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ABSTRACT 

Three fragment trisomic lines involving the fragments from an 

811 barley were obtained for use in trisomic analysis. Three marker 

genes, at and trd from long arm of chromosome 5 and fs from chromosome 

7, were used to try and determine the composition of the fragment in 

these three trisomic lines. 

Based on the observed frequencies of F2 cytotypes, the 

transmission of the fragment chromosome through the male and female 

gametes was 18% and 17% respectively. 

The fragment chromosome in two lines did not carry the three 

loci, at, trd. and fs; therefore, the fragment in these two lines is 

identical and believed to be composed of some portion of the short arm 

of chromosome 5. 

The fragment in the third line did not carry the fs locus. The 

identity of the fragment in the third line remains unknown. 
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INTRODUCTION 

Barley is a diploid plant that has seven pairs of chromosomes. 

Each chromosome can be distinguished morphologically in root-tip 

squashes. There are five non-satellited and two satellited chromosomes. 

Chromosomes 1 through 5 have no satellite and are distinguished by their 

total lengths and arm ratios. Chromosome 1 is the longest and 5 is the 

shortest. The two satellited chromosomes are distinguished by the size 

of their satellite. Chromosome 6 has the larger and chromosome 7 has the 

smaller one. 

The chromosmome number may vary from the basic diploid number. 

If the number is not an exact multiple of the haploid number, they are 

called aneuploids. Aneuploids may have one or more chromosomes in 

addition to the diploid number or they may have fewer chromosomes than 

the diploid number. In a diploid species, like barley, only aneuploids 

with extra chromosomes are viable. Trisomic individuals have an extra 

chromosome or fragment chromosome present in addition to the basic 

diploid number. Tetrasomics have an extra pair of chromosomes or 

fragment chromosomes in addition to the diploid number. 

Primary trisomies appear spontaneously and in the progeny of 

triploids and aneuploids. Primary trisomic series have been established 

in several barley lines. Trisomic analysis is one of the easiest and 

most accurate ways of associating genes and linkage groups with their 

chromosomes. Trisomies are crossed with marker gene stocks. The seed 
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produced will contain both diploid and trisomic plants. The trisomic 

plants are grown to produce F2 seed. If a gene is located on the trisome 

involved, then the segregation for that character will be modified from 

the 3:1 ratio expected in the F2 of diploid plants. In primary trisomies 

of barley with chromosome segregation, dominant to recessive F2 ratios 

are about 11:1 and 11:7 respectively for a simplex and duplex genotype. 

If the gene is not located on the trisome, a 3:1 F2 ratio will be 

expected. Other trisomic types will also produce modified F2 ratios. The 

expected ratios will depend upon such factors as trisomic genotype, 

position of the gene in relation to the centromere, and transmission 

frequency of the extra chromosome. 

Tetrasomic plants may occur in a low frequency in the progeny of 

trisomies because the extra chromosome is rarely transmitted through the 

pollen due to the fact that pollen carrying an extra chromosome is not 

as competitive as normal haploid pollen and rarely accomplishes 

fertilization. Tetrasomic plants would be of use in producing F^ 

trisomic seed when crossed with diploid plants carrying marker genes. 

This would eliminate the procedure of selecting trisomic seed in the Fj. 

Tetrasomics containing an extra fragment pair have been found in barley, 

but so far none have been used in this manner. 

A barley with eight pairs of chromosomes, instead of the normal 

seven pairs, was used in this study. It is not a tetrasomic but behaves 

like a compensating diploid. It has six pairs of normal chromosomes plus 

two small pairs of interdependent fragment chromosomes. There is no 

normal chromosome 5. The two fragments together function as a chromosome 



5; however, the definite chromosomal composition of the two fragments is 

unknown. Both fragments apparently contain portions of chromsome 5 and 

there is probably an unknown amount of chromosome 7 that is duplicated 

in the fragments. The purpose of this study was to try and determine the 

presence of certain marker genes on the fragment chromosomes. The, 

presence of certain marker genes on the fragment chromosome may indicate 

the composition of the fragment chromosomes. Those genes from chromosome 

5 which are determined to be present on the fragment may indicate the 

presence of the interstitial portions of chromosome 5 on that fragment. 

The same conclusions may be drawn from marker genes from chromosome 7. 



LITERATURE REVIEW 

Trisomic individuals have one more chromosome than the normal 

somatic number. In addition to primary trisomies, which have an extra 

homolog of one pair, the extra chromosome may consist of various amounts 

and kinds of different chromosomes. 

Trisomies offer one of the best ways to assign genes to indivi

dual chromosomes. If a gene under investigation is on the extra chromo

some, it will show a trisomic ratio whereas if it is on one of the 

other chromosomes it will show a disomic ratio. The exact trisomic ratio 

is dependent on the genotype, chromosome segregation, and the tran

smission rate of the extra chromosome (Burnham 1980, Tsuchiya 1983). 

Primary trisomic individuals have one extra chromosome which is 

identical to one of those present in the normal complement. Primary 

trisomies have been established in a number of crop species such as 

barley (Hordeum yul_gare) (Tsuchiya 1983), tomato (Lvcopersicon 

esculentum) (Rick and Barton 1954), and sorghum (Sorghum vulqare) 

(Shertz 1966). 

Primary trisomies have originated spontaneously in commercial 

barley fields (Ramage 1985). They have also been derived from the proge

nies of triploid plants in tomato (Lesley 1928, Rick and Barton 1954) 

and barley (Tsuchiya 1964a, 1967) and desynaptic barley plants (Eckhoff 
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1982). Primary trisomic barley plants have been produced from the 

progeny of trisomic plants obtained from translocation heterozygotes 

(Ramage 1960). 

If the extra chromosome was transmitted through both male and 

female gamete in equal frequencies, self progeny of a trisomic 

individual should be in a ratio of 1 tetrasomic: 2 trisomic: 1 diploid. 

This ratio has not been observed in any species because the extra 

chromosome is rarely transmitted through the pollen and is usually 

transmitted through the eggs with a frequency of less than 50% (Burnham 

1980). 

Transmission frequencies of extra chromosomes in nine tomato 

trisomies ranged from 8.3% to 31.3% when selfed and from .44% to 24.7% 

in trisomic X diploid crosses (Rick and Barton 1954). Trisomies in the 

wild two-rowed barley (H^ spontaneum var. transcaspicum) showed an 

average transmission rate of 25.9% with a range of 21.2% for tri-2 to 

31.4% for tri-1 (Tsuchiya 1960). Tsuchiya (1964b, 1967) also established 

a trisomic series in the cultivated barley variety 'Shin Ebisu #16'. The 

average rate of transmission of the extra chromosomes for this series 

was 29%. The frequencies ranged from 12.5% for tri-1 to 36.7% for tri-4. 

There was also variation in the transmission rates between trisomic 

plants with the same extra chromosome. Primary trisomies in the barley 

variety 'Betzes' had an average transmission rate of 27.3% with a 

frequency that ranged from 20.6% for tri-1 to 31.9% for tri-4 (McDaniel 

and Ramage 1970). 
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Primary trisomies have been used effectively in assigning genes 

and linkage groups to chromosomes in barley (Tsuchiya 1983). Tsuchiya 

(1960) associated the seven linkage groups of barley with the 

chromosomes on which they were carried by trisomic analysis. In 

tomatoes, Rick and Barton (1954) assigned seven linkage groups to 5 of 

the 12 chromosomes. Linkage groups VI and VIII were assigned to one 

chromosome and groups X and XII were assigned to another chromosome. 

The extra chromosome in tertiary trisomic plants is a 

translocated chromosome. Two tertiary trisomies, one for each of the two 

chromosomes involved in the translocation, are expected in the progeny 

of one translocation heterozygote (Ramage 1960). 

Balanced tertiary trisomic plants (BTT's) carry the dominant allele 

of a marker gene that is closely linked to the translocation breakpoint 

on the extra chromosome. The recessive alleles are carried on the two 

normal chromosomes. The only viable pollen grains produced by a BTT are 

haploid and carry the recessive allele of the marker gene. The selfed 

progeny of a BTT will consist of about 30% BTT's with the dominant 

marker gene phenotype and about 70% diploids with the recessive 

phenotype (Ramage 1975). BTT's offer an ideal way to maintain stocks of 

recessive sterility and lethal genes (Ramage and Tuleen 1964). 

BTT's may be used to orient marker genes and translocation 

breakpoints. Ramage (1963) used BTT's involving chromosome 1 and the 

albino seedling gene (ac2) to orient the gene and the breakpoints of two 

translocations. The ac2 locus is located on chromosome 1. The breakpoint 

of translocation Tl-6a is located in the short arm of chromosome 1 and 
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in the satellite of chromosome 6 resulting in a chromosome that is 

easily distiguished morphologically in root-tip squashes. The BTT for 

chromosome T61a (chromosome 6 + a translocated peice of chromosome 1) is 

balanced for the albino gene, so the gene must be located on the short 

arm of chromosome 1 distal to the translocation breakpoint. The 

translocation breakpoint of Tl-7c was oriented using the ac2 gene. The 

tertiary trisomic for the T17c chromosome was balanced for the ac2 gene. 

Therefore the breakpoint of Tl-7c must be in the short arm of chromosome 

1 distal to the ac2 locus (Ramage 1963). 

Balanced Tertiary Trisomies have been used in the commercial 

production of hybrid barley (Ramage 1975). The method involves using a 

tertiary trisomic balanced for a male sterile gene. The BTT is the 

source of the female parents of a commercial hybrid. The progeny from 

the selfed BTT consists of about 30% fertile BTT plants and about 70% 

diploid male sterile plants. BTT's are typically weaker and smaller than 

their diploid siblings, so identification is easy in the seedling stage. 

In a seed production field planted with selfed progeny of BTT's, the 

diploid male sterile plants are rouged out to eliminate competition with 

the BTT plants. The BTT's serve as a pollen source to pollinate male 

sterile plants in a crossing block. As all pollen produced by the BTT 

will carry the male sterile allele, all seed produced on the male 

sterile plants will produce male sterile plants. Selfed seed of the 

BTT's will be used to produce the next season's pollen source. Some of 

the seed produced on the male sterile plants will be used to produce the 

male sterile plants for next year's crossing block and the rest of the 
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seed will be used as the female parent of hybrid barley. The hybrid 

barley 'Hembar' was produced by this method (Ramage 1975). 

The extra chromosome in a telotrisomic consists of a centromere 

and one complete arm of a normal chromosome. Telotrisomic plants have 

been obtained in the progenies of triploid and trisomic plants in barley 

(Tsuchiya 1983) and spontaneously in tomato (Khush and Rick 1968). 

Transmission of the extra chromosome in telotrisomics is 

generally higher than in the corresponding primary trisomies (Tsuchiya 

1969b). Tsuchiya found that the average transmission rate for 

telotrisomics was 36.2% and ranged from 36.0% for telo 1L to 38.0% for 

telo 4A, in barley. In tomatoes, the transmission rate of the extra 

chromosome in telotrisomics ranged from 10% for telo 3L to 48.5% for 

telo 3S, depending upon the size of the extra chromosome (Khush and Rick 

1968). 

Telotrisomic analysis can be used to locate a gene on a 

specific chromosome arm, to localize the position of the centromere, and 

to determine the gene order on chromosome arms (Tsuchiya 1983). 

The centromere postions in linkage maps have been determined for 

chromosomes 1 through 5 in barley based on telotrisomic analysis 

(Tsuchiya 1983). The segregation in the F2 generation of a duplex (AAa). 

where one A is located on the extra telocentric chromosome and near the 

centromere, is expected to be 1 A: 0 a ratio in the trisomic plants and 

3 A: 1 a ratio in the diploid plants. As the distance between the gene 
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and the centromere increases, equational segregation affects the 

frequency of the recessive phenotype; it increases in the trisomic 

portion and decreases in the diploid portion (Tsuchiya 1983). 

The orientation of two genes, cu2 and uz, in the long arm of 

chromosome 3 was determined by Tsuchiya and Singh (1982). A diploid 

plant double recessive for the genes cu2 and uz was crossed onto a 

homozygous dominant telotrisomic plant. Since a double recessive stock 

of cu2 and uz was used, the number of recessive plants in the F2 will 

indicate the orientation in relation to the centromere. Out of 158 

diploid plants in the F2 generation, 18 homozygous recessive cu2 plants 

and 10 homozygous recessive uz plants were obtained. These numbers 

indicate that the eu2 gene is located closest to the centromere. 

As a result of assigning certain genes to chromosome arms by 

means of telotrisomic analysis, linkage maps of barley chromosomes 3, 4, 

and 5 have been revised (Tsuchiya 1983). Certain genes that had been 

previously reported to be on one arm were assigned to the other arm. 

Tetrasomic individuals contain one extra pair of chromosomes in 

addition to the normal complement. Segmental tetrasomics, in which the 

extra pair is a fragment chromosome, have been reported in barley 

(Sheedy and Ramage 1985). 

Tetrasomics are found in the progeny of aneuploids: 

Telotetrasomics have been found in the progeny of telotrisomics in 

barley (Fedak and Hegalson 1970). The transmission of the extra telosome 

through the male and female was 92% and 97% respectively. Centric 

fragments have been established as fragment tetrasomics in the progeny 



of fragment trisomies (Frost and Ising 1964). Transmission of the 

fragment chromosome was about 50% through both the male and female 

gametes. Tsuchiya (1969a) found a fragment tetrasomic plant in the 

progeny of trisomic 6 in barley. Pollen fertility was high (61.3%) but 

the seed set was very low (2.0%) in the self-pollinated fragment 

tetrasomic plants. Transmission of this fragment chromosome was 5.26% 

through the pollen in the cross o.f. the fragment tetrasomic plant onto a 

diploid plant. The cross of a diploid plant onto a fragment tetrasomic 

plant was not made, so the transmission rate of the fragment through the 

female gamete was not obtained. 

A fragment tetrasomic plant found in the progeny of a fragment 

trisomic of chromosome 6 was reported by Ramage, Paluska, and Eslick 

(1975). The fragment trisomic occured spontaneously in a commercial 

field of the barley variety 'Betzes'. In the fragment trisomic, the 

transmission rate of the extra chromosome through the pollen and egg was 

11% and 40% respectively, which resulted in about 4% fragment 

tetrasomics in the selfed progeny of the trisomic. The tetrasomic 

progeny were very weak and highly sterile. 

Gill (1974) found a tetrasomic in the progeny of a tertiary 

trisomic for 5L-7S in tomato. It was unique because the extra pair was a 

pair of translocated 5L-7S chromosomes. Male and female transmission 

rates through the pollen and egg were 51.7% and 74.5% respectively. 

The extra chromosome in acrotrisomic plants is a fragment that 

consists of a centromere plus varying amounts of both arms (Tsuchiya 

1983). Although total lengths may vary, an acrotrisome has portions of 



both arms of the chromosome present. In the barley acrotisomic, 4L4S, 

the breakpoint in the long arm of chromosome 4 is located between the 

genes gl and br2 (Takahashi and Fukuyama 1977 as cited by Tsuchiya 

1983). In barley five genes were oriented on chromosome 4 by means of 

acrotrisomic analysis (Tsuchiya 1983). The genes lg4, flO, and gl showed 

a trisomic ratio and br2 and gl3 showed a disomic ratio in the F^. The 

orientation of these genes in the long arm of chromosome 4 was shown to 

be lg4, flO, and gl with br2 and gl3 being distal to the breakpoint of 

the acrotrisomic. 

Weibe, Ramage, and Eslick (1974) described a true breeding 

barley with eight pairs of chromosomes instead of the normal seven 

pairs. The probable derivation of the extra pair from a tertiary 

trisomic involving chromosome T7-5a was described by Sheedy and Ramage 

(1984). The extra translocated chromosome in the tertiary trisomic 

fragmented to about one third its original length which was then capable 

of be.ing transmitted through the pollen and when it combined with a 

trisomic egg it produced the 811 barley. Seven lines of 811 barley were 

isolated. In these lines, it was estimated that about 5% of the total 

gene pool in barley had been duplicated. The extra chromosome was 

regularly transmitted through the pollen and egg without any deleterious 

effects on viability of the gametes (Weibe, Ramage, and Eslick 1974). 

Finch and Kasha (1976) and Fedak (1977) studied chromosome 

pairing in haploids derived from Weibe's 811 barley and Fedak (1976) 

reported that the transmission of the extra chromosome was 100% through 

both the pollen and egg. 



Wei be (1975) reported an 811 line of barley that contained six 

normal chromosome pairs plus two pairs of interdependent fragment 

chromosomes. This line apparently originated from a spontaneous 

translocation between the normal chromosome 5 and the extra fragment 

chromosome in the 811 line line reported by Wei be, Ramage, and Eslick 

(1974). This line has six normal pairs of chromosomes plus two small 

fragment pairs. Normal chromosome 5 is missing. The two fragment pairs, 

when combined, make up for the missing chromosome 5. A deletion probably 

accompanied the translocation between chromosome 5 and the fragment 

chromosome. The resulting two fragments are interdependent and the plant 

is stabilized at eight pairs of chromosomes. One of the fragments 

cons'ists of a fragmented chromosome 5 and the other may consist of the 

centromere region of chromosome 7 surrounded by the rest of chromosome 5 

(Sheedy and Ramage 1984). 

The interdependent 811 barley plants are highly fertile and 

vigorous (Wiebe 1975). Meiosis is normal, so all selfed seed produced on 

these plants have the six normal pairs of chromosomes plus the two 

fragment pairs (Ries 1982). 

The chromosome composistion of plants from reciprocal crosses 

between normal 711 plants and 811 plants is six normal pairs plus one 

chromosome 5 and the two fragments (Ries 1982). In the F2, plants with 

seven cytotypes are expected. Two of these cytotypes are fragment 

trisomies consisting of seven pairs of normal chromosomes plus one or 

the other of the two fragment types. The average transmission rate of 



the of the extra chromosome in these two cytotypes was 40% through the 

egg and 2% through the pollen. These two fragment trisomies are the two 

cytotypes used in this study. 



MATERIALS AND METHODS 

An eight chromosome paired barley has been described by Wei be 

(1975) and in the present literature review. It differs from the normal 

seven chromosome paired barley in that it has six normal chromosome 

pairs plus two small interdependent fragment chromosome pairs. 

Chromosome 5 is missing, but the two fragment pairs combined function as 

a complete chromosome 5. An undetermined amount of chromosome 7 is 

probably duplicated in the two fragments (Sheedy and Ramage 1985). 

Fragment trisomies for each of the interdependent fragment 

chromosomes can be obtained in the of a cross between the 811 and 

normal 711 barleys. 

The composition of both fragments is unknown, but it has been 

proposed that one fragment is an acrocentric fragment of chromosome 5 

and the other fragment has the centromere of chromosome 7 surrounded by 

the remaining portions of chromosome 5 (Sheedy and Ramage 1984). It is 

unknown how much of chromosome 5 is present on each of the fragments and 

it has not been determined how much of chromosome 7 is present on the 

fragments. 

Fragment trisomies of this material were obtained from a 

previous study (Reis 1982). In this work, the identity of the fragment 

trisomies was unknown. It is possible that only one or the other of the 
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fragment trisomies was obtained. It is equally likely that both of the 

fragment trisomies were obtained. 

Three fragment trisomic lines were selected to be used in the 

present experiment as female parents in the trisomic analysis of marker 

genes. Each line was numbered 1 to 3. Three lines of barley, carrying 

marker genes from chromosomes 5 and 7, were selected for use as the male 

parents. These lines were numbered 4, 5, and 6. Descriptions of these 

lines are presented in Table 1. 

TABLE 1 Description of the Parent Lines 

Description 

Line # Chromosome # Marker Genes 

1 Fragment Trisomic TrdTrd, AtAt, FsFs 

2 Fragment Trisomic TrdTrd, AtAt, FsFs 

3 Fragment Trisomic TrdTrd, AtAt, FsFs 

4 Diploid trdtrd, Atat, FsFs 

5 Diploid TrdTrd, AtAt, fsfs 

6 BTT at TrdTrd, Atatat, FsFs 

The genes used from chromosome 5 were albino seedling (at) and 

third outer glume (trd). The genes at and trd are both inherited as a 

monofactorial genetic recessive trait. 

The albino seedling is easily recognized in the seedling stage 

as a white seedling. The gene was found as a spontaneous mutant in the 

barley variety 'Trebi' (Robertson 1929). 



Third outer glume is characterized by the presence of a bract or 

third outer glume covering the central floret and the two adjacent 

glumes at each rachis node. This was first found by Ivanova (1937) in 

Hordeum vulgare var. afghanicum as cited by Konzak (1953) who also found 

it as a spontaneous mutant in the variety 'Valki', C.I. 5478. The size of 

this outer glume is greatest at the lowest rachis node often enclosing 

the entire barley spike. The size decreases towards the top of the 

spi ke. 

The gene used from chromosome 7 was fragile stem (fs). The . 

fragile stem gene (fs) is a monofactorial recessive trait. 

Fragile stem has highly brittle stems and leaves which are 

easily distinguishable in the young plant. The gene was found in an 

unknown cultivar as spontaneous mutant. It was given the name 

"Kamairazu" which means "sickle not needed to harvest" (Tsuchiya and 

Haus 1971). 

Ten seed from each of the three fragment trisomic lines and 

diploid lines were planted in Bozeman, Montana in the summer of 1983. 

The ten plants in each fragment trisomic line were expected to segregate 

about 40% trisomic and 60% diploid (Reis 1982). No attempt was made at 

this time to determine if the fragments in these trisomic lines were the 

same or if they were different from each other. 

In order to confirm the identity of the trisomic plants, pollen 

mother cells (PMC's) were collected from smaller, less vigorous plants 

in each fragment trisomic line. Later, the PMC's were observed under the 

microscope to determine which plants were trisomic. 



PMC's were prepared by placing immature spikes into a solution 

of 3 parts 95% ethyl alchohol to 1 part glacial acetic acid. After one 

day the fixative was removed and replaced with 70% ethyl alchohol. The 

spikes remained in the alchohol until ready for microscopic examination. 

The smaller, less vigorous plants, from which PMC's had been 

collected, were selected to be used as the female parents of the crosses 

involving the marker genes. The selected plants were emasculated about 

three days before anthesis and bagged to prevent open pollination. In 

three days, when the emasculated flowers were open, they were pollinated 

with pollen from plants containing marker genes carried on chromosomes 5 

and 7. 

The three trisomic lines were used as female parents in six 

crosses. Selected plants from line 1 were crossed with plants from lines 

5 and 6. Selected plants from line 2 were crossed with plants from 

lines 4 and 6. Lines 5 and 6 were crossed onto selected plants in line 

3. 

In the late summer of 1983, the seed was harvested. PMC 

squashes were examined to determine which of the female plants were 

trisomic. The technique used for PMC analysis was a common acetocarmine 

procedure. The anthers were removed from the floret and placed in a 

drop of acetocarmine on a slide. The anthers were crushed and the PMC's 

were analyzed. All crosses that had been made on diploid plants were 

discarded. All seed from crosses made onto trisomic plants were saved. 
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In the fall of 1983, the F^ seed were germinated in growth 

pouches and the root-tips were removed and prepared for cytological 

examination. The preparation of root-tips was performed using a modified 

acetocarmine squash technique. Root-tips were removed when when the 

roots were 1-3 cm long and placed into a saturated aqueous solution of 

alpha-bromonapthalene. After two hours the root-tips were removed from 

the alpha-bromonapthalene solution and placed in warm (56 C) 1 N HC1 for 

one minute. The root-tips were placed in acetocarmine until ready for 

microscopic examination. 

Acetocarmine was prepared by adding one gram of carmine powder 

to 100 ml of boiling 45% acetic acid. The mixture was stirred while 

cooling for two hours. 

All F^ diploid seedlings were discarded and the F^ trisomic 

seedlings were transplanted into the greenhouse. The F^ seed produced on 

each trisomic plant was harvested in May of 1904. 

The ?2 generation was expected to produce diploid (711), 

fragment trisomic (7II+f), primary trisomic (7II+I), and segmental 

tetrasomic (7II+ff) plants. 

In the fall of 1984, ?2 populations were obtained from the six 

crosses made in the summer of 1983. The designation and origin of these 

populations are presented in Table 2. 

All seec' ffom ̂  trisomic plants were germinated in growth 

pouches and root-tips were prepared for cytological examination. The 

number of diploid, fragment trisomic, primary trisomic, and segmental 

tetrasomic plants were recorded during root-tip analysis. 
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TABLE 2 Origin and Designation of F2 Populations 

Designation 

Cross 
Fragment 

Trisomic Line 
Genes 
Invovled 

of F„ 
Populations 

1X5 1 f s lX5-a 

1X6 1 at lX6-a and lX6-b 

2X4 2 trd, at 2X4-a through 2X4-e 

2X6 2 at 2X6-a through 2X6-d 

3X5 3 fs 3X5-a and 3X5-b 

3X6 3 at 3X6-a 

2 Contingency X values were calculated from the numbers of 

diploid and fragment trisomic plants obtained in the F2 populations of 

the three fragment trisomic lines. 

Eight populations segregated for the albino seedling 

character and the ratios were recorded for further analysis. In these 

populations, the green plants were transplanted into the greenhouse in 

the Fall of 1984. 

The remaining populations were transplanted into the greenhouse. 

Three populations segregated for fragile stem. These populations were 

scored and recorded for this character when the plants were about 12 

inches high. Five populations, including one which segregated for albino 

seedling, segregated for third outer glume. These populations were 

scored and recorded for this character at the time of heading. 



Data from the F2 populations which segregated for the same 

character and originated from the same fragment trisomic line (Table 2) 

were combined and conclusions were based on the combined data. 

Chi-square values, for a fit to a 3:1 ratio, were calculated for the 

observed ratios in the diploid and fragment trisomic portions of the F2 

populations. A 3:1 ratio is expected in both the diploid and fragment 

trisomic portions if the gene is not located on the fragment. 

The percentage of recessive plants present in the trisomic 

portion of the F2 was calculated as part of the trisomic analysis to 

associate the genes to the fragment chromosome. No recessive plants 

should occur in the trisomic portion of the F^ generation if the gene is 

located on the extra chromosome. 



RESULTS AND DISCUSSION 

Fifteen F2 populations were obtained from crosses of three 

fragment trisomic lines with marker genes on chromosomes 5 and 7. A 

total of 888 F2 plants were analysed in root-tip mitosis for chromosome 

number and constitution (cytotype) and for one or more of the marker 

genes at, trd. and fs. 

Fragment Trisomic and Segmental Tetraspmic Plants In The F2 Generation 

The frequencies of F^ cytotypes from crosses involving fragment 

trisomic line 1 are given in Table 3. Of the 216 F2 plants, 59.7% were 

diploids, 36.6% were fragment trisomies, 1.9% were primary trisomies, 

and 1.9% were fragment tetrasomics. 

The frequencies of F2 cytotypes from crosses involving fragment 

trisomic line 2 are given in Table 4. Of the 533 F2 plants, 67.4% were 

diploids, 28.5% were fragment trisomies, 1.5% were primary trisomies, 

and 2.6% were fragment tetrasomics. 

The frequencies of F2 cytotypes from crosses involving fragment 

trisomic line 3 are given in Table 5. Of the 139 F2 plants, 74.8% were 

diploids, 23.7% were fragment trisomies, and 1.4% were fragment 

tetrasomics. No primary trisomic plants were observed in the 3 F2 

populations. 
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Table 3 Number of F_ cytotypes observed in root-tip 
mitosis from crosses involving fragment 
trisomic line 1. 

Population 2n 2n+f 2n+I 2n+ff Total 

lX5-a 34 26 2 2 64 

lX6-a 51 31 0 2 84 

lX6-b 44 22 2 0 68 

Total 129 79 4 4 216 

% 59.7 36.6 1.9 1.9 100 

Table 4 Number of cytotypes observed in root-tip 
mitosis from crosses involving fragment 
trisomic line 2. 

Population 2n 2n+f 2n+I 2n+ff Total 

2X6-a 71 33 1 1 106 

2X6-b 56 27 2 5 90 

2X6-C 52 17 0 2 71 

2K6-d 47 18 0 0 65 

2X4-a 12 22 0 0 14 

2X4-b 30 12 1 2 45 

2X4-C 28 10 0 1 39 

2X4-d 28 13 3 1 45 

2X4-e 35 20 1 2 58 

Total 359 152 8 14 533 

% 67.4 28.5 1.5 2.6 100 
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Table 5 Number of F„ cytotypes observed in root-tip 
mitosis from crosses involving fragment 
trisomic line 3. 

PoDulation 2n 2n+f 2n+I 2n+ff Total 

3X5-a 68 24 0 2 94 

3X5-b 12 6 0 0 18 

3X6-a 24 3 0 0 27 

Total 104 33 0 2 139 

% 74.8 23.7 0 1.4 100 

Combining populations from all three fragment trisomic lines, 

frequencies of 66.67% diploids, 29.73% fragment trisomies, 1.35% primary 

trisomies, and 2.25% fragment tetrasomic plants are obtained. To account 

for these frequencies, the assumption that transmission of the fragment 

chromosome through the male gamete is at least equal to the transmission 

through the female gamete must be made. 

Assuming no male transmission of an extra normal chromosome 

through the male gamete (Tsuchiya 1983), the closest fit to the observed 

data is obtained by assuming equal numbers of haploid gametes in both 

eggs and sperm. Calculated male gametic frequencies would be .82 haploid 

gametes and .18 gametes with the extra fragment chromosome and female 

gametic frequencies would be .82 haploid gametes, .17 gametes with the 

extra fragment chromosome, and .01 gametes with an extra normal 

chromosome. 

These gametic frequencies will account for the observed numbers 

of diploids and fragment trisomies; however, more primary trisomies and 
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fewer fragment tetrasomics were observed than expected with these 

gametic frequencies. This could be due to chance, as only 12 and 20 

plants out of 888 were repectively primary trisomies and fragment 

tetrasomics. 

Reis (1982) reported only two percent transmission of a fragment 

chromosome through the male gamete and 40% through the female gamete. 

The higher male and lower female transmissions observed in this study 

has not been explained. 

Segregation of the Marker Genes Located on Chromosome 5 

The F2 populations from crosses involving three fragment 

trisomic lines and the marker genes at and trd were examined to 

determine if the marker gene loci were located on the fragment 

chromosomes in these three lines. 

Albino Seedling 

Two of the F^ populations involving fragment trisomic line 1 

segregated for albino seedling. Data obtained from these two populations 

are presented in Table 6. In the diploid class, 77 green and 18 albino 

seedlings were observed, and in the fragment trisomic class, 45 green 

and 8 albino seedlings were recorded. Chi-square values for a fit to a 

3:1 ratio for the observed ratios are 1.856 (P=.2-.l)and 2.774 

(P=.10-.05) for the diploid and fragment trisomic class respectively. 

These analyses indicate that the albino gene segregates in normal 3:1 F2 



2 ratios in the two cytotypes. These X values, plus the presence of 15.1% 

recessive plants in the fragment trisomic portion indicate that the at 

locus is not located on the fragment in line 1. 

Five of the ?2 populations involving fragment trisomic line 2 

segregated for the albino seedling character. Segregation data obtained 

from these five populations are given in Table 7. In the diploid class, 

213 green and 48 albino seedlings were observed, and in the fragment 

2 trisomic class, 85 green and 18 albino seedlings were recorded. The X 

values for a fit to a 3:1 ratio for the observed ratios are 6.080 

(P=.05-.01) and 3.110 (P=.10-.05) for the diploid and fragment trisomic 

2 classes respectively. The X value for the diploid portion rejects a fit 

to the 3:1 ratio. This could be due to the presence of gametophyte 

factors located around the centromere of chromosome 5 which would reduce 

2 the frequency of gametes with the recessive albino gene. The X value in 

the trisomic portion, plus the presence of 17.5% recessives, indicate 

that the at locus is not located on the fragment in line 2. Also, the 

observation of 1 albino out of 10 fragment tetrasomic plants tends to 

confirm this conclusion. 

Only one F2 population involving fragment trisomic line 3 

segregated for the albino seedling character and only 27 F^ plants were 

obtained. Of these 27 plants, 24 were diploid and 3 were fragment 

trisomic. Six of the 24 diploid, and none of the 3 fragment trisomies 

were albinos (Table 8). Based on these ratios, no conclusion can be 

drawn concerning the location of the at locus on the fragment in 

line 3. 



All ?2 populations involving fragment trisomic lines 1 and 2 had 

less than 25% albino seedlings in both the diploid and fragment trisomic 

portions. The frequency of albinos in the diploid and fragment trisomic 

portions of line 1 is 18.9% and 15.1% respectively, and 18.4% and 17.5% 

in the diploid and fragment trisomic portions of line 2. Statistically 

these frequencies are not significantly different and the difference 

between them and the expected 25% are probably not related to the 

inheritance of the extra chromosome. Because almost as many recessives 

were observed in the diploid classes as in the fragment trisomic 

classes, the at locus is probably not located on the extra chromosome in 

either fragment trisomic line 1 or 2. This means that the extra 

chromosomes in the two fragment trisomic lines are probably identical. 

Table 6 Segregation for albino seedling in F2 populations involving 
fragment trisomic line 1. 

2n 2n+f 2n+I 2n+ff Total X^ fit to a 3:1 ratio 

Pooulations A:a A:a A:a A:a A:a 2n 2n+f 

lX6-a 44:7 26:5 0:0 2:0 72:12 3.458 1.301 

lX6-b 33:11 19:3 1:1 0:0 53:15 0.000 1.515 

Total 77:18 45:8 1:1 2:0 125:27 1.856 2.774 
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Table 7 Segregation for albino seedling in F^ populations involving 
fragment trisomic line 2. 

2n 2n+f 2n+I 2n+ff Total X2 fit to a 3:1 ratio 

Populations A:a A:a A:a A:a A:a 2n 2n+f 

2X6-a 59:12 26:7 1:0 1:0 87:19 2.484 0.253 

2X6-b 43:13 21:6 1:1 5:1 70:21 0.095 0.111 

2X6-c 42:10 15:2 0:0 2:0 59:12 0.923 1.588 

2X6-d 41:6 13:3 0:0 0:0 54:9 3.752 0.333 

2X4-c 28:7 10:0 0:0 1:0 39:7 0.467 -

Total 213:48 85:18 2:1 9:1 309:68 6.080 3.110 

Table 8 Segregation for albino seedling in the 
fragment trisomic line 3. 

F^ population involving 

F2 2n 2n+f 2n+I 2n+ff Total X2 fit to a 3:1 ratio 

PoDulation A:a A:a A:a A:a A:a 2n 2n+f 

3X6-a 18:6 3:0 0:0 0:0 21:6 0.0 

Third Outer Glume 

Four of the F2 populations involving fragment trisomic line 2 

segregated for third outer glumes. Data from the populations are 

presented in Table 9. In the diploid class, 81 normal and 24 third outer 

glume plants were recorded, and in the fragment trisomic class, 36 

normal and 11 third outer glume plants were observed. Chi-square values 

for a fit to a 3:1 ratio for the observed ratios are 0.257 (P=.7-.5) and 

2 0.064 (P=.9-.7). These X values, plus the presence of 23.4% recessive 

plants in the fragment trisomic class, indicate that the locus is not 



located on the fragment in line 2. The observations of 1 recessive in 5 

primary trisomies and 1 recessive out of 5 fragment tetrasomic plants 

tend to confirm this conclusion. 

One F2 population involving fragment trisomic line 2 segregated 

for both albino seedling and third outer glume. Data from this 

population is shown in Table 10. In the diploid class, 23 normal and 5 

third outer glume plants were observed, and in the fragment trisomic 

2 class, 8 normal and 2 third outer glume plants were recorded. The X 

values for a fit to a 3:1 ratio for the observed ratios are 0.762 

2 (P=.3-.5) and 0.133 (P=.2-.3). These X values, plus the presence of 20% 

recessive plants in the fragment trisomic class, indicate that the trd 

locus is not located on the fragment in line 2. The only fragment 

tetrasomic plant in the population was recessive which tends to confirm 

this conclusion. 

Less than 25% recessives were observed in both the diploid and 

fragment trisomic portions of the F2 populations. There were 22.8% 

recessives in the diploid and 23.4% recessives in the fragment trisomic 

portions. Although the frequencies are less than 25%, they are not 

statistically different from each other or the expected 25%. Lower 

percentages of both at and trd plants in the F2 populations can be 

explained by a gametophyte factor. The trd locus is distal to the at 

locus and some 35 to 40 recombination units from it. Several gametophyte 

factors are located around the centromere region of chromosome 5 (Ramage 

1986). Such a factor, or factors, would be expected to reduce the 

transmission of trd less than the transmission of at because of the 
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genetic recombination between the two loci. Although the numbers are too 

small to be reliable, the frequencies of recessive trd plants in the two 

classes (17.8% diploid and 20.0% fragment trisomic) from the population 

that were segregating for both at and trd support the gametophytic 

explanation. 

The probable karyotype of the two fragment chromosomes involved 

in the interdependent 811 barley has been described (Sheedy and Ramage 

1984). One of the fragments i s thought to have the centromere of 

chromosome 5 .plus segments of both arms. The other fragment is 

thought to contain the centromeric region of chromosome 7 plus the 

remaining portions of chromosome 5. 

Two possibilities of translocational events exist in the 

formation of the two interdependent fragment pairs. The first is that a 

translocation occured between chromosome 5 and the extra fragment of 

chromosome 75a as described by Sheedy and Ramage (1984). One of the 

breakpoints occured between -the centromere and the at locus on the long 

arm of chromosome 5 which translocated the at and trd segment of 

chromosome 5 to the centromere fragment of chromosome 75a. The end 

result was two fragment chromosomes. One had the centromere, short arm, 

and part of the long arm of chromosome 5. The other had the centromere 

of chromosome 7 plus that part of the long arm of chromosome 5 which 

included the at and trd loci. 



Table 9 Segregation for third outer glume in Fp populations involving 
fragment trisomic line 2. 

?2 2n 2n+f 2n+I 2n+ff Total X2 fit to a 3:1 

Populations Trd:trd Trditrd Trd;trd Trd:trd Trdstrd 2n 2n+f 

2X4-a 9:3 0:2 0:0 0:0 9:5 0.000 -

2X4-b 21:9 10:2 1:0 2:0 34:11 0.400 0.444 

2X4-d 21:7 11:2 2:1 0:1 34:11 0.000 0.641 

2X4-e 30:5 15:5 1:0 2:0 48:10 2.143 0.000 

Total 81:24 36:11 4:1 4:1 125:37 0.257 0.064 

Table 10 Segregation for third outer glume in the F2 population, which 
also segregated for albino seedling, involving fragment 
trisomic line 2. 

F2 2n 2n+f 2n+I 2n+ff Total X2 fit to a 3:1 

Population Trd:trd Trd:trd Trd:trd Trd:trd Trditrd 2n 2n+f 

2X4-C 23:5 8:2 0:0 0:1 31:8 0.762 0.133 

The second possible trans!ocational event is the occurence of a 

translocation between the short arm of chromosome 5 and the fragment of 

chromosome 75a. One fragment would consist of the centromere of 

chromosome 5 and all of the long arm plus part of the short arm. The 

other fragment would have the centromere of chromosome 7 plus part of 

the short arm of chromosome 5. 

In both possibilities, there is no deletion or duplication of 

chromosome 5 material. The fragment present in the fragment trisomic 

lines 1 and 2 does not carry the at and trd loci which are located on 
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the long arm of chromosome 5. Therefore, the fragment is probably 

composed of some portion of the short arm of chromosome 5. 

2 Contingency X values were obtained from the numbers of diploid 

and fragment trisomic plants in the F2 populations from the three 

fragment trisomic lines. A value of 4.076 (P=.05-.01) was obtained 

between the lines 1 and 2. A value of 6.519 (P=.05-.01) was obtained 

between the lines 1 and 3, and a value of 1.429 (P=.3-.2) was obtained 

between lines 2 and 3. As the same extra chromosome is in lines 1 and 2, 

2 the contingency X value of 4.076 is due to chance. 

Segregation of the Marker Gene Located on Chromosome 7 

The F^ populations from crosses involving two fragment trisomic 

lines and the marker gene fs were examined to determine if the fs locus 

was located on the fragment chromosomes in these two lines. 

Fragile Stem 

One of the F2 populations involving fragment trisomic line 1 

segregated for fragile stem. Data obtained from this population are 

presented in Table 11. In the diploid class, 24 normal and 10 fragile 

stem plants were recorded, and in the fragment trisomic class, 19 normal 

2 and 7 fragile stem plants were observed. The X values for a fit to a 

3:1 ratio for the observed ratios are 0.353 (P=.7—.5) and 0.051 

2 (P=.9—.7) for the diploid and fragment trisomic portions. These X 

values, plus the presence of 26.9% recessive plants in the fragment 

trisomic portion, indicates that the fs locus is not located on the 

fragment in line 1. The presence of 1 recessive plant out of 2 primary 



trisomies and 1 in 2 fragment tetrasomic plants tends to confirm this 

conclusion. 

Two of the populations involving fragment trisomic line 3 

segregated for fragile stem. Data obtained from the populations are 

shown in Table 12. In the diploid portion, 55 normal and 25 fragile stem 

plants were observed, and in the fragment trisomic portion, 22 normal 

and 8 fragile stem plants were recorded. Chi-square values for a fit to 

a 3:1 ratio for the observed ratios are 1.667 (P=.2) and 0.044 (P=.9-.7) 

2 in the diploid and fragment trisomic portions. These X values, plus the 

presence of 26.6% recessive plants in the trisomic portion, indicate 

that the fs locus is not located on the fragment in line 3. Further 

evidence of 2 fragile stem plants out of 4 fragment tetrasomic plants 

tends to confirm this conclusion. 

Table 11 Segregation for fragile stem in the population involving 
fragment trisomic line 1. 

F2 2n 2n+f 2n+I 2n+ff Total X^ fit to a 3:1 ratio 

Population Fssfs Fs:fs Fs:fs Fs:fs Fs:fs 2n 2n+f 

lX5-a 24:10 19:7 1:1 1:1 45:19 0.353 0.051 



Table 12 Segregation for fragile stem in populations involving 
fragment trisomic line 3. 

F2 2n 2n+f 2n+I 2n+ff Total X2 fit to a 3:1 ratio 

Populations Fs:fs Fs:fs Fs:fs Fs:fs Fs:fs 2n 2n+f 

3K5-a 48:20 19:5 1:1 68:26 0.706 0.222 

3X5-b 7:5 3:3 1:1 11:9 1.778 2.000 

Total 55:25 22:8 2:2 79:35 1.667 0.044 



SUNMARY 

The frequencies of the different cytotypes of plants obtained in 

the generation were analyzed to try and determine the transmission of 

the fragment chromosome through the male and female gametes. The 

closest fit to the observed data was a transmission of 18% through the 

male gamete and 17% through the female gamete. These results differ with' 

previous work which indicated in 2% male transmission and 40% female 

transmission. No explanation is given to the large differences in the 

gamete transmission. 

Data from the F£ populations from crosses involving the fragment 

trisomic lines 1 and 2 and the marker genes at, trd, and fs were 

analyzed. Results indicated that the locus for the at gene is not 

present on the fragment in lines 1 and 2, so the fragment chromosomes in 

these two lines are probably identical. If this is the case, results for 

the fragment in line 1 would apply to the fragment in line 2 and vice 

versa. Results for line 1 indicate that the fs locus is not located on 

the fragment and results for line 2 showed that the trd locus is not 

located on the fragment; therefore, the three loci, at, trd, and fs are 

not located on the fragment chromosomes involved in lines 1 and 2. 

The data obtained from the F2 populations involving fragment 

trisomic line 3 and the two marker genes at and fs were analyzed. 

Insufficient data were obtained to draw any conclusions about the 

presence of the at locus on the fragment in this line, but the other 
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results indicated that the fs locus is not located on the fragment. It 

is not known if the fragment in line 3 is identical to the fragment 

in lines 1 and 2. The fragment containing the centromeric region of 

chromosome 7 may not carry the fragile stem locus, so the absence of the 

fragile stem locus on the fragment tested does not mean that this 

fragment contains only chromosome 5 material. 
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