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ABSTRACT 

Desynaptic mutants have been suggested as a source of primary 

trisomies for location of genes on chranosomes. Unemasculated spikes 

of four desynaptic mutants in the variety Steptoe and 14 desynaptic 

mutants from the World Collection were crossed with unlocated mutants 

The desynaptic mutants were also selfed. Fa» trisomies were found 

Fg data suggest that des 8k may be located on chromosome 7. None 

of the unlocated genes was assigned to a chromosome. Expression 

of ten of the desynaptic mutants appears to be highly influenced 

by environmental conditions. 

Trisomies appeared in equal frequencies in the progeny of 

des,,aj grown at three locations, even though selfed seed sets were 

significantly different at the three locations. The seven primary 

trisomies did not appear randomly in the progeny of des,,aj, with 

trisomies for chromosome 4 appearing most frequently, and trisomies 

for chromosome 2 appearing least frequently. 
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INTRODUCTION 

Trisomic tester seta have been used as an efficient way to 

assign genes to chromosomes in several crops, including barley. 

Distinctive ratios are seen in the Fg progeny of plants trisomic 

for the chromosome upon which the particular gene is located. Normal 

F2 ratios are seen in the progeny of the other trisomies. Unequal 

separation of chromosomes is commonly seen in desynaptic plants. 

Because unequal division of chromosomes may result in aneuploidy, 

it has been suggested that desynaptic mutants be used as a source 

of primary trisomies. 

In normal meiosis, homologous chromosomes pair, or synapse, 

allowing recombination and repair of the DNA. to occur. Formation 

of chi asm at a keeps homologous chromosomes paired through metaphase 

I, allowing the chromosomes to divide equally at anaphase I. In 

desynaptic mutants, homologous chromosomes pair, but do not remain 

paired through metaphase I, so that the possibility of unequal sep

aration of the chromosomes exists. 

A mettod of using desynaptic mutants as a souroe of primary 

trisomies for locating genes on chrcraosanes has been proposed (Eckhoff 

and Ramage 1980). The mutant to be assigned to a chromosome would 

be crossed onto a desynaptic mutant. Emasculation would not be necessary 

because in at least some desynaptic mutants in barley, seed set on 

desynaptic plants is increased when pollenated with normal pollen. 

The two-row and six-row locus would be used to separate the crossed 

1 
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progeny from the selfed progeny, sinoe two-row/six-row hetero?ygotes 

are easily recognized. If the mutant to be located were in a two-

row variety, a six-row desynaptic would be used, while if the mutant 

to be located were in a six-row variety, a two-row desynaptic would 

be used. Four types of progeny would result from such a cross: 

diploids and trisomies from selfing, and diploids and trisomies from 

the cross, identifiable as two-row/six-row heterosygotes. Trisomes 

could be identified cytologically and by morphological characteristics. 

Presunably, trisomies for the different chromosomes would be produced 

randomly, so trisomies for each chranoscme would be representd in 

the F.j. All F.j trisomies would be selfed and the segregation of 

the mutant to be located would be observed in the F2 progenies of 

these plants. That ratio which deviated from the normal Fg ratio 

would indicate upon which chromosome the unlocated gene was located. 

In this study, the feasibility of using desynaptic mutants 

in barley to assign genes to chrcmoscmes is examined. Four spontaneous 

mutants from the variety Steptoe, CI 15229, and fourteen of the fifteen 

loci included in the World Collection of Desynaptic Mutants in Hordeum 

vulgare are considered. 



LITERATURE REVIEW 

Trisomies are individuals which possess an extra chromosome 

in addition to the normal euploid number. A primary trisomic has 

three hanoeologues of a particular chromosome instead of two. 

Blakeslee, Belling and Farnham (1920) identified 12 separate, 

distinct morphological types in Datura as being the 12 different 

possible primary trisomies. The authors proposed that, since each 

mutant was characterized by the presence of one extra chromosome, 

it would be possible to identify upon which chromosome any Mendelian 

gene was located. 

Use of a trisomic tester set is a very efficient method of 

locating genes on chromosomes, as outlined by Hermsen (1970). Tri

somies for each chromosome of the genome make up such a set. A diploid 

carrying the mutant gene to be located is used to pollenate the emascu

lated trisomies. The of such a cross oonsists of diploids and 

trisomies. The trisomic F^s are selfed or used as pollen parents 

in backcrosses to the mutant diploids. If the mutation is caused 

by a single recessive gene, normal ratios of 3:1 in the F2 progeny 

and 1:1 in the backeross progeny will be observed, except when the 

F^ involved is trisomic for the chranosane carrying the mutant gene. 

In barley, there is about 25% transmission of the extra chromosome 

through the female (Tsuchiya 1960 as cited by Burnham 1980), with 

little or no transmission through the pollen. Thu3, the expected 

Fg ratio from a trisomic F^ plant would be about 11:1 for chromosome 

3 
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segregation of AAa, and about 11:7 for chromosome segregation of 

Aaa (Burnham 1980). The expected ratios from an F1 trisomic backcrossed 

with a mutant diploid would be 2:1 in the case of AAa and 1:2 in 

the case of Aaa. 

The mitotic chromosomes of barley were first accurately described 

and measured by Tjio and Hagberg (1951). The chromosomes were later 

labelled with Arabic numbers (Faraage, Burnham and Hagberg 1961). 

The unsatellited chromosomes were labelled 1 to 5, with 1 being the 

longest chromosome and 5 being the shortest. The chromomose with 

the large satellite was labelled 6 and the chromosome with the small 

satellite was labelled 7. In routine cytology, it is not easy to 

distinguish chromosomes 1-4, all being nearly metacentric and about 

the same length. Chromosomes 5-7 are easily distinguishable, 5 being 

relativelyshort and acrocentric, 6 having a large satellite, and 

7 having a small satellite. 

Linde-Laursen (1975) used Giemsa C-banding to stain mitotic 

barley chromosomes, and described the distinctive banding patterns 

of each chromosome. In 1978, this author reported the identification 

of primary trisomies of chromosomes 1-4 using this technique. However, 

the Giemsa C-banding is a rather complicated technique that takes 

about two weeks to complete, and which is not conducive to routine 

cytology. 

Tsuchiya (1964) described the morphological characteristics 

of a trisomic set he developed in the wild barley Hordeum vulgare 

ssp spontaneum. He described each kind of trisomic plant and associated 
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each with linkage groups and morphological characters of trisomies 

previously described in the cultivated variety Mars (Ramage 1955). 

Trisomic sets have also been developed in several other varieties 

of cultivated barley, including hybrids between Herta and Wong (Kerber 

1954), Gateway (Kerber 1958 as cited by Tsuchiya 1964), Montcalm 

(Larter and Enns 1962), Shin Ebisu #16 (Tsuchiya 1967), Betzes (Eslick 

and Ramage 1969), Klages (Faustnaught and Ramage 1974), and Ingrid 

(Morgan and Ramage 1975). Tsuchiya (1967) described in detail the 

morphological characteristics of each kind of trisomic. Plants tri

somic for chromosome 1 were called "bush", being small and bushy 

with short, narrow leaves and spikes, and short awns. He called 

trisomies for chromosome 2 "slender", because the plants were bushy 

with very long, slender leaves and slender spikes. Trisomies for 

chromosome 3 were called "pale" because the plants were weak with 

twisted, pale-green leaves and short, dense spikes. Trisomies for 

chromosome 4 had short, wide, thick, dark-green leaves and almost 

normal spikes, and were called "robust". Trisomies for chromosome 

5 were named "pseudononnal", the plants having moderately small leaves, 

and small spikes with short awns. Chromosome 6 trisomies were called 

"purple", the plants being nearly normal and vigorous, with the sheath 

being conspicuously waxy and dark purple at the base. Trisomies 

for chromosome 7 were called "semierect" and had small, narrow leaves, 

and short, lax spikes with large florets and wide awns. These certain 

distinguishing features for each trisomic were seen in all sets described, 

although each set had some different characteristics. 
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Trisomic seta in barley have been developed in several ways. 

Occasionally during meiosis of an interchange heterozygote, the ring 

of four chromosomes will undergo a 3:1 disjunction at anaphase I, 

resulting in an n + 1 gamete. Burnham, White and Livers (195*0 reported 

trisomies in the progeny of interchange heterozygotes in barley. 

Ramage (1960) used interchange heterozygotes involving all seven 

chromosomes in barley to produce trisomies. He reported that at 

least eight different types of trisomies were produced in the progeny 

of an interchange heterozygote. 

Selfing autotriploids or making crosses between autotriploids 

and diploids is another method that can be used to produce primary 

trisomies. Kerber (195*0 found trisomies in the progeny of three 

triploid barley plants. Larter and Enns (1962) attempted to isolate 

and identify all seven primary trisoraic from triploids in a commercial 

variety of barley. These researchers crossed autotetraploid plants 

with diploid plants to produce the triploids. Tsuchiya (1964, 1967) 

used triploid barley plants to produce the seven primary trisomies 

in both the wild barley and cultivated barley sets. 

It has been suggested that desynaptic or other meiotic mutants 

be used as a source of aneuploids, that is, trisomies, monosomies, 

or nullisomics (Soost 1951). Lesley and Frost (192 7) reported a 

mutant in Matt hi ol a incana with long chromosomes at metaphase I. 

Progeny from this mutant included at least eight kinds of trisomic, 

three of which were fragments. Burnham (1946) observed a mutant 

in barley which had long chromosomes at metaphase I. These long 
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chromosomes were due to formation of rod bivalents at this stage. 

He predicted trisomies in the progeny of this mutant, and this was 

later shown to be true by McLennan C1947 as cited by Ramage 1955). 

A meiotic mutant is one in which normal chromosome behavior 

is modified at some point between initiation of premeiotic DNA synth

esis and reinitiation of mitosis following the second meiotic division 

(Baker et al. 1976). During normal meiosis, homologous chromosomes 

pair, or synapse, allowing re com oi nation and repair of DNA to occur. 

Pairing also provides for equal division of the chromosomes at anaphase 

I. During synapsis, maximum association between homologous segments 

of the chromosomes occurs. When chromosomes begin to pair at zygotene, 

the DNA condenses considerably, so that only a small amount (less 

than 156 by some estimates) is available for interaction with the 

homologous counterpart (Stern and Hotta 1973) • 

Many cases of meiotic abnormalities have been reported (Rees 

1961). Asynapsis is a term that was first used to describe any devia

tion from normal synapsis (Beadle 1933). Li, Pao and Li (1945) used 

the word "desynapsis" to describe the abnormality in which homologous 

chromosomes pair in the early stages of meiosis, but separate preco

ciously, resulting in univalents or rod bivalents at diakinesis. 

These researchers attributed desynapsis to a reduction of chiasma 

frequency, or the complete failure of chiasma formation. They proposed 

that the term "asynapsis" be used only to describe the situation 

in which homologous chromosomes do not pair at all. There are probably 

cases in which some chromosomes fail to synapse, while in the same 



cell, normal pairing occurs between other pairs of homologues. In 

such a case, asynapsis and desynapsis both occur. In the literature, 

many researchers continue to call all meiotic abnormalities involving 

chromosome pairing "asynapsis". In this report, the term "desynaptic" 

is used to describe those mutants in which some pairing of the chromo

somes has been observed. 

The synaptonemal complex is a tripartate structure observed 

in early meiotic prophase, and considered by many to represent a 

pair of synapsed chromosomes involved in point-to-point pairing (Moses 

1958). Two lateral elements containing DNA connected by a central 

or midaxial regicn make up this complex. Synaptonemal complexes 

are similar in size and shape in all organisms studied (Westergaard 

and von Wettstein 1972). Characteristic synaptonemal complexes were 

observed at zygotene and pachytene in both normal and desynaptic 

barley plants (Nilan, von Wettstein and Eden 1969). The authors 

saw no difference in structure or longevity between the two, and 

suggested that the synaptonemal complex may not be involved in chiasma 

formation, since homologues separated precociously in desynaptic 

mutants, in spite of a synaptonemal complex that appeared normal. 

The nunber of unpaired chromosomes at anaphase I has been 

used to classify different desynaptic mutants. This has caused problems 

in the classification of desynaptic mutants since the amount of de

synapsis varies from pollen mother cell to pollen mother cell in 

a single plant. Goodspeed and Avery (1939) reported variations from 

day to day in buds of the same plant of Nicotiana, and even variations 
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between buds of the same plant on the same day. A desynaptic mutant 

in Avena strigosa, a plant with seven pairs of chranosanes, was reported 

to have from 0 to 14 univalents per cell at metaphase X (Dyck and 

Rajhathy 1965). In another study involving desynaptic mutants of 

Zea mays, a plant with 20 chromosomes per cell, 12 of 14 mutants 

observed had a range of 0 to 20 univalents per meiotic cell (Miller 

1953). In these three reports, and in many others, ring and rod 

bivalents are considered to be the same when calculating the amount 

of desynapsis. The amounts of desynapsi3 that were reported in these 

studies were based on the number of univalents per cell. This is 

misleading because rod bivalents may be a result of desynapsis, while 

ring bivalents presumably are not. 

A method of characterizing desynaptic mutants based on the 

mean number of unpaired arras per cell at metaphase I has been proposed 

(Hernandez-Soriano 1973). In this method, many meiotic cells of 

a desynaptic mutant are observed, and the nunber of unpaired arras 

in each are counted. The average nunber of unpaired arms is calculated 

to produce the degree of desynapsis for that particular mutant. 

Using this mettod, a meiotic cell of a barley plant (n = 7) whose 

chronosane arms remain paired through metaphase I would have a degree 

of desynapsis of 0, while a cell in which no chromosome arms remained 

paired through metaphase I would have a degree of desynapsis of 14. 

By observing the degree of desynapsis of many pollen mother cells 

of a single desynaptic mutant and calculating the average value, 

a degree of desynapsis can be determined for each mutant. 
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Cases of desynapsis have been caused by 1) leas of a chromosome 

pair (Bayliss and Riley 1972), 2) increased doses of pairing-suppres

sing genes (Feldman 1966a), 3) external conditions such as temperature 

(Stern and Hotta 1969), *0 apomixi3 (Myers 19*17), 5) interspecific 

hybrids (Thomas and Rajhathy 1966) , 6) intergeneric hybrids (Lelley 

197*0, and 7 ) distinct genes (Gottschalk and Kaul 1980). Heritable 

desynapsis is usually caused by single recessive genes, as in Zea 

mays (Beadle and McClintock 192 8), Lycopersicon esculentun (Soost 

1951), Secale cereale (Prakken 19^3), Triticum durun (Bozzini and 

Martini 1971), Triticum aestivun (Li, Pao and Li 1945), and Hordeum 

vulgare (Karma 1960, Enns and Larter 1960, Hernandez-Soriano and 

Ramage 1973). 

For proper pairing during raeiosis, chromosomes may have to 

be properly alligned or positioned somatically. Using plants trisomic 

for the isosome 5BL in bread wheat, resulting in six doses of the 

gene which suppresses homologous pairing, Feldnan (1966a) reported 

that pairing between homologues was reduced. He postulated that 

in plants nullisomic for 5B, hcmologues lie together somatically, 

so at meiosis, closely oriented segnents of homoeologues can be pulled 

together. The normal two doses of 5B may suppress premeiotic associ

ation between homologues, while six doses suppresses premeiotic associ

ation between hcmologues as well'as homoeologues, leading to a random 

distribution of the chromosomes. Feldman (1966b) then looked at 

root tip squashes of normal Triticum aestivun and reported that the 

homologous chromosomes were significantly closer than random 
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arrangement would dictate. He believed that the observed association 

wa3 a vestige of a much closer and more regular association that 

exists during interphase. 

Sears (1976) examined squashes of T. aestivum root tips and 

reported that hanoeologous telocentric chromosomes were closer than 

unrelated telocentrics, but not as close as the homologous telocentrics. 

A comprehensive review of plants in which the occurrance of non-random 

arrangement of homologous chromosomes in higier plants is presented 

by Avivi and Felctaan (1980). 

In desynaptic mutants, chiasma frequency is reduced or chiasma 

formation does not occur. Enns and Larter (1962) built homozygous 

desynaptic stocks heterozygous at the liguled/lilguleless locus and 

the two-row/six-row locus in barley, to see if desynapsis would cause 

a reduction in genetic recombination. These two loci are linked 

on chromosome 2. The authors used plants with normal meiosis that 

were heterozygous at these two loci as a control. They found that 

in the normal plants, the recombination value between the liguled/ 

liguleless locus and the two-row/six-row locus was 40-43, while the 

re can bi nation value in the desynaptic plants was 14-16. 

Miller (1963) used large heterochromatic knobs in various 

maize stocks as cytological chromosane markers. He built a desynaptic 

stock heterozygous for many of these chromosome markers. He reported 

that exchange had not occured in the desynaptic chromosomes. 

Moens (1969) used three linked recessive gene3 and a satellite 

as a cytological marker on the second chromosome of the tomato. 
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He reported that in two of the three desynaptic mutants studied, 

the nunber of recombinants was significantly greater than in the 

control. He proposed that because only a few gametes are viable, 

these viable gametes are not a random sample of meiotic products, 

but that gametes resulting from relatively normal pairing and crossing 

over may have a selective advantage. 

Desynapsis appears to be very sensitive to environment. 

Prakken (19^3) reported that different amounts of desynapsis in mutants 

in rye were caused by the humidity of the soil and air. Goodspeed 

and Avery (1939) observed that high air temperature with low humidity 

induced extreme desynapsis in Nicotlana mutants. Soost (1951) reported 

that buds collected from desynaptic tanato plants in the afternoon 

had a greater amount of desynapsis than those collected in the morning. 

He believed the temperature affected the prophase stage, however, 

and that buds collected in the morning were influenced by the higi 

temperatures of the previous afternoon, while buds collected in the 

afternoon were influenced by the cool temperatures of the nigit before. 

Thus, he believed that cool temperatures would cause an increase 

in desynapsis. 

Chuan-Ying and Hu (1961) grew desynaptic rice plants in temper

ature and humidity controlled rooms. Plants grown in cool temperatures 

(15° C) for 2H hours or more had greater amounts of desynapsis than 

those grown in higher temperatures (24° C). Wong, Yeh, and Lee (1965) 

exposed 17 desynaptic mutants of rice to three temperature treatments, 

15° C, 25° C, and natural conditions. Because these researchers 
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did not have enough plants of each desynaptio mutant for each treatment, 

all data for each treatment were pooled, leaving variance among plants 

unsolved. Desynapsis in this case was enhanced when plants were 

exposed to 15 C for two days or more before collection of buds. 

Shorter exposure had little or no effect. 

Desynapsis in same mutants is influenced by phosphate concen

trations in the soil (Fedak 1973). Plants homozygous for a desynaptio 

gene in barley were grown in two adjacent plots. One plot was ferti

lized with a ra^e 101 kg/hectare while the other plot 

had none. A significant difference was ohserved in the number of 

chiasmata between the two treatments, with the treated group having 

a greater nunber of chiasmata. 

Trisomies can occur in the progeny of desynaptio plants. 

A desynaptio mutant may have a relatively high frequency of univalent 

chromosomes at anaphase I. These univalents often fail to move onto 

the spindle equator, or do so later than bivalents. In the first 

case, they are usually lost as micronuclei. In the second case, 

they may divide precociously at anaphase I and be lost, or they may 

by chance move to one pole or the other and be included in daughter 

cells (Rees and Jones 1977). Ostergren (1951) proposed that univalents 

had to be in proper position on the equatorial plate for equal separa

tion to occur at anaphase I, while those in improper positions would 

separate randomly, causing too few or too many chromosomes in the 

daughter cells. He observed that some univalents were attached to 

spindle fibers, suggesting that these chromosomes would be included 
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in daughter cells, while those not attached to spindle fibers would 

move randomly, having a good chance of being lost when the daughter 

cells were formed. 

Controlled chromosome distribution is based on the orientation 

of the centromere at metaphase I (Nicklas 197*1). In a bivalent, 

each centromere is attached to a particular spindle fiber, resulting 

in bipolar orientation. The author proposed that tension caused 

by spindle fibers pulling in opposite directions caused stability 

of the bivalent. A univalent, while attached to a spindle fiber, 

did not have the stability, and thus, was not oriented to a pole. 

Gottschalk and Baquar (1971) studied desynapsis in Pisum 

sativum, a plant with seven pairs of chromosomes, and found that 

12? of the obsrved telophase I cells had a normal 7:7 distribution, 

while the other 88jS demonstrated abnormal distributions, ranging 

from 8:6 to 12:2. In desynaptic soybeans, univalents were either 

randomly distributed to daughter cells, or were lost as raicronuclei 

(Palmer and Heer 1976). 

Trisomies have been reported in the progeny of desynaptic 

mutants of Zea mays (Beadle 1933), Matthiola (Lesley and Frost 192 7), 

Nicotiana (Goodspeed and Avery 1939), Hordeum vulgare (McLennan as 

cited by Ramage 1955, Hernandez-Soriano 1973)» Oryza (Katayama 1963), 

Brassica (Stringiam 1970), Trlticum (Bozzini and Martini 1971), Pisum 

(Gottschalk and Milutinovic 1973), Glycine (Palmer and Heer 1976), 

and Cor chorus (Basak and Paria 1980). Goodspeed and Avery (1939) 

reported that in tobacco, the extra chrcmoscme was passed to the 



next generation through the pollen as well as through the egg. This 

is also the situation in soybeans (n = 20), in which the selfed progeny 

of a trisomic Individual included plants with 40, 41, and 42 chromo-

sanes (Palmer and Heer 1976). In most species examined, however, 

the extra chromosome is passed through the egg but not through the 

pollen. This has been shown to be true in Lycoperslcon esculentum 

(Rick and Barton 1954), Sfrlnaoia oleracia (Tabushi 1958), and Hordetro 

vulgare (Tsuchiya 1958). Ramage (1965) reported that barley pollen 

grains carrying an extra chromosome were immature at the time of 

dehiscence, while those with a haploid nunber were mature. Thus, 

in barley, the haploid pollen completes successfully with the pollen 

grains carrying extra chrcmosomes because of differences in maturity 

rather than differences in viability. 

Desynaptic plants are a possible source of primary trisomies 

for use in location of genes on chromosomes. Some of the desynaptic 

genes in barley have been located using the trisomies in their own 

progeny (Hernandez-Soriano 1973). In one method, trisomies were 

isolated from the progeny of each desynaptic mutant and pollenated 

with pollen from normal plants. In a second method, diploid desynaptic 

plants were pollenated with pollen from normal plants and trisomies 

isolated from the progeny. The trisomic F^s from crossed diploids 

and crossed trisomies were harvested and classified morphologically 

as to which chromosome was trisomic. The Fg's which segregated for 

desynapsis in a ratio indicative of a trisomic F^ implied upon which 

chromosome that particular desynaptic gene was located. 



MATERIALS AND METHODS 

The World Collection of Desynaptic Mutants in Horde urn vulgare 

is maintained at the University of Arizona, Tucson, AZ, USA. Thirty-

three mutants have been described and asigned to 15 loci (Hernandez-

Soriano, Ramage, and Eslick 1973, Hernandez-Soriano and Raraage 197*(, 

Hernandez-Soriano and Ramage 1975). Each was shown to be due to 

a single recessive gene. Fourteen mutants representing 1*1 of the 

15 loci so far described in barley were used in this study. Des 

3c was originally included, but because of seed contamination, it 

was dropped frctn consideration. 

Plants which appeared partially sterile were collected from 

a commerical field of Steptoe, CI 15229. Four of them were shown 

to be desynaptic when their progenies were examined cytciogically. 

The four mutants were designated des,,aj, des,,ak, des,,al, and des,,am 

(Ramage and Eckhoff 1981). These symbols are in accordance with 

suggestions by Ramage and Hernandez-Soriano (1972), and conform to 

the rules for genetic symbolization adopted by the Third International 

Barley Genetics Symposium in 1975. 

Three unlocated mutants were used, an erectoides mutant de

signated ert-19, a dwarf mutant designated dw-7, and a short-awn 

mutant de3igpatedlk-21. The three mutants are all in isogenic lines, 

and each is in both the two-rowed and six-rowed forms. 

Three different studies were done. These will be described 

separately below, and in the section titled "Results and Discussion**. 

16 
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Analysis of the Desynaptic Mutants in Steptoe 

The four desynaptic mutants in Steptoe, des,,aj, dest>ak, 

des,,al, and des,,aiD, were pollenated with pollen from normal Steptoe. 

The F^'s were grown and harvested and the F2's grown. F2 plants 

were classified as normal or desynaptic, based on ovule sterility. 

Chi-square values were calculated to see if the F2 data for each 

mutant fit a 3:1 ratio. 

Backcross data was obtained for two of the mutants, des,,aj 

and des,,ak. Backcrosses were not made with des,,al or des,,am. 

Emasculated spikes of F^ plants of des,,aj and des,,ak were pollenated 

with normal pollen. The progenies of these backcrosses were pulled 

and classified as normal or desynaptic, based on ovule sterility. 

Chi-square values were calculated to see if the backcross data of 

each mutant fit a 1:1 ratio. 

An allele test between Jtwo of the mutants, des,,aj and des,,ak, 

was performed. Des,,aj was pollenated with the F^ of des,,ak X normal 

barley. The F^ of this cross was grown and plants were pulled and 

classified as normal or desynaptic, based on ovule sterility. The 

Fg was grown and plants were pulled and classified as normal or desyn

aptic. Chi-square values were calculated to see if the F1 and F2 

data fit the ratios expected if these two mutants were indeed allelic. 

The degree of desynapsis of each of the four mutants from 

the variety Steptoe wa3 established using the method proposed by 

Hernandez-Soriano (1973)« Spikes were collected from each mutant 

at two sites, the field in Tucson and the greenhouse in Tucson. 
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Spikes were fixed in a solution of three parts 95% ethyl alcohol 

and one part glacial acetic acid. The spikes were then transferred 

to 70% ethyl alcohol and refrigerated until examined cytologically. 

Cells in diakinesis were used to determine the degree of desynapsis. 

The degrees of desynapsis of spikes from the two sites were compared 

using a pooled t-test calculated from data for each mutant. 

The number of spore quartets containing micronuclei in each 

mutant was observed in the same spikes used to determine degree of 

desynapsis. When these spikes were collected from the greenhouse, 

spikes of a similar age were tagged and collected later, when the 

pollen was mature. This was done so that the spikes used to determine 

degree of desynapsis and those used to examine pollen were exposed 

to the same environmental influences, at least until the formation 

of spore quartets. 

Anthers containing mature pollen from each mutant were squashed 

in acetocarmine and examined cytologically. Three hundred pollen 

grains from each mutant were classified as stainable or nonstainable. 

Stainability of pollen by acetocarmine may or may not be associated 

with viability. Correlation coefficients were calculated, one compar

ing degree of desynapsis with pollen stainability, one comparing 

degree of desynapsis with nunber of spore quartet scontaining micro-

nuclei, and one comparing pollen stainability with nunber of 3pore 

quartets containing micronuclei. 

The amount of pollen stainability was compared with the amount 

of seed set on crossed spikes of mutants des,,aj, des,,ak, des,,al, 
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and des,,am. (The procedure used to mate these crosses is discussed 

in the following parts in this section.) For each mutant, a contingency 

Chi-square value was calculated to compare stainable and nonstainable 

microgametophytes with viable and nonviable macrogametophytes. 

Trisomies in the Progeny of Desynaptlc Mutants 
of the World Collection 

Desynaptlc mutants representing 14 of the 15 loci so far 

described, along with des,,ak, des,,al, and des,,am, were screened 

to observe the amount of selfed 3eed set, crossed seed set, and the 

nunber of trisomies in selfed and crossed progeny. Trisomies in 

the progeny of des,,aj were examined in more detail, the procedures 

of which will be described in the next section. Progenies of each 

mutant were grown in Tucson. Ten heads of each mutant were bagged 

while the heads were still in the boot stage. In this way, selfed 

seed set could be calculated by dividing the nunber of seed set on 

a spike by the number of developed florets. Crosses were made onto 

ten unemasculated spikes of each mutant, using one of the unlocated 

mutants as a source of pollen for each different desynaptic mutant. 

Two-row mutants were crossed onto six-row desynaptic plants and six-

row mutants were crossed onto two-row desynaptic plants. The desynap

tic spikes to be crossed were bagged before anthesis. Several days 

after anthesis, the bags were removed and pollen was sprinkled liberal

ly over the unemasculated spikes. The bags were then replaced. 

Crosses were made 3-14 days after 3elfed spikes were bagged, so selfs 

and crosses were exposed to different enviromental influences. 



Crossed and selfed spikes were harvested and seed set was calculated 

for each. The amounts of seed set on selfed and crossed spikes for 

each mutant were compared by calculating contingency Chi-square values. 

Progeny from the crosses and selfs were grown in Bozeman, MT. In 

the selfed progeny, five or ten heads were bagged, to obtain percent 

selfed seed set. The amounts of seed set on selfed spikes at Bozeman 

were compared to the amounts of seed set on selfed spikes at Tucson 

by calculating contingency Chi-square values. Four mutants had less 

seed set on crossed spikes than on selfed spikes at Tucson. At Bozeman, 

early and late spikes were bagged in these four mutants to see if 

there was any difference in seed set on early and late tillers. 

These were compared by calculating a contingency Chi-square value 

for each of the four mutants. 

In the progeny of the crosses, the numbers of two-row/six-

row heterozygotes and the numbers of two-row or six-row homozygotes 

were noted. Plants identified a3 triscmic by morphological character

istics were tagged. The frequency of heterozygous diploids was compared 

to the frequency of hetero^gous trisomies in each desynaptic mutant 

by calculating a contingency Chi-square value for each mutant. Because 

sane desynaptic mutants had very few progeny, the numbers of selfed 

and crossed diploids and trisomies in the crossed progenies of the 

17 desynaptics were combined. Using these totals, the frequency 

of heterozygous (crossed) diploids was compared to the frequency 

of heterozygous (crossed) trisomies by calculating a contingency 

Chi-square value. 
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In both selfed and crossed progenies, plants identified as 

trisomies by morphological characteristics were tagged. All trisomies 

were harvested, and if available, a two-row/six-row heterozygous 

diploid was harvested from the crossed progeny of each desynaptic 

mutant. The numbers of diploids and trisomies in selfed and crossed 

progenies were noted. A contingency Chi-square value was calculated 

for each mutant to compare the frequencies of diploids and trisomies 

in selfed and crossed progenies. Again, because some desynaptic 

mutants had very few progeny, the data from all the mutants were 

combined to compare the frequencies of diploids with the frequencies 

of trisomies in selfed and crossed seed. A contingency Chi-square 

value was used for this comparison. 

Seed harvested from the heterozygous trisomies and seed 

from the heterozygous F1 diploids were planted in Tucson. The Fg 

plants were pulled and classified as to nunber of rows of seed, desyn-

apsis (based on ovule sterility), and the unlocated mutant involved 

in that particular cross. Each class was counted. Chi-square values 

were calculated to determine if each gene segregated in a 3:1 ratio. 

Chi-square values for independence were calculated for the progeny 

of each F1 plant, to see if any of the three genes involved were 

associated. 

Cytological Examination of Trisomies in 
the Progeny of des,,aj 

Plants of the desynaptic mutant des,,aj were grown in Tucson. 

Ten spikes were bagged while still in the boot stage, so that the 
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amount of selfed seed set could be determined. Eckhoff and Ram age 

(1980) reported that 30 crosses would be needed for a 99% chance 

of getting all seven possible trisomies in the of this particular 

desynaptic mutant if the different trisomies were produced randomly. 

Forty crosses were made onto unemasculated des,,aj spikes using pollen 

fran normal two-row erectoides plants. Female spikes were bagged 

while still in the boot stage, to avoid unwanted outcrossing. Several 

days after anthesis, the bags were removed, the heads were liberally 

sprinkled with pollen, and the bags replaced. Seed sets on selfed 

and crossed spikes were noted and compared using a contingency Chi-

square value. 

All seed from both crosses and selfs were germinated in growth 

pouches. Root tips from each were cut when the roots were 1-2 cm 

long, and treated with abromonaphthalene for 2-2£ hours. The roots 

were then treated in hot (56 C) 1 N HC1 for 1 minute, rinsed in 

distilled water, and fixed in acetocarmine for 2k hours. Root tip 

squashes were made by cutting the root cap fran a root, and gently 

pressing the cells from the root into a drop of acetocarmine. Slides 

were fixed over a boiling water bath for 1-3 minutes. The nunber 

of mitotic chromosomes per cell was counted for each seedling. All 

plants with other than a diploid number of chromosomes were transplanted 

into pots in the greenhouse. All but five diploids were discarded 

because of limited greenhouse space. Primary trisomies were classified 

cytologically into four categories: trisomic for chromosome 5, trisoraic 

for chromosome 6, trisomic for chromosome 7t or trisomic for the 
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chromosome 1, 2, 3, or 4. At maturity, all plants were classified 

as to which chromosome was trisomic by morphological characteristics. 

They were also classified as six-row homo^ygotes (3 el fed progeny) 

or two-row/six-row heterozygotes (crossed progeny). A contingency 

Chi-square value was calculated to compare the number of trisomies 

in the selfed and crossed progenies. Progenies of all (heterozygous) 

trisomies and the progeny of an F1 (heterozygous) diploid were grown 

in Bozeman, MT. They were pulled, classified as to nunber of rows 

of seed, desynapsis (based on ovule sterility), and erectoides spike. 

The classes were counted and the Chi-square values were calculated 

to see if each gene segregated in a 3:1 ratio in the Fg. Chi-square 

values for independence were also calculated to see if any of the 

three genes were associated. 

Plants homo^gous for the gene des,,aj were grown in Bozeman 

in the sumner of 1981, and in Tucson in the field and in the greenhouse 

in the winter of 1981-1982. All plants grown in Tucson were progeny 

of those grown in Bozeman. Open-pollenated spikes were collected 

at each site. Percent seed set was noted for each location and com

pared using contingency Chi-square tests. About 100 seed from each 

of the three sources were germinated in growth pouches. Root tips 

were collected and treated as described above. Root tip squashes 

were made using acetocarmine and the squashes were examined cytolo-

gically. Each seedling was classified as diploid or trisomic. Con

tingency Chi-square values were calculated to compare the nunber 

of trisomies in the progeny of des,,aj grown in these three locations. 



RESULTS AND DISCUSSION 

Analysis of the Desynaptic Mutants in Steptoe 

Each of the four desynaptic mutants in Steptoe was crossed 

with normal Steptoe. The Fg ratios of all four mutants are presented 

in Table 1. The Chi-square values- calculated to see if these data 

fit 3:1 ratios indicate that all four mutants did indeed segregate 

in 3:1 ratios in the Fg, suggesting that all four mutants are due 

to single recessive genes. 

The F^s of des,,aj and des,,akwere each backcrossed with 

normal Steptoe. These backcross ratios are presented in Table 2. 

Chi-square values calculated to see if these data fit the expected 

1:1 ratios indicate that the backcross progeny segregated as expected, 

supporting the supposition that these two mutants are each due to 

a single recessive gene. 

The mutants des,,aj and des,,ak were tested for allelism. 

Plants that were homozygous for the des,,aj allele were pollenated 

with the of des,,ak X Steptoe, and the F^ and Fg plants from this 

allele cross were pulled, classified, and counted. These data are 

presented in Table 3« All 11 F^ plants had normal fertility. The 

Fg progeny from these fertile F^ plants included 23 normal plants 

and 12 desynaptic plants. If des,,aj and des,,akwere allelic, a 

ratio of 1 normal:1 desynaptic would be expected in the F1, and Fg 

progeny from fertile F^'s would be expected to segregate 3 normal: 

1 desynaptic. Chi-square values calculated for the expected ratios 



Table 1. F2 ratios of four desynaptlc mutants and their fit to a 
3:1 ratio. 
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Mutants Normal Desynaptic 2 
X 

Probability 

des,,aj 124 56 3.585 .1 - .05 

des,,ak 59 25 1.016 .5 - .3 

des,,al 77 34 1.877 .2 - .1 

des,,am 54 21 0.364 .7 - .5 

Table 2. Backcross ratios 
a 1:1 ratio. 

of two desynaptic mutants and their fit to 

Mutant Normal Desynaptic 2 
X 

Probability 

des,,aj 29 31 0.066 .9 - .7 

des,,ak 8 14 1.943 .2 - .1 

Table 3. and F2 ratios of an allele test of two desynaptic mutants 
and their fit to ratios expected if allelic. 

Generation Normal Desynaptic x
2 Probability 

14 

23 

0 

12 

14.0 

1.61 

<.001 

.3 - .2 
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indicate that the does not fit a 1:1 ratio. If des,,aj and des,,ak 

were not allelic, one would expect all the F^ progeny from the cross 

made to be normal, and the Fg from these normal F^ plants to segregate 

21 normal: 11 desynaptic. Indeed, the numbers seen fit both of these 

expected ratios very closely. Thus, one can conclude that des,,aj 

and des,,ak are not allelic. 

The degrees of desynapsis calculated for these four mutants 

are shown in Table 1. The degree of desynapsis for each mutant was 

calculated from plants collected at two sites, the field and the 

greenhouse, at two times, the winter of 1980-81 for the plants grown 

in the field, and the winter of 1981-82 for the plants grown in the 

greenhouse. Pooled t-tests were used to compare the degrees of desyn

apsis for each mutant at the two sites. In each mutant, there was 

no significant difference between the degrees of desynapsis from 

the two sites and times. It is interesting to note that for all 

four of these desynaptic mutants, the range of desynapsis seen was 

greater in plants grown in the greenhouse than in plants grown in 

the field, even though the average degrees of desynapsis were the 

same. 

The degree of desynapsis, the frequency of stainable pollen, 

and the frequency of spore quartets containing micronuclei in each 

of these four mutants are shown in Tattle 5. These data were collected 

from plants grown in the greenhouse, and so are presented with the 

degrees of desynapsis calculated from plants grown in the greenhouse. 

The frequency of spore quartets with micronuclei plotted against 
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Table 4. Comparison of degrees of desynapsis of four mutants grown at 
two locations. 

Field Greenhouse 
Pooled t!-value 

Mutant Degree Range Degree Range t-value at p=,01 

des,,aj 8.8 6 - 12 8.5 4 - 13 0.5355 3.6603 

des,,ak 4.8 1 - 7 6.3 2 - 12 2.3434 2.6778 

des,,al 11.0 7 - 14 10.3 5 - 14 1.1832 2.6480 

des,,am 7.3 2 -12 8.6 3 - 14 1.5169 2.6778 

Table 5. Degree of desynapsis, frequency of quartets with micronuclei, 
and frequency of pollen stainability in four desynaptic 
mutants. 

Quartets Pollen 
Mutant Degree Number Frequency Number Frequency 

des,,aj 8.5 6/63 .095 46/300 .153 

des,,ak 6.3 6/92 .065 29/300 .097 

des,,al 10.3 6/108 .056 68/300 .227 

des,,am 8.6 8/71 .113 58/300 .193 
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the degree of desynapsis is shown in Figure 1. The correlation co

efficient comparing these two variables shows no correlation (r = 

.050). As can be seen in Figure 1, if the point representing des,,al 

was eliminated, the frequency of spore quartets with micronuclei 

appears to increase with an increase of the degree of desynapsis. 

This is not unexpected because as desynapsis increases, more chromo

somes are randomly distributed at anaphase I. This could result 

in a greater chance of one or more chromosomes being "lost" at this 

point, leading to an increased number of micronuclei. 

The frequency of stainable pollen is plotted against the 

degree of desynapsis for each mutant in Figure 2. The correlation 

coefficient (r = .963) indicates that these two variables are highly 

correlated. However, they are correlated in the opposite direction 

than expected, that is, as the degree of desynapsis increases, the 

percent of stained pollen increases. If pollen stainability is a 

reflection of pollen viability, one would expect that as the degree 

of desynapsis increases, the peroent of stained pollen would decrease, 

because an increased amount of desynapsis presumably would be followed 

by a decreased amount of proper separation at anaphase I. 

Figure 3 graphs the frequency of stained pollen with the 

frequency of quartets containing micronuclei. Again, the correlation 

coefficient indicates no correlation between these two variables 

(r = .053). However, if the point representing des,,al was again 

eliminated, the two variables would appear correlated, with the 

frequency of pollen stainability increasing as the amount of 
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Figure 1. Frequency of quartets with micronuclei vs. the 
degree of desynapsis of four desynaptic mutants. 
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Figure 2. Frequency of stainable pollen vs. the degree of 
desynapsis of four desynaptic mutants. 
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Figure 3. Frequency of quartets containing micronuclei vs. the 
frequency of stainable pollen. 
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micronuclei-containing quartets increases. This again is not expected, 

since a quartet having a micronucleus cannot possibly produce four 

pollen grains that all have a full haploid complanent of chromosomes. 

Pollen stainability was compared with the amount of seed 

set on crossed spikes of each of these desynaptic mutants, using 

a contingency Chi-square value. This was an attempt to compare the 

effects of each desynaptic mutant on megasporogenesis and microsporo-

genesis. These data are presented in Table 6. In all four mutants, 

there is a significant difference in the frequency of viable gametes 

of each sex type. The desynaptic mutants des,,aj and des,,ak apparently 

disrupt microsporogenesis more than megasporogenesis sinoe the percent 

seed set was so much higher than the percent stainable pollen. On 

the other hand, the mutants des,,al and des,,am appear to disrupt 

megasporogenesis considerably more than microsporogenesis. One must 

keep in mind, when considering these data, that eggs with a non-haploid 

complement of chromosomes generally have a better chance of producing 

seed than do pollen grains with other than a haploid nunber of chromo

somes. However, as mentioned before, pollen with extra chromosomes 

is viable, it just cannot compete with haploid pollen (Ramage 1965). 

Trisomies in the Progeny of Desynaptic Mutants 
in the World Collection 

The percent seed sets on selfed and crossed spikes of the 

desynaptic mutants in the World Collection are shown in Table 7-

A contingency Chi-square value was calculated for each mutant £o 

compare these percentages. Six of the desynaptic mutants, des la, 
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Table 6. Comparison of percent pollen stainability and percent crossed 
seed set of four desynaptic mutants. 

Pollen Seed Set 
2 Mutant Number Percent Number Percent x Probability 

des,,aj 46/300 15.3 925/2599 35.6 49.55 <.001 

des,,ak 29/300 9.7 205/602 34.0 91.98 <. 001 

des,,al 68/300 22.7 67/583 11.5 19.10 <.001 

desiy am 58/300 19.3 48/538 8.9 18.90 <.001 



34 

Table 7. Comparison of seed set on selfed and crossed spikes of 17 
desynaptic mutants. 

Selfed Crossed 

# Seed Percent it Seed Percent ^ 
Mutant # Flowers Seed Set # Flowers Seed Set Probability 

des la 364/695 52.4 271/604 44.9 (10.2) ** 

des 2b 52/628 8.3 104/569 18.3 (16.3) *** 

des 4d 103/248 41.5 55/265 20.8 (12.0) *** 

des 5e 17/248 6.8 27/265 9.7 (47.0) 

des 6i 80/234 34.2 73/267 27.3 (3.3) 

des 7j 104/270 38.5 123/258 47.7 (0.0) * 

des 8k 77/274 28.1 112/267 41.9 (12.2) ** 

des 9n 235/283 83.0 228/268 85.1 (0.0) 

des lOp 210/296 70.9 196/253 77.5 (0.8) 

des llr 78/268 29.1 103/291 35.4 (1.6) 

des 12s 88/273 32.2 108/254 42.5 (1.8) * 

des 13t 219/278 78.7 157/252 62.3 (10.1) *** 

des 14u 142/270 52.6 121/276 43.8 (0.) A 

des 15x 68/269 25.3 99/281 35.2 (14.9) * 

des, ,ak 151/569 26.5 205/602 34.0 (3.8) ** 

des, ,al 54/550 9.8 67/583 11.5 (2.1) 

des, , am 46/571 8.1 48/530 8.9 (2.7) 

^"Number in () is percent crossed progeny from pollenations of 
unemasculated spikes of these desynaptic mutants. 

* Probability of .05-.01, based on contingency Chi-square value. 
** Probability of <.01, based on contingency Chi-square value. 
*** Probability of <.001, based on contingency Chi-square value. 
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des 2b, des 'Id, des 8k, des 13t, and des,,ak had higily significantly 

different amounts of seed set on selfed and crossed spikes. Interest

ingly enough, three of these mutants, des 1a, des l<d, and des 13t, 

had more seed set on the selfed spikes than on the crossed spikes, 

contrary to what was expected. In each of these three, however, 

there were two-row/six-row heterozygotes in the crossed progeny, 

with 10.2% heterozygotes in the crossed progeny of des 1a, 12.0J 

heterozygotes in the progeny of des 4d, and 10.1? heterozygous progeny 

from crossed spikes of des 13t. Thus, in spite of the lower amount 

of seed set on the crossed spikes than on the selfed spikes of these 

three mutants, crossed progeny did result from cross pollenation 

of the desynaptic spikes of these mutants. 

Five of the desynaptic mutants had lower seed set on crossed 

spikes than on selfed spikes. Because four of these mutants had 

hetero^gous progeny resulting from the crosses made, this difference 

must have been due to differences in the nunber of viable gametes. 

The influence of environmental factors on the meiotic process of 

these mutants may change the nunbers of viable gametes. To test 

the difference that environment might have on the seed set of these 

mutants, selfed seed set on the 17 mutants at Tucson was compared 

with selfed seed set at Bozeman, using a contingency Chi-square value 

for each mutant. These data are presented in Table 8. A highly 

significant difference is seen between the selfed seed set at the 

two locations in seven mutants, des 2b, des 4d, des 6i, des 6k, des 

13t, des 14U, and des 15x. Two of the three mutants with significantly 



36 

Table 8. Comparison of selfed seed 
Tucson and Bozeman. 

set in 17 desynaptic mutants at 

Tucson Bozeman 

# Seed Percent # Seed Percent 
Mutant it Flowers Seed Set if Flowers Seed Set Probability 

des la 364/695 52.4 187/387 48.3 

des 2b 52/628 8.3 77/366 19.9 *** 

des 4d 103/248 41.5 30/159 18.9 AAA 

des 5e 17/248 6.8 12/123 9.8 

des 6i 80/234 34.2 56/280 20.0 AAA 

des 7j 104/270 38.5 64/143 44.8 

des 8k 77/274 28.1 60/138 43.5 A* 

des 9n 235/283 83.0 113/154 73.4 A 

des lOp 210/296 70.9 108/175 61.7 A 

des llr 78/268 29.1 64/177 36.2 

des 12a 88/273 32.2 72/191 37.7 

des 13t 219/278 78.7 150/222 67.6 AA 

des 14u 142/270 52.6 107/265 40.4 AA 

des 15x 68/269 25.3 64/150 42.7 AAA 

des,,ak 151/569 26.4 88/300 29.3 

des,,al 54/550 9.8 23/369 6.2 

des,,am 46/571 8.1 34/351 10.0 

* Probability of .05 - .01, based on contingency Chi-square value. 

** Probability of <.01, based on contingency Chi-square value. 

*** Probability of <.001, based on contingency Chi-square value. 



lower seed set on crossed spikes than on selfed spites at Tucson 

are Included, des 4d and des 13t, supporting the hypothesis that 

these mutants are highly susceptible to environmental influences. 

Three of the seven, des 2>, des 8k, and des 15x, had higher percent 

seed set on selfed spikes in Bozeman than in Tucson, while the other 

four had lower percent seed set in Bozeman. Two other mutants, des 

9n and des 10p, had significantly lower seed set in Bozeman. There 

are many environmental differences between these two field sites 

which could contribute to the differences in seed set. The growing 

season in Tucson is long and cool, with low humidity and lengthening 

days. The growing season in Bozeman, in contrast, is short, with 

higher temperatures during the day, relatively high humidity, and 

long days that get shorter as the season progresses. The elevation 

of the two sites is considerably different as well, with Tucson at 

2400 feet above sea level and Bozeman at 4800 feet. Because of the 

differences in selfed seed set on desynaptic mutants between Bozeman 

and Tucson, one might expect to see different degrees of desynapsis 

in plants grown at these two sites. However, different amounts of 

sterility could possibly occur in plants with the same calculated 

degrees of desynapsis. For instance, a cell with a degree of desynapsis 

of 7 may have seven rod bivalents, which would probably separate 

equally at anaphase I. Another cell with a degree of desynapsis 

of 7 may have three ring bivalents, one rod bivalent, and six univa

lents, which may not separate equally at anaphase I. Thus, even 



with the same degree of desynapsis, the desynapsis of the second 

cell is more "disruptive" than the desynapsis of the first cell. 

Selfed seed sets on early and late tillers of four mutants 

with lower seed set on crossed spikes than on selfed spikes in Tucson 

are compared in Table 9. These data were collected in Bozeman. 

The seed set on early and late tillers were compared by calculating 

contingency Chi-square values for each mutant. Des 13t is the only 

one with significantly different seed set on early and late tillers, 

with more seed on the late tillers . 

Presumably, the amount of seed set on a desynaptic mutant 

reflects the amount of desynapsis, so that for a particular mutant, 

seed set decreases as desynapsis increases. The evidence in Tables 

8 and 9 indicates that it is not possible to generalize about the 

behavior of desynaptic mutants, but that each individual mutant re

sponds in its own way to different environmental influences. One 

explanation for this is that different desynaptic mutants disrupt 

meiosis at different stages, and because different environmental 

factors affect different stages of meiosis, they also would affect 

the various desynaptic mutants differently. 

The nun be r of selfed plants and the number of crossed plants 

in the crossed progeny of each desynaptic mutant is presented in 

Table 10. Seven of the mutants had more than 1036 heterozygous off

spring in the crossed progeny, with one mutant, des 5e, having 4756 

heterozygous crossed progeny. Ten of the mutants had less than 10j6 

heterozygous progeny, with three having no outcrossed progeny at 
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Table 9. Comparison of selfed seed set on early and late tillers of 
four desynaptic mutants. 

Early Late 

if Seed Percent if Seed Percent 
Mutant if Flowers Seed Set if Flowers Seed Set Probability 

des 4d 11/60 18.3 19/99 19.2 

des 6i 29/147 19.7 27/133 20.3 

des 13t 76/124 61.3 74/98 75.5 * 

des 14u 50/139 36.0 57/126 45.3 

* Probability of .05 - .01, based on contingency Chi-square. 
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Table 10, Selfed and crossed plants from pollenations of unemasculated 
spikes of desynaptic mutants. 

Number Number Percent 
Mutant Selfed Crossed Crossed 

des la 123 14 10.2 

des 2b 41 8 16.3 

des 4d 22 3 12.0 

des 5e 9 8 47.0 

des 61 29 1 3.3 

des 7j 76 0 0.0 

des 8k 65 9 12.2 

des 9n 131 0 0.0 

des lOp 116 1 0.8 

des llr 61 1 1.6 

des 12s 53 1 1.8 

des 13t 71 8 10.1 

des 14u 79 0 0.0 

des 15x 40 7 14.9 

des,,ak 101 4 3.8 

des, •, al 46 1 2.1 

des,, am 36 1 2.7 
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all. There are several possible reasons why a mutant would have 

no hetrozygous progeny. It is possible that all the eggs were mature 

at anthesis, 30 that all were self-pollenated immediately. In desyn-

aptic mutants, anthers are often shrivelled and so do not dehisce 

pollen, even though some functional pollen may be produced, so perhaps 

in these mutants, enough pollen was produced so that at least one 

anther in each floret was able to dehisoe, pollenating all the eggs 

before the foreign pollen was brought in. It is also possible that 

the ten hand pollenations made with each of these mutants did not 

result in fertilization, perhaps because the pollen was too old, 

or the pollenations were made too late. 

The numbers of diploids and trisomies and the nunbers of 

crossed progeny in each class, resulting from pollenations of unemasc-

ulated spikes of each mutant, are shown for all 17 desynaptic mutants 

in the World Collection in Table 11. The frequency of crossed diploids 

was compared with the frequency of crossed trisomies in each mutant 

by calculating contingency Chi-square values. It can be seen that 

in only two mutants, des 8k and des 11r, is there a highly significant 

difference between these two frequencies. In two others, des 5e 

and des 12s, the Chi-square values are associated with a probability 

of .05-.01. All trisomies in the crossed progeny of des 5e were 

two-row/six-row heterozygotes, while in des 11r and des 12s, all 

two-row/six-row hetero^gotes were trisomic. Because some of the 

mutants had so few progeny, the nunbers of selfed and crossed diploids 

and trisomies were totalled and frequencies of crossed plants in 



T&blell. Comparison of the frequency of crossed plants in diploid and trisomic progeny from 
pollenations of unemasculated spikes of desynaptic mutants. 

Diploid Trisomic 
Percent Percent 

Mutant Selfed Crossed Crossed "Selfed Crossed Crossed Probnb.i.l j.l:v 

des la 105 13 11.0 18 1 5.3 

des 2b 35 7 16.7 6 1 14.3 

des 4d 18 3 14.3 4 0 0.0 

des 5e 9 4 30,8 n 4 100.0 * 

des 6i 23 1 4.2 6 0 0.0 

des 7j 67 0 0.0 9 0 0.0 

des 8k 60 5 7.7 5 4 44.4 ** 

des 9n 117 0 0.0 14 0 0.0 

des lQp 110 1 0.9 6 0 0.0 

des llr 54 0 0.0 7 1 12.5 ** 

des 12s 46 0 0.0 7 1 12.5 * 

des 13t 62 7 10.1 9 1 10.0 

des 14u 69 0 0.0 10 0 0.0 

des 15x 34 5 12.8 6 2 25.0 

des,,ak 95 4 4.0 6 0 0.0 



Table 11.—Continued. 

Mutant Selfed 

Diploid 

Crossed 
Percent 
Crossed Selfed 

Trisomic 

Crossed 
Percent 
Crossed Probability 

des,,al 44 1 2.2 2 0 0.0 

des,,am 35 1 2.8 1 0 0.0 

total 983 52 5.0 116 15 11.4 AAA 

* Probability of .05 - .01, based on contingency Chi-square value. 

** Probability of <.01, based on contingency Chi-square value. 

*** Probability of <.001, based on contingency Chi-square value. 
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diploid and trisomic classes of all the mutants together were compared 

with a contingency Chi-square test. Thi3 was to see if, in general, 

non-haploid eggs were fertilized later (from the hand pollenation) 

than the haploid eggs. In the case of the totals, the frequency 

of hetreozygous trisonics is greater than the frequency of heterozygous 

diploids. This evidence suggests, therefore, that perhaps aneuploid 

eggs, like aneuploid pollen, do not mature as soon as haploid eggs, 

but are receptive to fertilization several days after pollen dehiscence. 

The numbers of trisomies in selfed and crossed progeny of 

the 17 desynaptic mutants are shown in Table 12. The frequency of 

trisomies in selfed progeny was compared to the frequency of trisomies 

in crossed progeny in each mutant by calculating contingency Chi-

square values. Only two of the mutants showed a significant difference 

between the frequency of trisomies in the selfed and crossed progeny, 

with both having more trisomies in the selfed progeny. Because some 

mutants had few progeny, the nunbers of diploids and trisomies in 

selfed and crossed progeny of all the mutants were totalled, and 

the frequencies of trisomies in selfs and crosses were compared. 

A contingency Chi-square value was calculated to compare these two 

totals. There was a significant difference between these frequencies, 

with more trisomic individuals appearing in the selfed progeny. 

There are two possible explanations for this. The first possibility 

is that aneuploid eggs mature later than haploid eggs. This presumably 

would result in more trisomies in the crossed progeny since the aneu

ploid eggs would be fertilized by the pollen sprinkled over the heads 



Table 12. Comparison of the frequency of trisomic plants in selfed and crossed progeny from 
pollenations of unemasculated spikes of desynaptic mutants. 

Selfed 

Mutant Diploid Trisomic 
Percent 
Trisomic Diploid Trisomic 

Percent 
Trisomic Probability 

des la 191 20 9.5 118 19 13.9 

des 2b 21 6 22.2 42 7 13.7 

des 4d 65 11 14.5 21 4 16.0 

de8 5e 2 3 60.0 13 4 23.5 

des 6i 35 8 18.6 24 6 20.0 

des 7j 43 12 21.8 67 9 11.8 

des 8k 32 6 15.8 65 9 12.2 

des 9n 96 12 11.1 117 14 10.7 

des lOp 95 10 9.5 111 6 5.1 

des llr 33 8 19.5 54 8 12.9 

des 12s 36 6 14.3 46 8 14.8 

des 13t 99 15 13.2 69 10 12.6 

des 14u 49 9 15.5 69 10 12.6 

des 15x 18 12 40.0 39 8 17.0 * 

des,,ak 82 9 9.9 98 6 5.8 

des,,al 24 6 20.0 45 2 4.2 * 

des,,am 22 2 8.3 36 1 2.7 

total 943 155 14.1 1034 131 11.2 * 

* Probability of .05 - .01, based on contingency Chi-square value. 
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several days after anthesis. The other possibility is that different 

environmental influences affect the amount of desynapsis and change 

the frequency of aneuploid gametes. It is probably the case that 

both of these possibilities exist. The data in Table 11 suggest 

that aneuploid eggs may mature later than haploid eggs, resulting 

in aneuploid eggs being lost if not pollenated when they finally 

do mature. The seed set evidence shown in Tables 7, 8 and 9 suggests 

that the reproductive behaviors of at least some of the desynaptic 

mutants are quite susoeptible to environmental influences. The selfed 

spikes were bagged 3-14 days before crosses were made, so crossed 

and selfed spikes were exposed to different environmental influences. 

The crossed and selfed progenies from the 17 desynaptic mutants 

were grown at Bozeman, MT, in the summer of 1981. Because of growing 

conditions at that time, many trisomies were very weak. Thus, while 

15 F.j trisomis were recovered, only eigftt produced seed, and only 

six of those had enough Fg progeny to analyze. 

Table 13 compares ratios from the cross of des 1a with 

the erectoides mutant ert-19 with expected diploid ratios. Des la 

was previously located on chromosome 1 (Hernandez-Soriano, Ramage 

and Eslick 1973). Progeny of an F^ trisomic identified morphologically 

as trisomic for chromosome 7 and progeny of an F^ diploid were grown. 

In the progeny of the trisomic plant, all three of the genes segregated 

in expected Fg ratios, indicating that none of the three are on chromo

some 7. In the progeny of the F1 diploid, the two-row and six-row 

genes segre^ted in the expected 1:2:1 ratio and the desynaptic gene 
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Table 13. Comparison of F2 ratios with expected diploid ratios, from 
diploid and trisomic plants from des la crosses. 

Phenotypes Diploid Trisomic III 7 Total 

W 1 19 19 36 

Vv 26 24 50 

w 25 12 37 

D- 2 57 43 100 

dd 11 12 23 

E- 3 34 35 
A ** 

33 34 20 

VVD- 13 14 27 

VvD- 22 22 44 

Wdd 4 5 9 

Vvdd 4 2 6 

WD- 22 7 29 

wdd 3 5 8 

VVE- 6 11 17 

VvE- 12 15 27 

Wee 11 8 19 

Vvee 14 9 23 

WE- 16 9 25 

wee 9 3 12 

D-E- 28 24 52 

D-ee 29 19 48 

ddE- 6 11 17 

ddee 5 1 6 

"SfV= two-row, Vv = two-row/six-row, w = six-row, expected 1:2:1. 
9 
D-=normal, dd = desynaptic, expected 3:1. 

3 E-= normal spike, ee - erectoides spike, expected 3:1. 
sfe 
Probability of fit to expected ratio is <.001 based on Chi-square value. 

A* 
Cannot be tested for fit to 3:1 ratio because of deviation in diploid 
data. 
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segregated in a 3:1 ratio. The erectoides F^ data did not fit a 

3:1 ratio, however, with more erectiodes plants seen than expected. 

Because the ert-19 gene segregated in a manner that fit a 3:1 ratio 

in the progeny of the trisoraic, it seems unlikely that the des 

1a gene influenced the expression of the ert-19 gene in a way that 

would cause plants with a genotype of ERT- to look erectoides. Thus, 

the large deviation from a 3:1 ratio shown by the ert-19 gene in 

the progeny of the F^ diploid can only be assumed to be caused by 

misdassification, or by that one chance in 1000 that such results 

could occur. 

The Chi-square values for independence calculated for the 

three genes involved in the cross VV des 1a des 1a Ert Ert X vv Des 

1a Des la ert ert indicate that none of the genes are associated. 

The F2 data from an F,j diploid and an F1 trisomic identified 

morphologically as trisomic for chromosome 4, from the cross of des 

2b with the short-awn mutant 1k-21, is presented in Table 14. The 

des 2d locus was located on chromosome 3 (Hernandez-Soriano, Ramage, 

and Eslick 1973). In the progeny of both of these F1 plants, all 

three genes, des 2b, 1k-21, and two-row, segregated in the expected 

Fg ratios. Chi-square values for independence indicate that none 

of the three genes are associated. 

Table 15 presents the F2 data from the cross des 5e with 

the unlocated erectoides mutant. The des 5e locus was located on 

chromosome 1 by Hernandez-Soriano, Ramage, and Eslick (1973). Two 

Fg trisomies were found in the progeny of this cross. One was 
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Table 14. Comparison of F„ ratios with expected diploid ratios, from 
F1 diploid and trisomic plants from des 2b crosses. 

Phenotypes Diploid Trisomic III 4 Total 

w1 15 5 20 

Vv 36 9 45 

w 15 2 17 

D- 2 51 9 60 

dd 15 7 22 

L- 3 43 13 56 

11 23 3 26 

WD- 11 3 14 

VvD- 30 6 36 

Wdd 4 2 6 

wdd 6 3 9 

vvD- 10 0 10 

wdd 5 2 7 

WL- 11 3 14 

VvL- 21 8 29 

VV11 4 2 6 

Vvll 15 1 16 

wL- 11 2 13 

wll 4 0 4 

D-L- 37 7 44 

D-ll 14 2 16 

ddL- 6 6 12 

ddll 9 1 10 

W = two-row, Vv = two-row/six-row, w = six-row, expected 1:2:1. 
2 D- = normal, dd - desynaptic, expected 3:1. 
3 L- = normal awn, 11 - short awn, expected 3:1. 
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Table 15. Comparison of F2 ratios with expected diploid ratios, from 
diploid and trisomic plants from des 5e crosses. 

Phenotype Diploid 
Trisomic 
III 4 

Trisomic 
III 6 Total 

1 
W 19 12 7 38 

Vv 29 14 12 55 

w 17 14 10 41 

D- 2 51 27 18 96 

dd 14 13 11 38 

E-3 49 26 18 93 

ee 16 14 11 41 

WD- 14 8 4 26 

VvD- 23 10 9 42 

Wdd 5 4 3 12 

Vvdd 6 4 3 13 

wD- 14 9 5 28 

wdd 3 5 5 13 

WE- 14 8 5 27 

VvE- 24 11 6 41 

Wee 5 4 2 11 

Vvee 5 3 6 14 

wE- 11 7 7 25 

wee 6 7 3 16 

D-E- 37 17 13 67 

D-ee 14 10 5 29 

ddE- 12 9 5 26 

ddee 2 4 6 12 

1 
W = two-row/six-row, w = six-row, expected 1:2:1. 

2 D- = normal, dd = desynaptic, expected 3:1. 
3 E- = normal spike, ee = erectoides spike, expected 3:1. 



identified morphologically as trisoraic for chromosome 4 while the 

other was identified morphologically as trisomic for chromosome 6. 

Progeny from an F1 diploid was also grown. All three genes segregated 

in the normal Fg ratios in the progenies of all three F1 plants. 

Chi-square values for independence indicate that none of the genes 

are associated. 

The F2 data from the cross of des 8k with the erectoides 

mutant ert-19 is shown in Table 16. The only F^ trisomic found in 

the progeny of this cross was identified as trisomic for chromosome 

7. In the progeny of the F^ diploid, all three genes segregated 

in the expected F2 ratios. In the progeny of the F1 trisomic, the 

two-row and six-row genes segregated in a 1:2:1 ratio and the erec

toides gene segre^.ted in a 3:1 ratio. The data for des 8k deviated 

significantly from a 3:1 ratio. A Chi-square value was calculated 

to compare the ratio with an 11 :7 ratio, expected in the progeny 

of a trisomic carrying Des des des on the trisomic hcmologues. The 

data fit this ratio very well, with a Chi-square value of .019 and 

a corresponding probability of .9-.7. This suggests that des 8k 

is located on chromosome 7. This gene should be tested for linkage 

with other genes known to be located on chranosome 7 to confirm this, 

and to map the desynaptic gene. In the progeny of the F^ diploid, 

the desynaptic gene fit a 3:1 ratio with a Chi-square value of 1.5 

and a corresponding probability of .3-.2. However, it can be seen 

that there were more desynaptic plants and fewer normal plants than 

expected. In the diploid progeny, 32% of the plants were desynaptic, 
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while in the trisomic progeny, 40? of the plants were desynaptic. 

Thus, it is possible that some gametic or other factor is involved 

in the deviation from a 3:1 ratio of des Gk in the progeny of the 

F1 trisomic. 

Chi-square values for independence calculated from the data 

presented in Table 16 indicate that none of the three genes are asso

ciated . 

Table 17 presents the Fg data from the cross of the 13t within 

the erectoides mutant ert-19. One F^ trisomic, identified morpholo

gically as trisomic for chromosome 5, resulted from this cross. 

The two-row/six-row locus and the erectoides locus segregated in 

the expected ratios in both the F1 diploid and F^ trisomic progenies. 

The desynaptic data fit an F2 ratio (3:1) in the progeny of the diploid, 

but deviated significantly from a 3:1 ratio in the progeny of the 

trisomic. A Chi-square value was calculated for fit to an 11:1 ratio, 

and the data was found to fit this ratio. However, for an 11:1 ratio 

to occur in the Fg, the F^ would have had to have the genotype Des 

Des des. For a trisomic F^ plant with this genotype to occur in 

the progeny of a desynaptic female parent, the double dose of Des 

Des would have had to come through the pollen. This i3 not likely. 

Thus, another explanation must be put forth to explain this deviation. 

The original female plant was a partially sterile plant, presunably 

with the genotype des des. Nearly 20J6 of the progeny of this plant 

were trisomic, suggesting desynapsis in the female parent. Thus, 

the most feasible explanation may be that the F2 plants were 
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Table 16. Comparison of F2 ratios with expected diploid ratios, from 
F^ diploid and trisomic plants from des 8k crosses. 

Phenotype Diploid Trisomic III 7 Total 

w1 20 16 36 

Vv 36 34 70 

w 20 18 38 

D- 2 52 41 * 

dd 24 27 

E- 3 56 43 99 

ee 20 25 45 

WD- 14 10 24 

VvD- 23 23 46 

Wdd 6 6 12 

Vvdd 13 11 24 

wD- 15 8 23 

wdd 5 10 15 

WE- 15 13 28 

VvE- 27 19 46 

VVee 5 3 8 

Vvee 9 15 24 

wE- 14 11 25 

wee 6 7 13 

D-E- 37 23 60 

D-ee 15 18 33 

ddE- 19 20 39 

ddee 5 7 12 

W = two-row, Vv = two-row/six-row, w = six-row, expected 1:2:1. 
2 D- = normal, dd = desynaptic, expected 3:1. 
3 E- = normal spike, ee - erectoides spike, expected 3:1. 

Probability of fit to expected ratio is <.01, based on Chi-square 
value. 

Cannot be tested for fit to 3:1 ratio because of deviation in 
trisomic data. 
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Table 17. Comparison of ratios with expected diploid ratios, from 
diploid and trisomic plants from des 13t crosses. 

Phenotype Diploid Trisomic III 5 Total 

W 1 18 12 30 

Vv 31 30 61 

w 21 16 37 

D- 2 55 55* ** 

dd 15 3 

E-3 50 41 91 

ee 20 17 37 

WD- 16 11 27 

VvD- 25 29 54 

Wdd 2 1 3 

Vvdd 6 1 7 

wD- 14 15 29 

wdd 7 1 8 

VVE- 12 9 21 

VvE- 22 21 43 

VVee 6 3 9 

Vvee 9 9 18 

wE- 16 11 27 

wee 5 5 10 

D-E- 40 39 79 

D-ee 15 16 31 

ddE- 10 2 12 

ddee 5 1 6 

"Krv = two-row, Vv = two-row/six-row, w = six-row, expected 1:2:1. 
2 D- = normal, dd = desynaptic, expected 3:1. 
3 E- = normal spike, ee = erectoides spike, expected 3:1. 

Probability of <.ool, based on Chi-square value. 

Cannot be tested for fit to 3:1 ratio because of deviation in trisomic 
data. 



misclassified. This particular mutant had 78.7% 3 el fed seed set 

at Tucson in the winter of 1980-81, so perhaps conditions for meiosis 

were very good in the winter of 1981-82 (when the Fg was pulled and 

classified), allowing nearly complete seed set on desynaptic plants. 

Then, when the plants were classified as desynaptic or normal by 

the amount of ovule sterility, plants homozygous for the desynaptic 

gene may have been classified as normal because of a high amount 

of seed set. 

Chi-square values for independence calculated from the data 

of Table 17 indicate that none of the three genes are associated. 

In Table 18, the F^ data generated from F-j diploids are shown 

for seven desynaptic mutants which had no F^ trisomies in the progeny 

of crosses with the unlocated mutants, erectoides, dwarf, and short-

awn. The Fg data for five of these desynaptic mutant crosses, des 

4d X ert-19» des 15x X 11c—21 f des,,akX 1k-21, des,,al X 1k—21, and 

des,,am X dw-7, indicate that all genes involved segregated in the 

normal F2 ratios, with no association among any of the genes. 

In the F2 of the cross des 6i X dw-7, the desynaptic gene 

and the dwarf gene both segregated in 3:1 ratios. The two-row/six-

row data did not fit a 1:2:1 ratio as expected, but had more two-

row homozygotes and fewer two-row/six-row heterozygotes than expected. 

However, if these two classes are lunped together into one class, 

V-, the resulting numbers, 59 V-: 22 vv, fit a 3:1 ratio very well. 

Thus, it oould be that this dwarf gene affects the expression of 

the two-row and six-row genes in the hetero^ygote, so that some 
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Table 18. Comparison of ratios with expected diploid ratios, 
from F^ diploid plants from crosses of desynaptic mutants. 

1 3 2 2 2 2 3 
type das 4d des 6i des lOp des 15x des,,ak des,,al des,,am 

w4 13 35 10 14 15 17 21 

Vv 32 24** 22 39 34 29 24 

w 22 22 10 19 21 23 15 

D-5 47 53 30 47 50 45 41 

dd 20 28 12 25 .21 24 19 

A- 45 60 26 56 50 50 42 

aa 22 21 16 16 21 19 18 

7VD- 10 22 7 9 11 13 12 

VvD 21 15 18 27 24 17 18 

Wdd 3 13 3 5 5 4 9 

Vvdd U 9 4 12 10 12 6 

wD- 16 16 5 11 15 15 11 

wdd 6 6 5 8 6 8 4 

7VA- 10 24 5 10 10 12 13 

VvA- 21 21 14 29 24 20 19 

Waa 3 11 5 4 6 5 8 

Vvaa 11 3 8 10 10 9 5 

wA- 14 15 7 17 16 18 10 

waa 8 7 3 2 5 5 5 

D-A- 31 38 22 38 36 34 29 

D-aa 16 14 8 9 14 11 12 

ddA- 14 21 4 18 14 16 13 

ddaa 6 7 8 7 7 8 6 

^A- • normal head, aa • erectoides head, expected 3:1 
2 A- • normal awn, aa - short awn, expected 3:] 
3A- - normal height, aa • dwarf, expected 3:1 
4W » two-row, Vv • two-row/six-row, w » six-row, expected 1:2:1 
?D- • normal, dd - desynaptic, expected 3:1 
* Probability of .05-.01, based on Chi-square value 
^Probability of < .01, based on Chi-square value. 



heterozygotes are misclassified as two-row homozygotes. The only 

other Fg data involving dw-7 are from the cross des,,am with dw-7. 

In that case, the two-row/six row data fit a 1:2:1 ratio with a proba

bility of.1-.05. Again, there were more two-row hcmozygotes than 

expected, and fewer heterozygotes. If these two classes in the F2 

of the des,,am cross are combined, the resulting nunbers, ^5 V-: 

15 vv, fit a 3:1 ratio perfectly. This also suggests the possibility 

of mis classification of two-row/six-row heterozygotes as two-row 

homo2ygotes. 

The Fg data from des 10p X 1K-21 show that the genes V and 

des 10p segregated as expected, while the short-awn gene did not 

segregate in a 3:1 ratio. The Ch-square value calculated from these 

data corresponds with a probability of .05. Thus, such results could 

occur by chance alone one time out of 20, 

In the data from this same cross, a Chi-square value for 

independence calculated from the desynaptic and short awn data cor

responded with a probability of .05-.01. One parental class, des 

des Lk-, had fewer individuals than expected, while one recombinant 

class, des des lk lk, had more individuals than expected. Thus, 

even though a Chi-square value for independence suggests that these 

genes are not independent, they probably are not associated. 



58 

Cytological Examination of Trisomies in the 
Progeny of des,,aj 

The percent seed sets on ten bagged (selfed) spikes and forty 

crossed spikes of des,,aj were calculated. These data are compared 

in Table 19. The seed set on crossed heads was compared with the 

seed set on selfed heads by calculating a contingency Chi-square 

value. The crossed heads had significantly more seed set on them 

(35.456) than did the selfed heads (25.6%). 

The selfed seed set was considerably higher than what was 

expected from previous selfed (6%) and open pollenated (736) seed 

set data on this mutant (Eckhoff and Ramage 1980). Because those 

data had been collected in Montana, and the data reported in Table 

19 were collected in Tucson, a closer look was taken at the amount 

of seed set on des,,aj at these two locations, as well as the seed 

set on mutant plants in the greenhouse. The open-pollenated seed 

sets on desynaptic mutants grown at these three locations were compared 

by calculating contingency Chi-square values. The data in Table 

20 stow that there is a higily significant difference between open-

pollenated seed set in Bozeman and Tucson, and between open-pollenated 

seed set in Bozeman and the greenhouse. A significant difference 

exists between open-pollenated seed set in the greenhouse and in 

Tucson. Plants grown in the greenhouse had the highest amount of 

seed set (29*4$) while the seed set at Bozeman was the lowest (8.4$). 

One could hypothesize that, because the greenhouse is the most control

led of the three sites, with the best growing conditions possible, 

the plants may be exposed to the least disruptive environment. Bozeman, 
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Table 19. Comparison of percent seed on selfed and crossed spikes of 
the des,,aj mutant. 

// Seed 
# Florets 

Percent 
Seed Set 2 

X Probability 

Self 164/640 25.6 
22.19 <.001 

Cross 921/2599 35.4 
22.19 <.001 
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on the other hand, may be considered the harshest of the three environ

ments, with a short, intense growning season punctuated with drastic 

temperat ure changes. 

The frequencies of trisomic progeny from plants grown at 

these three sites were also observed. There was no difference in 

the frequency of trisomies in the progeny of des,,aj when grown in 

these three sites (Table 20). 

All the progeny from the forty crosses and ten selfs were 

examined cytologically to determine the nunber of chromosomes in 

each. The number of diploids and the nunber of plants with abnormal 

numbers of chromosomes are shown in Table 21. As can be seen, chrcmoscrae 

fragments were seen in both selfed and crossed progeny. Among the 

crossed progeny, there were two double trisomies, one secondary trisomic 

consisting of an isosome of the short arm of chromosome 6, and four 

triploids. The frequencies of trisomies in crossed and selfed progeny, 

and the frequencies of nondiploid plants in crossed and selfed progeny 

were compared by calculating contingency Chi-square values. These 

frequencies are compared in Table 22. There was no difference between 

the selfed and crossed progenies in either case. 

All plants which were cytologically identified as being some

thing other than diploid were transplanted into the greenhouse. 

Progeny from the crosses were classified as six-row homozygotes (selfed 

progeny) or two-row/six-row heterozygotes (crossed progeny). They 

were also classified as to which chromosome was trisomic by morpholo

gical characteristics. 



Table 20. Comparison of seed set on open-pollenated spikes of the des,,aj mutant at three 
locations, and the frequencies of aneuploids in their progenies. 

Locations 
# Seed 

// Florets 
Percent 
Seed Set 

Number 
Diploid 

Number 1° Number With 
Trisomies Fragments Aneuploids 

Bozeman 171/2032 a 8.4 93 4 1 5.1 d 

Tucson-F 961/3618 b 26.6 91 10 1 10.8 d 

Tucson-GH 610/2076 c 29.4 96 5 1 5.9 d 

a-b, a-c probability = <.001 

b-c probability = .05 - .01. 

, based on 

, based on 

contingency Chi-square value, 

contingency Chi-square value. 



Table 21. Number of diploids and aneuploids in selfed and crossed progeny of des,,aj. 

Number Number 1° Number With Percent Percent 
Diploids Trisomies Fragments Other Total Trisomies Aneuploid 

Self 150 7 3 1* 161 4.3 6.8 

Cross 742 50 13 7** 812 6.1 8.6 

AA2n + 2 fragments 
1 isosome SS, 2 2n + 2, 4 3n 
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Table 22. Comparison of the frequencies of aneuploid plants in selfed 
and crossed progeny of des,,aj. 

Selfed Crossed y?" Probability 

^ TrTotalCS 7/161 50/812 0.80 .5 - .3 

^ ATotal°ldS H/161 70/812 0.56 .5 - .3 



The seven primary trisomies in Steptoe were similar morpholo

gically to the trisomic set described by Tsuchiya (1964). Plants 

trisanic for chromosome 1 were short with narrow leaves, and deformed, 

dense spikes that produced few seed. The plant with three hcmologues 

of chromosome 2 was tall with very slender, long leaves, and long, 

narrow spikes. Plants trisomic for chromosome 3 were short with 

short, narrow, twisted leaves, and dense spikes that had seed set 

in almost all the florets. Trisomies for chromosome 4 had short, 

wide, blue-green leaves which developed brown spots that caused the 

leaves to turn brown prematurely. Plants with three hcmologues of 

chromosome 5 looked almost normal, although the plants themselves 

and the spikes were shorter than noraal. Trisomies for chromosome 

6 were sometimes taller than the diploids, and had traces of purple 

color around the bases of the stems. Plants trisomic for chromosome 

7 had no adventicious roots, and had wide, short awns, and fewer 

rachis internodes than would be found in a diploid plant. 

The numbers of plants that were not diploid found in the 

progeny of des,,aj crosses are shown in Table 23. The frequency 

of nondiploid plants was compared to the frequency of nondiploid 

selfed plants by calculating a contingency Chi-square value. This 

value was 0.01, with a corresponding probability of .95-.9. This 

suggests that all aneuploid eggs are not less mature than haploid 

eggs at the time of anthesis. 

The nunbers of each kind of trisomic that appeared in the 

selfed and crossed progeny of des,,aj are 3hown in Table 24. Of 
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Table 23. Numbers of selfed and crossed aneuploid plants in the progeny 
of des,,aj crosses. 

Number 
Primary 

Trisomies 

Number 
With 

Fragments Other Total 

Crossed 4 1 1* 6 

Selfed 46 12 6** 64 

Total 50 13 7 70 

* Triploid 
* 

3 trlploids, 2 double trisomies, 1 isosome S6 

Table 24. Numbers of each kind of primary trisomic in the progeny 
of selfs and crosses of des., ,aj. 

1 2 

Chromosome 

3 4 5 6 "7 
Unclassified 

Crosses Selfed 9 0 6 10 7 3 9 2 
Crosses Selfed 

Crossed 1 0 1 1 0 1 0 0 

Selfs 0113000 2 

Total 10 1 8 14 7 4 9 4 
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the six types of primary trisomies identified in the crossed progeny, 

all were represented by six-row hanozygotes, indicating that sane 

of each kind of trisanic were mature at the time of anthesis. 

It is evident from the data in Table 24 that the different 

primary trisomies do not iappear in equal nunbers, that is, they are 

not produced randomly. There were 1*1 plants trisomic for chromosome 

4 in the progeny of des,,aj, and only one plant trisanic for chromosome 

2. The nunbers of different kinds of primary trisomies in the progeny 

of two other desynaptic mutants, des 6i and 7j, were reported by 

Hernandez-Soriano (1973), and are reproduced in Table 25, along with 

the nunbers seeen in the progeny of des,,aj. In all three cases, 

trisomies for chranosane 4 appeared most often, while trisomies for 

chromosane 2 were least frequent, or nearly so. 

One explanation for the seemingly nonrandom appearance of 

the primary trisanics is that eggs or embryos that carry different 

extra chranosanes have different amounts of viability. Tsuchiya 

(1964) reported frequencies of each kind of trisomic in the progeny 

of triploid individuals. When the triploids were selfed, 28% of 

the trisanics produced were trisanic for chromosane 3, while only 

6.5% were trisomic for chranosane 2. In triploid X diploid crosses 

(the triploid was always the female parent), 30% of the resulting 

trisomies had three hanologues of chranosane 1, while trisomies for 

chromosomes 4 and 5 were least frequent (8% of each). In the triploid 

selfed progeny, the order of highest to lowerst frequency of primary 



trisomies was 3-7-6-4-0, 5)-2, while in the triploid X diploid progeny, 

the order was 1-2-{ 3,6, 7)-(4, 5). As can be seen, in the progeny 

of selfed triploids, trisomies of chromosomes 1 and 2 appeared least 

often, while in the progeny of triploids X diploids, trisomies of 

chromosomes 1 and 2 were the most frequent. Thus, differences in 

viability of the different kinds of trisomies may not be enough to 

explain the nonrandom appearance of primary trisomies. 

That the chranosanes are in a particular order in the nucleus 

is an idea that is becoming more and more widely accepted. Bennett 

(in press) used rye and barley to study the order of the chranosanes, 

and reported that barley chromosomes are lined up in the nucleus 

in the order 4-1-2-3-6-5-7. Looking at the frequency of different 

trisomies in the progeny of desynaptic mutants (Table 25) , and consider

ing this proposed order, one might hypothesize that perhaps the actions 

of at least these three desynaptic genes start at the ends of the 

line of chranosanes and work toward the middle. In such a case, 

one would expect chromosomes 4 and 7 to appear least often. 

Trisomies in the progeny of the crosses between des,,aj and 

a two-row erectoides mutant were identified cytologicaly and morpholo

gically. Progeny from those which were two-row/six-row heterozygous 

() trisomies and progeny from a two-row/six-row (F^) diploid were 

grown in Bozeman. Table 26 presents the F^ data from the F^ diploid 

and four F^ trisomies, identified as trisomies for chromosomes 1, 

3, 4, and 6. In the Fg data from the trisomic identified as trisomic 

for chromosome 1, the probability associated with the Chi-square 
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Table 25. Numbers of each kind of primary trisomic in the progeny of 
three desynaptic mutants. 

Most Frequent To 
Mutant 1 2 3 4 5 6 7 Least Frequent 

des 6i * 0 1 2 7 3 2 4 4-7-4-(3,6)-2-1 

des 7j * 2 0 2 9 6 2 3 4-5-7-(6,3,l)-2 

des,,aj 10 1 8 14 7 3 9 4-1-7-3-5-6-2 

total 12 2 12 30 16 7 16 4-(5,7)-(l,3)-6-2 

data from Hernandez-Soriano 1973 
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Table 26. Comparison of F2 ratios with expected diploid ratios from 
diploid and trisomic plants from des,,aj crosses. 

Trisomic Trisomic Trisomic Trisomic 
Phenotype Diploid III 1 III 3 III 4 III 5 Total 

1 VV 13 6 15 21 19 74 

Vv 49* 6 41 46 45 187 

w 32 6 28 20 13* 99 

D- 2 75 13 \J1
 

00
 

74 59 278 

dd 19 5 26 13 19 82 

E- 65 14 66 65 59 269 

>ee 29 4 18 22 18 91 

VVD- 10 5 11 13 13 52 

VvD- 39 1 29 42 35 146 

Wdd 3 4 4 8 6 25 

Vvdd 10 2 12 4* 10 38 

wD- 26 • 4 18 19 10 88 

wdd 6 2 10 1 3 22 

WE- 8 4 10 14 15 51 

VvE- 35 2 31 31 36 135 

Wee 5 6 5 7 4 27 

Vvee 14 0** 10 15 9 48 

wE- 33 4 25 20 8 79 

wee 10 2 3 0 5 20 

D-E- 53 9 45 54 44 205 

D-ee 22 4 13 20 14 73 

ddE- 12 5 21 11 15 64 

ddee 7 0 5 2 4 18 

= txfo-row, Vv = two-row/six-row, w <= six-row, expected 1:2:1. 
2 D- = normal) dd = desynaptic, expected 3:1 
O 
E- - normal spike, ee - erectoides spike, expected 3:1. 

* Probability of .05-.01 associated with Chi-square value. 
** Probability of <.01 associated with Chi-square value. 



value for idenpendence between the erectoides gene and the two-row 

gene was < .01, that is, the two genes do not appear to segregate 

independently. However, these two genes do appear to segregate indepen

dently in the F2 progeny from the other plants. There were only 

18 individuals in the progeny of the F1 plant trisomic for chromosome 

1. This low nunber is probably why the two genes did not appear 

to segregate independently in the F2 of this particular trisomic. 

The Fg data from the F1 plant identified as trisomic for 

chromosome 1 suggests that the two-row/six-row locus and the des,,aj 

locus did not segregate independently, with a probability of these 

numbers occurring due to chance alone of .05-.01. This probability 

is not very remote, and because these genes did not appear to segregate 

independently in the other four F^ progenies, this slight deviation 

is probably due to chance. 

In the progeny of the same plant, the des,,aj gene did not 

fit a 3 normal: 1 desynaptic ratio. Again, the probability of such 

numbers occurring due to chance is .05-.01. The Chi-square value 

calculated for fit to an 11:1 ratio also corresponds to a probability 

of .05-.01, while the value calculated for fit to an 11:7 ratio (the 

ratio expected it the desynaptic locu3 were on chromosome ^ and the 

F1 plant had a genotype of Des des des) corresponded to a probability 

of < .001. Thus, it seems likely that chance caused des,,aj to segregate 

as it did in the progeny of the F1 plant trisomic for chromosome 



The F2 data from the diploid shows that the two-row locus 

did not segregate in a 1:2:1 ratios, but had too many six-six row 

plants and too few two-row plants. Because these genes segregated 

normally in other progeny of this desynaptic mutant, it is not likely 

that some action of this particular desynaptic gene favors gametes 

carrying the six-row gene. 



SUMMARY 

The four desynaptic mutants in the variety Steptoe were all 

due to single recessive genes. Two were allele tested and found 

to be nonallelic. In each of the four desynaptic mutants, the degree 

of desynapsis was found to be the same when the mutant was grown 

in the field and the greenhouse, although the range of desynapsis 

observed was greater in plants grown in the greenhouse. 

The percent pollen stainability was compared with the percent 

seed set on crossed heads of each of the four desynaptic mutants 

to compare the effects of each mutant on microsporogenesis and mega-

sporogenesis. In two of the mutants, des,,aj and des,,ak, the peroent 

seed set was significantly greater than the percent of stainable 

pollen, suggesting that these mutants disrupt microsporo genesis more 

than megasporogenesis. In the mutants des,,al and des,,am, the percent 

stainable pollen was significantly greater than percent seed set, 

suggesting that these desynaptic mutants disrupt megasporogenesis 

more than microsporo genesis. 

Peroent selfed seed set at Tucson, AZ on 18 desynaptic mutants 

was compared with percent selfed seed set on these mutants at Bozeman, 

MT. Three mutants had significantly higher seed set at Bozeman, 

while seven had significantly higher seed set at Tucson. This suggests 

that these 10 mutants are highly susceptible to environmental influences. 

There were few F1 trisomies in the progenies of 17 desynaptic 

mutants crossed with unlocated mutants. None of the unlocated mutants 
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was assigned to a chromosome, although data suggest that des 8k may 

be located on chromosome 7. 

Peroents of open-pollenated seed set on progeny of desfIaj 

grown at Bozeraan, Tucson, and the greenhouse were compared. Seed 

set at Bozeman was the lowest (8.4^) while seed set in the greenhouse 

was the highest (29.4%). Seed set was significantly different on 

plants grown at the three locations. The frequencies of trisomies 

in the progeny of des,,aj grown at these three locations were the 

same. 

The frequency of aneuploids in the progeny of des,,aj 

crossed with the erectoides mutant ert-19 was the same as the frequency 

of aneuploids in the selfed progeny of these crosses. The frequency 

of aneuploids from seed set on selfed spikes of des,,aj was the same 

as the frequency of aneuploids from seed set on crossed spikes of 

des, ,aj. 

Four F,j trisomies were recovered in the progeny of crossed 

spikes of des,,aj. These were identified cytologically and morpholo

gically as trisomies for the chromosomes 1, 3, 4, and 6. The desynaptic 

mutant des,,aj and the erectoides mutant ert-19 did not appear to 

be associated with each other, or with the two-row/six-row locus. 

The different kinds of primary trisomies did not appear randomly 

in the progeny of des,,aj. Trisomies for chromosome 4 appeared most 

frequently, while trisomies for chromosome 2 appeared least frequently. 

The erectoides mutant, ert-19, may be located on chromosome 

2. The F2 ratios from the cross of des,,aj with ert>19 indicated 
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that it is not located on chromosomes 1, 3» or 6. The Fg data 

from the cross of des 13t X ert-19 indicated that it is not located 

on chromosome 5, while the F2 data from the crosses des la X ert-

1 9 and des 8k X ert-1 9 indicated that it is not located on chromosome 

7. Thus, by the process of elimination, ert-19 may be located on 

chromosome 2. The two-row/six-row locus, which is located on chromosome 

2, was not associated with ert-19 in any of the crosses. 
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