and crossed with a trisomic plant from a BTT line balanced for msg2. 

Most of the pollen from the trisomic plant is expected to be haploid 

and carry the msg2 allele. The progenies of these two crosses segre

gated in a 1:1 ratio for semisterile and male sterile plants. These re

sults indicate that the haplo-viable-mutation was very closely linked 

in repulsion with Msg2 and an albino allele. The albino allele is 

probably alb-528 because line 16-701 was selected from the "alb" 

population. However, as previously reported in the present experiment 

there is about . 10 units of recombination between the alb-528 locus and 

the T2-7d break-point. Thus, the alb-528 locus should show some recombi

nation with the Msg2 locus because Msg2 is about .02 units from the 

T2-7d break-point. However, these results could also be explained if a 

chromosomal mutation was induced in the area of the Msg2 and alb loci, 

i.e., an inversion including the Msg2, the albino, the haplo-viable muta

tion loci either in the translocated or in the normal chromosomes. In 

this way, the msg2 and alb-528 alleles will be inherited as a unit. 

Another possibility is a chromosomal deficiency induced in the trans

located chromosomes between the Msg2 and Alb-528 loci, which could behave 

as a haplo-viable mutation (Stadler 1933). 
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About ten percent of the green plants showed an e phenotype, 

and all were also male fertile. Ten of these plants were examined 

cytologically and three plants showed 7 II and seven showed a ring of 

four chromosomes at metaphase I. Thus, most of these plants originated 

from recombination between the e locus and the T2-7d break-point. 

The results of pollen examinations in four semisterile plants 

(Table 7) indicated the presence of a haplo-viable mutation. All the 

results obtained indicate that line 16-701 carries a haplo-viable muta

tion very closely linked in repulsion with Msg2 and an albino allele, 

probably alb-528. 

Line 25-7 

This line was selected from the "normal" population based on an 

phenotypic ratio of 18 semisterile to 21 male sterile plants. The 

progeny of line 25-7 is shown in Table 15. 

The results obtained from the crosses of selected plants with 

male sterile plants indicate that the Msg2 allele was frequently trans

mitted through the pollen. However, the results obtained in the 

generation indicate very low transmission of the Msg2 allele; the 

progenies of selected plants were male sterile and semisterile in 

about a 1:1 ratio. Only one plant with e phenotype was found among 

these progenies. Furthermore, the pollen from two semisterile plants 

(25-7-a-a-l and 25-7-c-b-l, in Table 7) was examined, and the results 

indicate a haplo-viable mutation. 

All plants selected in the generation segregated for high 

sterility (seed set about 5 to 10 percent). Out of a total of 49 fertile 



Table 15. Progeny of line 25-7 selected in the population.* 

M4 
M2 m x M2 M3 segr M3 m x M3 — — 

77-* _i — r No. No. Segregation pi Ms ms e Ms ms pi Ms ms • 0—0 _ TT—r—— r ptd gtd e SS ms T U Notes 

a 4 29 0 10 11 -a 7 16 30 28 1 14 11 1 1 *** 

-b 3 43 40 38 15 21 2 *** 

-c 13 29 

•b 3 29 0 10 5 -a 3 2 
-b 4 12 
-c 9 37 

c 0 10 14 -a 3 14 
-b 3 21 33 33 17 15 1 •kick 

f 0 6 12 

* See Table 8 for 

** Msm indicates a 

*** Line segregated 

abbreviations. 

ratio of about 1 Ms:l ms. 

desynaptic plants. 



plants, 40 were semisterile and 9 were highly sterile. Three highly 

sterile plants were found in each progeny. This ratio indicated 

2 
that high sterility was controlled by a single recessive factor (X for 

3:1 = 1.16, P .25 to .10). Six of the highly sterile plants were 

examined cytologically and all showed metaphase I cells with univalents, 

a few bivalents and occasionally a ring of four chromosomes. The 

chromosomes were paired in the early stages of prophase and unpaired in 

the later stages. In addition, all metaphasic chromosomes appeared 

much more contracted than those observed in cells from normal plants. 

These observations indicate that these plants were homozygous for a 

desynaptic condition. A similar desynaptic condition has been previously 

described by Moh and Nilan (1954) in a mutant plant isolated among the 

progeny of barley seed exposed to atomic bomb radiation. Pollen was 

examined in two highly sterile plants, 25-7-a-a-l and 25-7-a-a-2 (Table 

7). The results indicated that about 45 percent of the pollen grains 

were wrinkled and unstained. These aborted pollen grains were probably 

the result of deficient gametes that occur in desynaptic plants, How

ever the rest of the pollen grains were plump but only half of these 

pollen grains were stained. These results suggest that the two highly 

sterile plants were also heterozygous for a haplo-viable mutation.. Thus, 

the highly sterile plants were heterozygous for a translocation (most 

probably T2-7d) and a haplo-viable mutation, and homozygous for a de

synaptic condition. Highly sterile plants that were examined cytological

ly are classified as semisterile in Table 7, while the other three highly 

sterile plants that were not examined cytologically are indicated in 

Table 15 as unclassified. 



Line 27-507 

This line was selected from the "normal" population based on a 

phenotypic ratio of 19 semisterile to 21 male sterile plants. The 

progeny of line 27-507 is shown in Table 16. The results observed in 

the progenies of selfed and crossed plants indicate a haplo-viable 

mutation closely linked in repulsion with Msg2. 

Abnormal plants were found in the progenies of some plants; 

ten plants in the progeny of 27-507-a-c and three plants in the progeny 

of 27-507-d-a. The abnormal plants were all similar in that they were 

short, weak and slow in development, but all survived to maturity. Out 

of a total of 13 abnormal plants, 7 were male sterile and 6 appeared to 

be semisterile. Some of these plants were examined cytologically and 

they showed either 7 II if the plant was male sterile or a ring of four 

chromosomes if the plant was fertile. The abnormal condition in these 

plants was probably controlled by a single recessive factor not linked 

with the T2-7d break-point. 

The plant with the e phenotype in the progeny of 27-507-a-a was 

examined cytologically and found to be heterozygous for a translocation. 

The other two plants with e phenotype in Table 16 were male fertile and 

had 7 II at metaphase I. 

Line 29-104 

This line was selected from the "normal" population based on an 

phenotypic ratio of 15 semisterile to 21 male sterile plants. The 

progeny of line 29-104 is shown in Table 17 and results indicate haplo-

viable behavior in all plants selected. 



Table 16. Progeny of line 27-507 selected in the population.* 

M4 
M2 m x M2 M3 segr M3 m x M3 — « — 

rr - 0  ,  -  No. No. Segregation 
pi Ms ms e Ms ms pi Ms ms . ,  .  ,  g—a  —77—— 
r  r  ptd gtd e SS ms T Notes 

-a 3 50 0 12 9 -a 0 7 19 19 1 13 5 
-b 0 5 16 16 8 7 1 
-c 3 25 56 54 2 23 27 2 ** 

-d -a 0 2 10 10 6 3 1 ** 

-f -a 0 12 

-g -a 0 7 

-h -a 0 12 

* See Table 8 for abbreviations. 

** Line segregated for abnormal plants. 



Table 17. Progeny of line 29-104 selected in the population.* 

M4 
M2 m x M2 M3 segr M3 m x M3 - - - — 

rr-̂  ~ No. No. „ Segregation 
pi Ms ms e Ms ms pi Ms ms ,  lg g—a  — 
r  r  ptd gtd &  e SS ms T 

1 19 2 10 9 -a 1 12 14 13 12 

29 29 29 1 15 13 

-b 1 29 0 8 10 

-c 0 8 9 

-d 

-f 

M3 m x M3 
Pi Ms ms 

-a 1 12 
-b 0 10 
-c 0 3 
-d 9 22 

-a 3 11 
-b 1 4 
-c 2 21 

-a 0 8 

-a 0 2 

-a 0 1 

29 29 1 15 12 
26 26 2 11 13 

* See Table 8 for abbreviations. 



55 

All diploid plants from 29-104-a-a and all plants from 29-104-a-d 

were light-green at the seedling stage. All plants gradually turned 

green and were undistinguishable from normal plants at maturity. No 

light-green seedlings were observed in the progenies of either 29-104-b-b 

or 29-104-b-c. 

Line 30-2 

This line was selected from the "normal" population based on an 

M2 phenotypic ratio of 3 e plants:25 semisterile:24 male sterile plants. 

The progeny of line 30-2 is shown in Table 18. The results in Table 18 

and the observations made of pollen from one semisterile plant (plant 

30-2-b-a-l, Table 7) indicate a haplo-viable mutation in this line. 

In the progeny of the plant 30-2-b-a, one plant had elongated 

outer glumes and a ring of four chromosomes at metaphase I, and two 

plants had normal glumes, were completely fertile and showed 7 II at 

metaphase I. These three plants could have originated from recombina

tion between the e locus and the T2-7d break-point. 

Line 30-107 

This line was selected from the "alb" population based on an Mg 

phenotypic ratio of 4 e plants:18 semisterile:21 male sterile. The 

progeny of line 30-107 is shown in Table 19. The results indicate that 

the M2 plant 30-107-b carried a haplo-viable mutation very closely 

linked in repulsion with Msg2. This plant, when crossed onto a male 

sterile plant, produced only male sterile progeny. The same results 

were observed in three plants derived from 30-107-b when they were 



Table 18. Progeny of line 30-2 selected in the M2 population.* 

M4 
M2 m x M2 M3 segr M3 toxJH ^^ Segregation 
pi Ms ms e Ms ms pi Ms ms , ' °® -—rr—— r r ptd gtd e SS ms T Notes 

-a M:m** 

-b 2 40 0 9 7 -a 2 22 67 66 1 28 34 1 2*** 
-b 2 23 13 12 5 7 
-c 21 20 8 12 

-c M:m 

-e 1 11 11 

* See Table 8 for abbreviations. 

** M:m indicates a ratio of about 1 Ms:l ms. 

*** Two of the plants were Ms and had 7 II. 



Table 19. Progeny of line 30-107 selected in the population.* 

M4 
M2 m x M2 M3 segr M3 m x M3 — ~ ~ 

— ,  — No. No. Segregation 
pi Ms ms e Ms ms pi Ms ms . ,  .  ,  . .  "—-——— 
* ptd gtd e SS ms T Notes 

-a 7 24 

-a 0 15 37 35 1 14 19 1** 
-b 0 12 17 17 2 8 7 
-c 0 18 21 20 1 4 15 

-a 12 12 3 6 3 
-b 21 20 2 8 8 2 

* See abbreviations in Table 8. 

** One plant was 7 II, Ms and had normal glumes. 
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crossed with male-sterile plants. The segregation of these plants 

consisted of semisterile and male sterile plants in about a 1:1 ratio. 

An excess of male sterile plants was,observed in the progeny of 30-107-

b-c. Four plants in the generation had elongated outer glumes. When 

examined cytologically, three showed rings of four chromosomes at meta-

phase I and one (in the progeny of 30-107-b-b) showed 7 II at metaphase 

I. Thus, these plants probably originated from recombination between 

the e locus and the T2-7d break-point. Pollen was examined in three 

plants (plants 30-107-b-b-l, 30-107-b-b-2, and 30-107-b-c-l, Table 7) 

and the results indicated a haplo-vlable mutation. Thus, the plant 

30-107-b carried a haplo-viable mutation very closely linked in re

pulsion with Msg2. 

The M2 plant 30-107-c produced mostly male sterile plants when 

crossed unto a male sterile plant. However, the progeny of one of the 

plants selected in the generation (30-107-c-a) -was no different from 

a normal F2 ratio. The progeny of the other plant (30-107-c-b) was 

too small to determine whether it segregated in a haplo-viable ratio or 

an ratio. 

Line 30-109 

This line was selected from the "normal" rows based on a 

phenotypic ratio of 3 e plants: 12 semisterile:13 male sterile plants. 

The progeny of line 30-109 is shown in Table 20. The results indicate 

that the plant 30-109-b carried an induced haplo-viable mutation very 

closely linked in repulsion with Msg2. Two plants with elongated outer 

glumes were obtained in the progeny of 30-109-a-a. One plant was 



Table 20. Progeny of line 30-109 selected in the M£ population.* 

M4 
M2 m x M2 M3 segr M3 m x M3 — — Segregation 
pi Ms ms e Ms ms pi Ms ms iNO* 1NO' segregation 

-b 17 24 

-c 8 17 

ptd gtd e SS ms T Notes 

-a 1 25 0 4 6 -a 0 11 88 84 2 32 46 4 
-b 0 15 13 13 3 10 

* See Table 8 for abbreviations. 



examined cytologically and showed a ring of four chromosomes at meta-

phase I. The other plant with elongated outer glumes was very weak, 

appeared to be a trisomic and died shortly after flowering. 

Pollen was examined in three semisterile plants: 30-109-a-a-l, 

30-109-a-a-2 and 30-109-a-a-3 (Table 7), The results of these examina

tions were not different from those obtained with control plants, indi

cating that the three plants may not carry a haplo-viable mutation. 

However, it is also possible that the haplo-viable mutation is not mani

fested in the pollen grains with the I-KI stain- Rhoades and Rhoades 

(1939) reported that maize pollen grains carrying the sp 2 allele are 

only smaller in size than normal pollen, but otherwise, the pollen 

grains were filled with starch and contained two apparently normal 

sperm-nuclei. 

Line 30-406 

This line was selected from the "normal" population based on an 

M2 phenotypic ratio of 18 semisterile to 27 male sterile plants. The 

progeny of line 30-406 is shown in Table 21. The results indicated that 

only one of the three plants selected in the M generation (30-406-a) 

carried a haplo-viable mutation. The results obtained from crossing 

selected plants with male sterile plants indicate that this mutation 

is not very closely linked with Msg2. Furthermore, one of the plants 

selected (30-406-a-d) segregated in a non-haplo-viable ratio, while in 

the other two plants the ratios obtained indicated a haplo-viable muta

tion that allowed some transmission of the Msg2 allele. 



Table 21. Progeny of line 30-406 selected in the population.* 

M4 
M2 m x M2 M3 segr M3 m x M3 

-b 21 10 

-c 12 34 

No. No. Segregation 
pi Ms ms e Ms ms pi Ms ms . , . , -—r—; r r ptd gtd e SS ms T Notes 

a 2 29 1 7 7 -a 
-b 

10 
1 

30 
22 

46 46 7 23 16 

-c 6 34 44 44 2 24 17 
-d 14 13 3 5 4 1** 

* See abbreviations in Table 8. 

** One plant was Ms, 7 II and had normal glumes. 



DISCUSSION 

The results obtained in this experiment indicate that haplo-

viable mutations closely linked in repulsion with Msg2 can be induced 

with diethyl sulfate and can be detected with appropriate marker stocks. 

Out of 10946 plant progenies, 70 lines were selected as 

possibly carrying a haplo-viable mutation. Progeny of 24 of these lines 

indicated that some plants carried a haplo-viable mutation closely 

linked in repulsion with Msg2. This frequency indicates that at least 

1.7 percent of the plants carried a haplo-viable mutation (one-seventh 

of these mutations were detected). 

Fourteen of the line selected as carrying a haplo-viable mutation 

were studied through the generation. The results obtained indicate 

that at least one plant in each of these lines carried a haplo-viable 

mutation linked in repulsion with Msg2. These plants produced mostly 

male sterile plants when crossed onto diploid male sterile plants. 

Selfed progeny of haplo-viable plants consisted of semisterile and male 

sterile plants in a 1:1 ratio. Pollen from semisterile plants consisted 

of about 20 percent aborted pollen grains and 80 percent full and plump 

pollen grains. The aborted pollen grains are probably the result of 

duplication-deficiency gametes from adjacent disjunctions in the inter

change heterozygote T2-7d. The frequency of aborted pollen grains is 

similar to those obtained in other barley interchange heterozygotes 

(Burnham et al. 1954). The plump pollen grains, when stained with I-KI 
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segregated in two types, stained and unstained, in a 1:1 ratio (Table 7). 

This segregation was observed in all plants that were examined, except 

in plants from line 30-109. The phenotype of pollen grains in this 

line was not different from that of normal semisterile plants. 

In some lines, all plants selected from the same row produced 

haplo-viable progenies. This behavior could have been due to the presence 

of one haplo-viable mutational event in the row or" to different muta

tional events. Chimeras are expected in all mutation experiments but 

more so in the present experiment because the rows were derived from 

several spikes-from a single plant. Allele tests involving haplo-

viable plants will be difficult to accomplish since gametes carrying the 

haplo-viable mutation may not be transmitted through the pollen. A test 

may be possible by establishing primary trisomies interchange homozygotes 

balanced for the haplo-viable allele. The extra chromosome will be 

normal and carry the normal allele of the haplo-viable mutation. The 

translocated chromosomes will carry the haplo-viable allele. These 

plants will produce two kinds of eggs and only one kind of pollen; viable 

pollen will have to carry an extra chromosome because haploid pollen 

is nonfunctional. These trisomic plants should produce trisomic and 

tetrasomic plants. Pollen from the trisomic plants could be used to 

test for allelism with other haplo-viable mutants. However, due to 

possible dominant interactions, the gametes carrying the haplo-viable 

allele, along with the normal allele carried on the extra chromosome, 

may not be transmitted through the pollen. Haplo-viable mutants in which 

such interactions occur could be used as a tool in the BIT system to 



avoid any pollen transmission of the extra chromosome. Tertiary tri-

somic plants can be readily established from progenies of interchange 

heterozygotes (Ramage 1960). Thus, most of the haplo-viable lines in 

this experiment could be established in a BTT system. The extra chromo

some should be an interchanged chromosome and should carry the Msg2 and 

the mutant haplo-viable alleles. The normal chromosomes should carry 

the msg2 allele and the normal allele at the haplo-viable locus. If 

gametes carrying the haplo-viable mutation are never transmitted through 

the pollen the extra chromosome, and thus the Msg2 allele, will never 

be transmitted through the pollen. These "dominant" haplo-viable muta

tions could thus avoid the pollen transmission found in some BTT lines 

(Lehman 1972). 

The frequency of pollen transmission of the Msg2 allele gives an 

indication of the extent of the linkage between the Msg2 and the haplo-

viable loci. In different lines different frequencies were observed. 

In some of the lines very little pollen transmission of the Msg2 allele 

was found, e.g., lines 3-2 (Table 12) and 30-109 (Table 20). The differ

ent frequencies of pollen transmission of the Msg2 allele observed in 

different haplo-viable plants could have been due to various possibili

ties such as different haplo-viable mutations, contamination or secondary 

mutations. Contaminations occur whenever plants are crossed under field 

conditions. If the frequency of pollen transmission of the Msg2 allele 

is very low, the error due to contamination may be greater than the 

actual frequency of pollen transmission. A secondary mutation such as an 

inversion or a deficiency could have reduced pollen transmission of the 
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Msr2 allele in certain lines. For example with an inversion including 

the Msg2 and the haplo-viable loci very few recombinant gametes will be 

recovered. 

The results obtained in this experiment indicate that semisterile 

plants carrying a haplo-viable mutation closely linked in repulsion with 

Msg2 and a seedling lethal gene can be established. Plants with these 

characteristics were observed in lines 3-2 (Table 12) and 16-701 (Table 

14). Plants in these lines produced selfed progenies segregating normal 

versus chlorophyll deficient seedlings in a 1:1 ratio. Most of the 

chlorophyll deficient plants were also male sterile, and most of the 

normal green plants were semisterile. Most of the pollen produced by 

the semisterile plants carried the msg2 allele. The chlorophyll de

ficient alleles in lines 3-2 and 16-701 were most probably lg-410 and 

alb-528 respectively. These alleles show recombination with the msg2 

locus. 

Other lines could be established using some of the haplo-viable 

mutations induced in this study that indicate very low pollen transmis

sion of the Msg2 allele, e.g., lines 30-109 (Table 20) or 30-107 (Table 

19). Chlorophyll deficient alleles that do not show recombination with 

the Msg2 locus could be used in place of lg-410 or alb-528. Furthermore, 

stocks carrying an inversion including the Msg2 and haplo-viable loci 

could be used to reduce the pollen transmission of some haplo-viable 

lines. Plants could be established carrying a haplo-viable mutation 

linked in repulsion with Msg2 and in such a way that the haplo-viable 

alleles are carried in the translocated chromosomes and the msg2 and the 



normal haplo-viable alleles are included in a small chromosomal inver

sion in the normal chromosome. If such inversions are available there 

is no need to carry the Msg2 and haplo-viable alleles in a translocated 

chromosome. The two plants isolated in line 3-2 (Table 12), where the 

haplo-viable and Msg2 alleles were carried in a normal nontranslocated 

chromosome, could be used in this manner. 

The findings in this experiment indicate that haplo-viable muta

tions are readily induced with diethyl sulfate in barley. Some of these 

mutations were induced closely linked in repulsion with Msg2. In some 

lines the haplo-viable mutation was also linked in repulsion with a 

chlorophyll deficient allele. These findings indicate the possibility of 

establishing "balanced" haplo-viable plants in barley. Such plants 

would carry a haplo-viable mutation linked in repulsion with a male 

sterile allele and a seedling lethal allele. These plants would produce 

two types of gametes: (1) gametes that would not be transmitted through 

the pollen and would carry the recessive haplo-viable allele and the 

dominant alleles for male fertility and normal seedlings, and (2) gametes 

that would be transmitted through the pollen and would carry the normal 

allele for haplo-viability and the recessive alleles for male sterility 

and seedling lethality. The selfed progeny of balanced haplo-viable 

plants should segregate in the ratio of 1 balanced haplo-viable plant: 

1 seedling lethal. Thus, the balanced haplo-viable plants are perpetu

ated by selfing. The only functional pollen produced by these haplo-

viable plants would carry the male sterile allele and can be used to 

pollinate homozygous male sterile plants to produce an all male sterile 



progeny. Thus, balanced haplo-viable plants can be used to produce the 

female parents for hybrid barley seed production. 

The extent of the linkage between the haplo-viable and the Msg2 

loci will be of importance if haplo-viable plants are used for hybrid 

barley production. Recombination between the Msg2 and haplo-viable loci 

will produce gametes carrying the Msg2 allele and the normal allele of 

the haplo-viable mutation and such gametes will be transmitted through 

the pollen. However, as previously mentioned, certain types of chromo

somal mutations could be used to establish haplo-viable stocks in which 

very few recombinant gametes are recovered. 



SUMMARY 

A mutation experiment was designed to study the possibility of 

inducing haplo-viable mutations closely linked in repulsion with a male 

fertile allele, Msg2. 

Seed stocks in which haplo-viable mutations could be recognized 

were established by crossing plants homozygous for the translocation 

T2-7d onto male sterile stocks. Three seed stocks were established from 

these crosses: a "normal" stock, an "lg" stock segregating for the light-

green allele lg-410 and an "alb" stock segregating for the albino allele 

alb-528. All seed stocks were heterozygous for a recessive marker e 

(elongated outer glumes) linked in repulsion with Msg2. Progeny of these 

seed stocks segregated in a ratio of 1 plant homozygous for T2-7d, male 

fertile and with elongated outer glumes:2 plants heterozygous for T2-7d, 

male fertile and with normal glumes:1 plant homozygous for the normal 

chromosome complement that was male sterile and with normal glumes if 

from "normal" seed stock, or died at the seedling stage if from the "alb" 

or "lg" seed stocks. This same ratio is repeated in progenies of plants 

heterozygous for T2-7d ("semisterile" plants). 

Induced haplo-viable mutations linked with Msg2 were detected in 

these seed stocks because the progeny of semisterile plants carrying a 

haplo-viable mutation linked in repulsion with Msg2 segregated in a 

ratio of 1 semisterile plant:1 male sterile plant if in the "normal" 

stock, or only semisterile plants if in the "lg" or "alb" stocks. 
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The seed were treated for two hours with a ,01 M solution of 

diethyl sulfate in a pH 7 phosphate buffer. All treated seed (30513 

seed) were planted but only seraisterile plants with normal glumes 

were harvested (10946 plants). Seed obtained from 2-3 spikes from each 

plant were planted in rows. After germination the seedling were 

scored for chlorophyll mutations to obtain an estimate of the efficiency 

of the mutagen treatment. Different types of chlorophyll mutations were 

classified as either "albino" or "light-green" mutations. The data ob

tained indicate that at least 31 chlorophyll mutations (18.4 albino and 

12.6 light-green) were induced per 100 plants. 

At flowering time all rows were examined and 70 lines that 

showed no plants, or very few plants, with elongated outer glumes were 

selected. Seraisterile plants from these selected lines were crossed 

with diploid male sterile plants from the BTT line 63-j-18-17. The re

sults of these crosses indicated that 24 lines carried a haplo-viable 

mutation closely linked in repulsion with Msg2. These results indicate 

that at least 1.7 percent of the treated plants carried an induced 

haplo-viable mutation. 

Fourteen of the 24 lines selected were the subject of further 

studies. The results obtained (Tables 8 to 21) indicate that these 

haplo-viable mutant plants produce two types of gametes, only one of 

which is transmitted through the pollen. In most of the selected lines 

the pollen transmitted gametes carry the male sterile (msg2) allele. 

A few lines showed some pollen transmission of the Msg2 allele. 



Selfed seed from the selected haplo-viable plants produced semisterile 

and male sterile plants in a 1:1 ratio. 

In some of the selected lines (16-701 and 3-2) the haplo-viable 

mutation is closely linked in repulsion with Ms%2 and a chlorophyll 

deficient allele. Selfed seed of these "balanced haplo-viable mutants 

produced mostly semisterile plants. 

The findings in this experiment suggest that haplo-viable muta

tions are easily induced in barley and that such mutations can be used 

in the same manner as BTT plants to produce all male sterile plants for 

hybrid barley production. 
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