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ABSTRACT 

Double trisomies, obtained from the progeny of 

partially sterile plants selected from a commercial field 

of Betzes barley, were identified cytologically and from 

the morphology of their primary trisomic progeny. They 

were studied for chromosome transmission and their plant 

morphology was compared to diploid and primary trisomic 

plants. 

Progenies of 62 partially sterile plants that 

segregated for aneuploidy contained 23 .4% double trisomies. 

Thirteen of the 21 possible double trisomies were identi

fied. The seven chromosomes were not involved in double 

trisomies in equal frequencies. Chromosome k was involved 

in the most, and chromosome 1 in the fewest, double 

trisomies. 

Progenies of double trisomies contained 59«1% 

diploids, 36.5% primary trisomies, 3*5% double trisomies, 

0.k% 23-chromosome plants, 0.4% plants with an extra frag

ment, and 0.1% 19-chromosome plants. There were more 

primary trisomies and fewer diploids and double trisomies 

than expected. The differences can be explained by 

preferential loss of double trisomies. 

Plants with 23 chromosomes were found in both 

selfed and crossed progenies of double trisomies. The 

vi 
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23-chromosome plants could have resulted from fertilization 

of an unreduced egg by a normal pollen grain. Fertiliza

tion of an unreduced egg in normal Betzes would produce a 

triploid. This may account for the origin of the partially 

sterile plants that were found in the commercial field of 

Betzes barley. 

Identifying characteristics of tri-1 plants were 

narrow, long, dark-green leaves and a low rachis internode 

number. Double trisomies involving chromosome 1 had dark-

green, narrow leaves that were near normal in length. They 

had a low rachis internode number and set no selfed seed. 

Tri-2 plants had narrow, light-green leaves that were 

longer than diploids, but not as long as tri-1 plants. 

Tri-2 plants were taller and had more rachis internodes 

than tri-1 plants. Double trisomies involving chromosome 2 

had leaves and spikes resembling tri-2 plants but were not 

as tall as tri-2 plants. Tri-3 plants grew faster than any 

of the other trisomies. They had a soft, loose flag leaf 

sheath and short rachis internodes giving them an erectoides 

type spike. Occasionally they exhibited a long basal 

internode and florets attached to the rachilla. Double 

trisomies involving chromosome 3 had the fastest growth 

rate of all double trisomies. In all combinations except 

with chromosome 7, they had the short rachis internodes 

typical of tri-3 plants. Floret development on the 

rachilla was observed on several double trisomies involving 
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chromosome 3« Tri-4 plants had the slowest growth rate of 

the primary trisomies. They had wide leaves, short, thick 

culms, and a large number of rachis internodes. Double 

trisomies involving chromosome 4 resembled tri-4 plants but 

the characters were more variable and dependent on environ

mental conditions. Tri-5 plants had a short spike with 

short rachis internodes and a long basal internode. Double 

trisomies involving chromosome 5 had the long basal inter

node typical of tri-5 plants. Tri-6 plants were about as 

tall, had fewer tillers, purple stems, and shorter spikes 

than diploids. This was the most fertile of the trisomies. 

Double trisomies involving chromosome 6 had variable 

expressions depending on the other chromosome present. 

Anthocyanin pigmentation was usually expressed in the 

double trisomies involving chromosome 6. Tri-7 plants had 

weak root systems and did not have the capacity for re-

growth. They had a low number of nodes and long rachis 

internodes. Double trisomies involving chromosome 7 

expressed the long rachis internodes of tri-7• They had 

large seed but exhibited poor germination considering the 

weight of the seed. 

From the phenotypes of the double trisomies, it can 

be predicted that tertiary trisomies containing an extra 

chromosome composed of chromosomes 3 and 4, 3 and 6, or 4 

and 6 would be the most vigorous trisomic for producing 

balanced tertiary trisomies for hybrid barley production. 



INTRODUCTION 

Aneuploids have chromosome numbers that are not 

exact multiples of the somatic number characteristic of the 

species. A trisomic is an aneuploid that has an extra 

chromosome, a double trisomic has 2 different extra chromo

somes, a triple trisomic has 3 different extra chromosomes, 

and a tetrasomic has 2 extra chromosomes that are alike. 

Primary trisomies have an extra chromosome like one of the 

chromosomes in the normal chromosome complement and second

ary trisomies have an extra chromosome with identical arms 

(Burnham, 1962). Tertiary trisomies have an extra chromo

some produced by a translocation between two non-homologous 

chromosomes (Ramage, i960). 

A method of producing male sterile plants by using 

balanced tertiary trisomies has been described (Ramage, 

1965)* Tertiary trisomies that are balanced for male 

sterility produce male sterile diploids and male fertile 

tertiary trisomies, and when the trisomic progeny are 

planted, the cycle is repeated. In hybrid barley, the 

balanced tertiary trisomic 27d has been used to produce the 

male sterile parent in hybrid barley. This trisomic is 

weak and it grows slower than diploids, characters neces

sary for hybrid barley production in the past. Since R. 

T. Ramage is developing tertiary trisomies balanced for 

1 



male sterility and albinism which will self-rogue male-

sterile diploids from trisomies in trisomic progeny, more 

vigorous trisomies are desirable. 

Partially sterile plants were observed and selected 

in a field of barley in Montana. Some of these plants 

segregated for either male-sterility, translocations, 

desynaptics, or aneuploidy. This study was concerned with 

the progeny of plants segregating for aneuploidy. The fre

quency of double trisomies and other aneuploids in the 

progeny of plants segregating for aneuploidy was determined. 

The extra chromosomes in double trisomies were identified 

and the frequency of each trisomic combination was cal

culated. The segregation of double trisomies was studied 

to determine the frequency of diploids, primary trisomies, 

and double trisomies and to determine if there were any 

deviations in segregation ratios. Phenotypes of diploids, 

primary trisomies, and double trisomies were compared to 

determine similarities and dissimilarities between chromo

somal levels and chromosome interactions. The vigor of 

various double trisomies was evaluated to determine which 

chromosome combinations would have the highest probability 

of producing a vigorous tertiary trisomic for hybrid seed 

production. 



REVIEW OF LITERATURE 

Trisomic plants were identified and reported in 

Datura stramonium L. by Blakeslee, Belling, and Farnham in 

1920. The first report of trisomies in barley (Hordeum 

vulgare L. emend Lam.) was by Katterman in 1939* A review 

of the literature concerning barley trisomies from 1951 to 

1962 has been given by Nilan (1964) and a list of available 

barley trisomic stocks has been given by Tsuchiya (1971) • 

Trisomic plants can occur spontaneously or as 

progeny of triploids, tetraploids, single or multiple tri

somies, asynaptics, or long chromosome plants (Burnham, 

1962; Tsuchiya, 1963)* Progeny of interchange hetero-

zygotes include primary and tertiary trisomies (Ramage, 

I960). 

Double trisomies in Datura stramonium were obtained 

in the progeny of primary and secondary trisomies. Double 

trisomies did not include the same extra chromosome as 

those present in the aneuploid parent in all cases 

(Blakeslee and Avery, 1938). Double trisomies occurred 

spontaneously in Matthiola incana R. Br. (Frost, 1927). A 

double trisomic in wild senna (Cassia Tova Linne) was pro

duced in the F^ generation of an asynaptic X normal cross 

(Katayama, 1962). Hermsen (1969) obtained 12 trisomies and 



one double trisomic from 156 plants while inducing haploids 

in tetraploid Splanum chacoense Bitt. 

Triploids that are selfed pr crossed with diploids 

produce aneuploids. Chromosome segregations from crosses 

and selfs of autopolyploids or near autopolyploids that 

have been reported are listed in Table 1. This table 

includes only diploid species in which triploids were pro

duced. Among the species listed in Table 1, triploid 

Clarkia unguiculata is the only species that produced 

double trisomies at the highest frequency in its progeny 

(Vasek, 1956). 

Plants having chromosome numbers higher than the 

triploid parent were observed in progeny of Medicago spp. 

(Kasha and McLennan, 1967), Nicotiana svlvestris (Goodspeed 

and Avery, 1939), Splanum tuberosa (Vogt and Rowe, 1968), 

Collinsia tinctoria (Chomchalow and Garber, 196^), Fragaria 

(Yarnell, 1931), Hordeum vulgare (Tsuchiya, 1967), 

Pennisetum typhoides (Gill, Virmani, and Minoche, 1970), 

and Zea mays (Punyasingh, 19^7)* 

Triploids occur spontaneously in Humulus lupulus 

(Haunold, 1970), Secale cereale (Kamanoi and Jenkins, 1962), 

Lycopersicurn esculentum (Lesley, 1928), Sorghum bicolor 

(Lin and Ross, 1969a), Zea mays (McClintock, 1929), and 

Hordeum vulgare (Eslick and Ramage, 1969)* Triploids have 

been induced with colchicine in Hordeum vulgare (Kerber, 

195'l; Tsuchiya, 1967), ,H« spontaneum (Tsuchiya, 1958), 



Table 1. Chromosome segregation in per cent from triploid or near triploid 
plants. 

ioh 
Haploid 

no • Cross 2N 2N+1 
2N+1 
+1 

2.N1I 
+111 Other Total Authority 

Lotus iifi'liinrn 1 Cav. 6 3x 
2x 
3x 

x 2x 
x 3x 
self 

62.7 
57.1 
50.0 

35.8 
42.8 
50.0 

1.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.5 
0.0 
0.0 

193 
7 
0 

Chen and Grant, I968 

SpinacoH olerac»-a L. 6 3 x 
2x 

x 2x 
x 3x 

23.0 
7'wO 

30.0 
9.0 

12.0 
1.0 

6.0 
0.0 

29-0 
16.0 

130 
144 

Tubuslii, 1958 

Sninucea olnracea L« 6 3* 
2x 

x 2x 
x 3* 

27*5 
49.3 

36.1 
17.9 

7.0 
0.5 

0.9 
0.0 

28.4 
32.3 

327 
604 

Janick, Mahonoy, and Pfahler, 
1959 

Ci.) ; insia linctcria Uartw. 7 3* 
2x 
3* 

x 2x 
x 3x 
self 

22.8 
25.0 
20.0 

71.4 
37.5 
40.0 

0.0 
12.5 
0.0 

0.0 
0.0 
0.0 

5.7 
25.0 
40.0 

35 
8 
5 

Chomchalow and Garber, 1964 

7 3x x 2x 36.0 44.0 8.0 4.0 8.0 25 Yarnoll, 1931 

1?'.:".isativum Pers. 7 3x x 2x 42.8 42.8 14.3 0.0 0.0 14 Tsuchiyn, 1952 

i!ar 1..-UR1 ijostivuni Hall* 7 3x O.P. 36.0 52.0 4.0 0.0 8.0 25 Kerber, 1954 

h r.ont unburn C. liach 7 3* 
2x 
3* 

x 2x 
x 3x 
self 

25.0 
79.0 
19.5 

59.5 
13.5 
48.4 

9.5 
0.5 
18.9 

1.2 
0.0 
3.2 

4.8 
7.0 

10.0 

80 
591 

. 190 

Tsuchiya, 1963 

4'.»m vtiiuaro L. 
oir.'.-i rl lw>m. 

7 3* 
2x 

x 2x 
x 3x 

45.8 
92.0 

33-3 
4.0 

16.7 
0.0 

4.2 
0.:) 

0.0 
4.0 

24 
25 

Tsuchiya, 1967 

I.ol i. fi. £.nno L. 7 3x O.P. 25.2 43.7 22.7 5.) 3.4 119 Myera, 1944 

P«?;u. i tvphoiden Burnt* 7 3x 
2x 

x 2x 
x 3x 

64.8 
97-1 

22.0 
2.1 

0.0 
0.0 

O.Q 
0.0 

13.2 
0.8 

91 
239 

Gill, Vlrmani, and Minocha, 
1970 

ii:ca!e Ceiv-rtle L. 7 3x 
3* 
3* 

aelf 
O.P. 
x 2x 

55.2 
51.0 
20.7 

34.5 
42.5 
39.7 

0.0 
1.3 
20.7 

• 0.0 
' O.ti 
1 0 .  J  

10.3 
4.6 
8.6 

29 
306 
58 

Kamanoi and Jenkins, 1962 

AlJi'jiri achoenotiraaum L* 8 'JX 

2x 
X 2x 
x 3* 

27.6 
7'i.6 

31.0 
0,0 

3.4 
0.0 

6,9 
0.0 

21.0 
£5.4 

29 
71 

Levon, 1936 

Antirrhinum iii£i jus L. a 3x x 2x 47.1 39.3 — — 13.6 582 Sampson, Hunter, and Bradley, 
1961 



Table 1.--Continued 

llaploid 
Species no. Cross 2N 2N+1 

2.N+1 
+1 

2M+1 
+ 1+1 Other Total Authority 

Mff'licfjtro S[*r>* 8 3x X 2x 39.8 'll. .9 11.8 3.2 3.2 93 Kasha and McLonnan, 1967 

bfta vu1 car is L• 9 3x 
2x 

X 
X 

2x 
3x 

9.8 
77.1 

23. 
6. 

. 2 26.8 
6.2 

17.1 
0.0 

23.2 
10.4 

82 
48 

Levari, 1942 

Cl.u'kia ui» i*«i i cu 1 at a L( 9 3x X 2x It).6 16, .3 30.2 11.6 23.2 43 Vasek, 1956 

iiii;nii I um 1u(<d1i!s L. 10 3x X 2x 8.7 13. .2 14.5 3.9 59.8 517 liaunold, 1970 

Sorzhnm vultr&re Pers • 10 3x X 2x 36.0 36.O 12.0 4.0 12.0 25 Price and Ross, 1955 

Surtfhum bicolor (L«) Moeuch 10 3x self 36.0 52. .2 9.9 0.9 0.9 111 Lin and Ross, 1969a 

S<.ri/huin hicolor (L.) Moeuch 10 3x X 2x 50.2 44. .9 3.8 — 1.1 733 Hunna and Schortz, 1971 

Ztsix mavs L« 10 3x 
2x 

X 
X 

2x 
3* 

0.0 
73.0 

15. 
16, 

.'1 

.2 
30.8 
5.4 

15.4 
0.0 

38.5 
5.4 

13 
37 

McClintock, 1929 

Zi:a ITlrtVS L. 10 3x 
2x 
3x 

x 2x 
x 3x 
dele 

1.8 
66.3 
1.7 

12, 
2° 1 
6 

.0 

.4 

.0 

31.0 
4.9 
a . 7  

25.7 
0.8 
15.3 

29.6 
5.7 

68.3 

284 
246 
300 

Punyasingh, 1947 

i. vcooers icon esculentum 
Mill. 

12 3x X 2x 15-2 53. .0 21.2 3.0 7 . 6  66 Lesley, 1928 

i-»*t otmra i con esculentum 
Mill . 

12 3x X 2x 37-9 42 •7 16.4 0.9 2.0 799 Riclc and liarton, 1954 

Nicotiana svlvestris 12 3x X 2x 1.7 29 .3 3'».5 13.8 20.7 58 Goodgpeed and Avery, 1939 

Solanum tulerosa Bitt« 12 3x X 2x 17.7 44 .6 14.6 12.3 10.8 130 Vogt and Rowe, 1968 



Clarkia unguiculata (Vasek, 1956), Solanum chacoense 

(Hermsen, 1969), and Spinacea oleracea (Tabushi, 1958)* 

Triploids were induced with heat in Zea mays (Punyasingh, 

19^7)• Triploids were obtained in progeny of barley tri

somies at a frequency of 0.33% when trisomies Pale (tri-3) 

and Robust (tri-4) were pollinated with normal pollen 

(Tsuchiya, 1967)* Lesley (1928) attributed the production 

of triploids in tomatoes to the fusion of diploid and 

haploid gametes. The occurrence of triploids in sorghum 

(Sorghum bicolor L. Moench) was attributed to late pollina

tion which caused doubling of chromosomes in the egg 

followed by fertilization (Schertz and Stephens, 1965)* 

'San Marzano,1 a large fruited tomato (Lyeopersicon 

esculentum Mill.) and 'Red Cherry, a small-fruited, 

primitive tomato, had different frequencies of plants with 

similar chromosome numbers in the progeny of triploids. 

Red Cherry produced fewer diploids and single trisomies, 

and more double and triple trisomies than did San Marzano. 

In the progeny of multiple trisomies. Red Cherry produced 

more single and double trisomies. A heterogeneity chi-

square showed evidence of a significant difference in 

tolerance to extra chromosomes by Red Cherry. Fertility 

was reduced less and gross morphology was modified less in 

the primitive species. This tolerance was attributed to 

greater viability and plasticity of wild and primitive 

species (Rick and Notani, 196l). 
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Tetrasomics were reported in Datura (Blalceslee and 

Avery, 1938), Clarkia unguiculata (Vasek, 1956) Nicotiana 

tabacum (Clausen and Goodspeed, 1924), Nicotiana sylvestris 

(Goodspeed and Avery, 1939), and Hordeum vulgare (Tsuchiya, 

1967)• In Nicotiana sylvestris the tetrasomics were 

reported to be an exaggeration of the primary type in all 

morphological characters. A tetrasomic "Super-Enlarged" 

was reported in N. tabacum (Clausen and Goodspeed, 192*0. 

In 'Shin Ebisu No. 16 1 barley, tetrasomics were produced in 

the progeny of trisomies Robust (0.5%), Pseudo-normal (0.4%), 

and Semi-erect (5*9%)• No tetrasomics were reported in H. 

spontaneum (Tsuchiya, 1958). 

Differences in seed size were reported in the 

progeny of triploid plants. Smaller seed produced a higher 

frequency of aneuploids (Punyasingh, 19^7; Lesley, 1928; 

Lin and Ross, 1969a)• Trisomic and diploid progeny of 

trisomies in barley could be separated with an aspirator 

or seed blower. The lighter seed contained a high frequency 

of trisomies (Raraage and Day, i960). Small seed also gave 

a high frequency of trisomies and tetrasomics in Shin 

Ebisu No. 16 barley (Tsuchiya, 1967)* 

Collinsia heterophvlla trisomies could not be 

distinguished phenotypically (Garber, 1964). Because of 

variation in CI arkia un.guicul at a aneuploids could not be 

distinguished by external morphology (Vasek, 1963b). Price 

and Ross (1957) reported that extra chromosome number did 



not appear to be correlated with morphological character

istics or vigor in sorghum; however, Lin and Ross (1969a) 

reported that sorghum trisomies could be identified pheno-

typically. Smith (19^1) and Kerber (195^) could not dis

tinguish trisomies in barley. Kerber attributed this to 

highly heterozygous material. Tsuchiya (1958, 1967) was 

able to identify all seven trisomies in H. spontaneum and 

'Shin Ebisu No. 16. • He named the trisomies Bush, Slender, 

Pale, Robust, Pseudonormal, Purple, and Semierect based on 

phenotypes. Eslick and Ramage (19&9) reported a trisomic 

series in Betzes which was identified phenotypically. 

Differences between trisomies, diploids, and between the 

7 trisomic types were observed in barley when seed proteins 

were analyzed by disc electrophoresis. Differences were 

attributed to dosage effects, novel proteins, and suppres

sion of proteins (McDaniel and Ramage, 1 9 7 0 ) .  

Tsuchiya (1961) identified the chromosomes involved 

in the 7 trisomies by Burnham's interchange testers. He 

also identified 3 trisomies by karyotype analysis. Bush 

contained an extra chromosome 1, Slender had an extra 

chromosome 2, Pale an extra chromosome 3, Robust an extra 

chromosome 4, Pseudonormal an extra chromosome 5, Purple an 

extra chromosome 6, and Semierect an extra chromosome 7« 

The same results were obtained by genetic analysis. 

Rick and Barton (195^) obtained little or no rela

tionship between phenotype of trisomies and genes of major 
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effect located on the respective chromosome. Trisomies for 

chromosome D in tomato affect fruit size but none of the 3 

gene pairs that determine fruit size are located on this 

chromosome (Lesley, 1932). Change in phenotype was 

attributed to genie unbalance in Antirrhinum ma,jus (Sampson, 

Hunter, and Bradley, 1961) and Lotus pedunculatus (Chen and 

Grant, 1968). 

The maximum number of double trisomies is dependent 

on the haploid chromosome number of the species. Datura 

stramonium has a haploid chromosome number of 12 and a 

maximum number of 66 double trisomic combinations (Blakes-

lee, 1922). Double trisomies have been identified by 

morphological characteristics that are similar to the 

respective primary trisomies in the following species: 

Datura (Blakeslee and Belling, 1924), Nicotiana sylvestris 

(Goodspeed and Avery, 1939) , Lycopersicon esculentum 

(Lesley, 1928; Rick and Barton, 195*0, Sorghum bicolor 

(Lin and Ross, 1969a), and Matthiola incana (Frost, 1927)* 

Ten double trisomic combinations were identified in 

Nicotiana sylvestris (Goodspeed and Avery, 1939), and 7 

combinations were identified in Sorghum bicolor (Lin and 

Ross, 1969a). 

Certain double trisomies in tomato were more ab

normal than triple trisomies (Lesley, 1928). Double tri

somies were reported to be small and weak in Matthiola 

incana (Frost, 1927) and highly sterile in rye (Secale 



cereale L.) (Kamanoi and Jenkins, 1962). One doable tri-

somic in maize (Zea mays L.) had a continuous Plasmodium 

in the anther that was also observed in one of the primary 

trisomies (McClintock, 1929)• Tumors were formed on the 

ovaries of plants trisomic for chromosome 9 and double tri-

somic for chromosomes 8 and 9* Lin and Ross (1969b) 

attributed the occurrence of tumors in sorghum trisomies 

to phytohormonal imbalance of genes due to the extra chromo

some. 

The optimum expected ratio in selfed progeny of 

double trisomies are 1 diploid :1 double trisomic :1 type ji 

trisomic:l type Id trisomic. Blakeslee and Avery (1938) 

numbered each chromosome arm; i.e., 1.2 refers to chromo

some 1. In Datura. double trisomies for chromosomes 5*6 

and 9.10 produced a 6:1:2:2 ratio; chromosomes 5«6 and 21.22 

produced an l8:l:5s5 ratio; and chromosomes 15«l6 and 23*24 

produced a 10:1:4:4 ratio (Blakeslee and Avery, 1938). 

Nicotiana svlvestris (Goodspeed and Avery, 1939) and 

Matthiola incana (Frost, 1927) double trisomies also pro

duced diploids, 2 primary trisomic types, and the double 

trisomic among the progeny. Matthiola incana double tri

somies produced occasional plants with more than 2 extra 

chromosomes and plants with chromosome fragments. Double 

trisomies in rye produced 15*3% trisomies in the progeny 

(Kamanoi and Jenkins, 1962). Selfed aneuploids of sorghum 

were highly sterile but had abundant seed set when 
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pollinated with normal pollen (Price and Ross, 1955)* 

Double trisomies in barley were reported to be 23*7% 

fertile (Kerber, 195^)• Environment caused variation in 

fertility of double trisomies (Tsuchiya, i960). Primary 

trisomic progeny of double and triple trisomies consisted 

of 5.6% trisomies for chromosome 1, 11.1% trisomies for 

chromosome 7, and 16.7% trisomies for each of the other 5 

chromosomes (Tsuchiya, 1958)* Transmission behavior of 

primary trisomies was not greatly changed by the addition 

of another chromosome in Nicotiana sylvestris (Goodspeed 

and Avery, 1939) • The second extra chromosome in a double 

trisomic appeared to decrease the rate of unrelated tri

somic progeny that was observed in single trisomies 

(Blakeslee and Avery, 1938). 

Extra chromosomes in CIarki a unguic ulat a behaved as 

supernumerary chromosomes (Vasek, 1963a)• '^-n single 

trisomies, 29% of the extra chromosomes were eliminated 

and in multiple trisomies 9-16% of the extra chromosomes 

were eliminated. This difference was attributed to a 

threshold effect. The frequency of trivalents increased 

with increase in chromosome number. 

Male transmission of the extra chromosome occurred 

in trisomies of Nicotiana sylvestris (Goodspeed and Avery, 

1939)• Two trisomies in tomato transmitted the extra 

chromosome through the pollen (Lesley, 1928). No pollen 

transmission of the extra chromosome was reported in diploid 



X trisomic crosses of Hordeum spontaneum and Shin Ebisu No. 

16 (Tsuchiya, 1958, 1967). Differences between reciprocal 

crosses were attributed to pollen tube selection in maize 

(Punyasingh, 19^7)• In Datura. non-transmission of extra 

chromosomes in pollen was attributed to non-germination of 

n + 1 pollen, cessation of growth with swelling, and 

bursting of n + 1 pollen tubes within the style, slow 

growth of n + 1 pollen tubes, and combinations of the above. 

The mode of action depended on the trisomic. The pollen 

tubes that grew at a slow rate grew at 1/3 to 3/^ the rate 

of n tubes (Bucholz and Blakeslee, 1932). 

Chimeras due to the loss of chromosomes were 

reported in spinach (Ellis and Janick, 1959) and Beta 

vulgaris (Kaltsikes and Evans, 1967)* In spinach the loss 

was usually in the roots. 

McClintock (1929) reported that double trisomies in 

maize (N = 10) had lagging chromosomes, 11-11 and 12-10 
» 

disjunctions at meiosis. Random segregation of chromosomes 

occurred in Loliutn perenne trisomies (Myers, 19^) • 

Nicotiana tabacum trisomies produced a high frequency of 

24-26 divisions (East, 1933). A positive correlation 

between chromosome length and trivalent formation was re

ported in tomato (Rick and Barton, 195*0 • In the female 

gametophyte of maize, a positive correlation between 

chromosome length and transmission was observed (Einset, 

19^3). Such a correlation was not reported in Verbena 



trisomies, but trisomies did increase the number of 

chiasmata that were formed in the cells (Arora and Khoshoo, 

1969)* Michel and Burnham (1969) studied 13 combinations 

of double trisomies in maize with each chromosome repre

sented at least once. They observed pairing between 

heterologues at a high frequency. At diakinesis, pairing 

ranged from 0,k% for double trisomic 8,9 to 5*8% for 

double trisomic 3,6. Pairing of heterologues was also 

reported in sorghum (Venkateswarlu and Reddi, 1968). 



EXPERIMENTAL PROCEDURE 

Plants were selected on the basis of partial 

sterility from a field of Betzes barley (C.I. 6398) at 

Bozeman, Montana, in the summer of 1968. The number of 

florets and seed per head were determined and per cent 

fertility was calculated. Seed from plants having 35% or 

less fertility and at least 5 seed per plant were planted 

in the greenhouse in the winter of 1969-1970. Chromosome 

numbers of plants were determined by examining micro-

sporocytes that were fixed in a 3'.1 solution of 95% 

ethanol:glacial acetic acid and stained using the aceto-

carmine smear technique. Double trisomies were selected 

from the progeny of plants segregating for aneuploidy. 

Germination and days to emergence were recorded for 

all plants. Seedling leaves (second true leaf) and mature 

leaves (leaf below the flag leaf) were measured for width 

at the widest point and length of the blade when the blade 

had completely emerged. The leaf index was calculated by 

dividing the length of the leaf by its width. The number 

of days from planting until collection of microsporocytes 

was used to determine growth rate. The number of nodes 

above ground, culm length, and culm diameter were measured 



on all double trisomies and a representative plant selected 

from the diploids and from each of the trisomic types. 

Double trisomies were crossed as female with normal Betzes 

to insure seed set. The average number of rachis inter-

nodes and the average length of the rachis of both selfed 

and crossed spikes were determined by measuring 5 spikes 

per plant. The number of selfed and crossed seed were 

counted. Rachis internode length was calculated by divid

ing the length of the rachis by the number of rachis inter-

nodes . 

Seed from the double trisomies were planted in the 

greenhouse from September 18, 1970, to February 4, 1971» 

Fifty seed, or all the seed that was available, were 

weighed individually and planted in pots. If both selfed 

and crossed seed were available, both types of seed were 

planted. Seedling leaves were measured in the same manner 

as in the previous year. When more than 25 plants were 

obtained from one double trisomic, plants that had differ

ing leaf characteristics were selected and measured. At 

least 2 plants per row of 5 pots were measured. If there 

were less than 25 plants, all plants were measured. All 

plants were examined cytologically to determine chromosome 

number because some of the plants contained fragments and 

they could not be distinguished from normal plants. After 

plants were analyzed for chromosome number, 2 diploid, 2 of 

each primary trisomic, and all of the double trisomic 



progeny from each double trisomic plant were measured for 

mature leaf, culm, and spike measurements as in the previ

ous year. Two instead of 5 spikes were measured. Fertility 

was calculated by counting the number of seed on two spikes 

and dividing by the total rachis internode number. 

The extra chromosomes in the double trisomies were 

identified by the trisomic segregation in the progeny. Data 

from double trisomies were combined if the same chromosomes 

were involved. The expected segregation for .double tri

somies was calculated from the frequency of trisomic pro

geny. The frequency of each trisomic type and the frequency 

of the double trisomic progeny were added to determine the 

frequency of transmission of each chromosome. The following 

formula was used to calculate the expected frequencies: 

(1-a)(1-b) + a(l-b) + b(l-a) + ab = 1 

where (l-a) = frequency of plants lacking chromosome a; 

(l-b) = frequency of plants lacking chromosome b; a = 

frequency of plants containing chromosome a; and b= 

frequency of plants containing chromosome b. The expected 

frequency of each class was multiplied by the number of 

progeny to obtain the expected number of plants. 

Trisomies were identified by the arabic number of 

the extra chromosome rather than by names given trisomies 

by Tsuchiya (1958, 1967). This facilitated the classifica

tion of double trisomies. 



RESULTS 

One hundred eighty-nine partially sterile plants 

were collected in Montana in 1968. Sixty-two of the 108 

partially sterile plants that were tested segregated for 

aneuploids. Seventy-five per cent of the seed segregating 

for aneuploidy germinated and 9k.5% of the progeny sur

vived to produce microsporocytes. Data are summarized in 

Table 2 for types of aneuploidy from the 62 plants and the 

frequency of each chromosome number. Trisomies occurred 

at the highest frequency, followed by double trisomies and 

diploids. The 7 primary trisomies did not deviate signif

icantly from a random distribution. Thirty-four of the 50 

double trisomies produced sufficient seed to determine the 

extra chromosomes involved. Thirteen double trisomic 

types were identified and are listed in Table 2 along with 

their frequency. Four double trisomies produced only one 

type of trisomic in their progeny and seven double tri

somies did not produce any trisomic progeny. One plant was 

classified as a double trisomic but it segregated for 3 

trisomic types. Since very few trisomies were trans

mitted by this plant, it was difficult to determine if one 

of the 3 trisomies was produced spontaneously or if the 

plant was actually a triple trisomic. Seed from k of the 

double trisomies were not planted due to lack of space and 

18 
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Table 2. The distribution and frequency of aneuploids in 
the progeny of partially sterile plants segre
gating for aneuploidy. 

Number of Number of % of % of 
chromosomes plants population trisomies 

1 4 ( 7 1 1 )  2 3  1 0 . 7  
1 5  8 7  4 o . 6  

tri-1 14 6 . 5  16.1 
2  9  4 . 2  10.3 
3  1 1  5 . 1  12.6 
4  1 1  5 - 1  12.6 

5  1 0  4 . 7  11.5 
6  l 4  6 . 5  16.1 
7  18 8 . 4  20.7 

1 6  5 0  2 3 . 4  
d. tri-1, 4 l  0 . 5  2.0 

1,6 1  0 . 5  2.0 
2 , 4  1 - 9  8 . 0  
2 , 5  1  0 . 5  2.0 
3 , 4  l  0 . 5  2.0 
3 , 5  l  0 . 5  2 . 0  
3 , 6  1 - 9  8 . 0  
3 , 7  l  0 . 5  2 . 0  
4 , 5  7  3 - 3  1 4 . 0  
4 , 6  4  1 . 9  8 . 0  
4 , 7  2 0 . 9  4 .0 
5 , 6  3  1 . 4  6 . 0  
6 , 7  4  1 . 9  8 . 0  
5 , ?  1  0 . 5  2 . 0  
6 , ?  2  0 . 9  4 . 0  
7 ,  •  1  0 . 5  2 . 0  

not id. 1 2  5 - 6  2 4 . 0  
1 7  9  4 .2 
1 8  4  1 - 9  
1 9  2  0 . 9  
2 0  4  1 - 9  
2 1  1  0.5 
2 3  1  0.5 
2 4  1  0 . 5  
2 5  2  0 . 9  
2 6  1  0 . 5  
15+frag. 4 1 . 9  
l 6 +frag. 2 0 . 9  
not ident. 2 3  10.7 
Total 2 1 4  1 0 0 . 0  
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time. Only the "}k plants in which both chromosomes were 

identified are included in Table 3« The distribution of 

plants that were identified is not random and had a chi-

square probability value of less than .005. 

Table 3« Frequency with which each chromosome was 
involved in double trisomies. 

Chromosome 1 2 3  k 5 6 7 Total 

no. d. tri. 
°/o 

2 5 7 
2.9 7 • 4 10.3 

19 
28.0 

12 
17.6 

16 
23-5 

7 
10.3 

68 
100.0 

The distribution of progeny from self- and cross-

pollination of 13 double trisomic types are given in Table 

k. On the average, diploids occurred at a frequency of 

59»1%, primary trisomies occurred at a frequency of 36.5%, 

and double trisomies occurred at a frequency of 3*5%» 

Plants having either 23 chromosomes or chromosome fragments 

were produced 0.k% of the time. A plant with 19 chromo

somes was produced with a frequency of 0.1%. Diploids were 

produced at a k% higher frequency in the selfed seed of 

double trisomies. Frequencies of diploids in progeny of 

double trisomies ranged from 3^.6% in crossed seed of 

double trisomic 1,6 to 8l.8% for selfed seed of double tri

somic 6,7. Double trisomic 3,6 had a high frequency of 
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Table 4. Percentage of diploid, primary trisomic, double 
trisomic, and other progeny from each double 
trisomic. 

d .  tri. 
a,b Cross 7 1 1  

tri-
a 

tri-
b 

d . tri. 
a,b Other 

Total 
plants 

1 , 4  self 
X Betzes 3 4 . 6  3 8 . 5  2 3 . 1  0 . 0  3  . 8 a  

0  
26 

1,6 self 
X Betzes 69.2 1 5 . 4  1 5 . 4  0 . 0  0 . 0  

0  
1 3  

2 , 4  self 
X Betzes 

6 7 - 7  
6 0 . 6  

1 9 - 4  
18. 3 

1 2 . 9  
1 7 . 3  

0 . 0  
3 - 8  

0 . 0  
0 . 0  

3 1  
i o 4  

2 , 5  self 
X Betzes 

5 0 . 0  
60.0 

1 0 . 0  
1 0 . 0  

30.0 
30.0 

1 0 . 0  
0 . 0  

0 . 0  
0 . 0  

10 
10 

3 , 4  self 
X Betzes 

5 0 . 0  
4 3 - 5  

2 9 . 2  
8 . 7  

1 6 . 7  
3 9 - 1  

4 . 2  
4 . 3  

0 . 0  
4 . 3 a  

2 4  
2 3  

3 , 5  self 
X Betzes 6 9 - 7  6 . 1  2 1 . 2  0 . 0  3 . 0 b  

0  
3 3  

3 , 6  self 

X Betzes 

6 7 - 0  

7 3 - 0  

1 6 . 5  

1 2 . 4  

1 4 . 7  

1 1 . 2  

0 . 0  

3 . 4  

0 .  9 a  

0 . 9 °  
0 . 0  

1 0 9  

8 9  

3 , 7  self 
X Betzes 

5 7 - 1  
6 8 . 6  

1 4 . 3  
1 4 . 3  

1 4 . 3  
1 4 . 3  

0 . 0  
0 . 0  

1 4 .  3 d  

2  •  8 a  
7  

3 5  

4 , 5  self 
X Betzes 

6 8 . 0  
5 3 - 0  

16. 0  
2 1 . 5  

1 2 . 0  
2 0  . 5  

0 . 0  
3.6 

4 . o e  

°'5f 
0.51 

0.5s 

2 5  
2 1 9  

4 , 6  s elf 
X Betzes 

5 4 . 8  
4 8 . 7  

18. 3 
26.3 

1 9 . 2  
1 4 . 5  

5.8 
9.2 

X*9c 
1. 3  

1 0 4  
7 6  

4 , 7  self 
X Betzes 61.1 1 9 . 4  1 5 . 3  1 . 4  2 . 8 a  

0  
72 

5 , 6  self 
X Betzes 

5 4 . 5  
38.1 

1 8 . 2  
3 3 - 3  

1 8 . 2  
2 3 . 8  

6 . 8  
4 . 8  

2 . 3 a  

0 . 0  
4 4  
2 1  



Table 4.—Continued 
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d. tri. tri- tri- d. tri. Total 
 ,b Cross 7H a b a,b Other plants 

 ,7 self 81.8 13.6 4.5 0.0 0.0 22 
X Betzes 57*5 15.0 17*5 7*5 2.5° 4o 

aPlant died. 

Nineteen chromosomes. 

STri-7. 



diploids in both selfed and crossed progeny. Double tri

somies 2,3; 5,6; and 4,6 had low frequencies of diploids 

in selfed and crossed progeny. 

Table 5 gives the observed and expected number of 

progeny for each double trisomic. When considered on the 

basis of total population, diploids and double trisomies were 

produced at a lower frequency than expected and primary tri

somies were produced at a higher frequency. Double trisomic 

6,7 is the only double trisomic that produced more double 

trisomies than expected but this was not statistically sig

nificant. Double trisomies 1,6; 2,5; 3,5; and 4,6 were 

equal to the expected frequency. Only double trisomies 1,4 

and 4,5 differed significantly from the expected ratio. 

Differences in days to emergence between diploids, 

primary trisomies, and double trisomies are shown in Table 

6. Diploids emerged faster than primary trisomies and 

primary trisomies emerged faster than double trisomies. 

Plants also emerged less rapidly on the November 27 plant

ing than on the earlier planting dates. The slower emerg

ence on the last planting date was probably due to the 

cooler temperatures in the greenhouse at that time of the 

year. 

Differences in time from planting to collecting of 

microsporocytes for cytology were also observed between 

diploids, primary trisomies, and double trisomies. The 

results are given in Table 7« As chromosome number 
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Table 5* Observed and expected trisomic segregations of  
double tr isomic progeny.  

d.  tri. 
a ,b 711 tri-a tri-b 

tri-
a ,b Total 

Chi-a 

square 

1,4 obs . 9 10 6 0 25 5.27 
exp. 11.4 7.6 3.6 2.4 

1,6 obs . 9 2 2 0 13 0.43 
exp. 9-3 1 , 7  1.7 0.3 

2,4 obs . 84 25 22 4 135 0.66 
exp. 85-5 23.5 20.5 5.5 

2,5 obs . 11 2 6 1 20 0.00 
exp. 11.0 2.0 6.0 1.0 

3,4 obs . 22 9 13 2 46 1.37 
exp. 23.6 7.4 11.4 3.6 

3,5 obs . 23 2 7 0 32 0.63 
exp. 23-5 1.5 6.6 0.4 

3,6 obs . 138 29 26 3 196 0.25 
exp. 139.8 27.2 24.3 4.7 

3,7 obs . 28 6 6 0 4o 1.21 
exp. 28.9 5-1 5-1 0.9 

4,5 obs . 133 51 48 8 240 4.09 
exp. 138.7 45.4 42.2 13-7 

4,6 obs . 94 39 31 13 177 0.00 
exp. 94.2 38.9 31.0 12.9 

4,7 obs . 44 14 11 1 70 1.51 
exp. 45.6 12.4 9-4 2.6 

5,6 obs . 32 15 13 4 64 0.42 
exp. 33-0 13-9 12.0 5.1 

6,7 obs . 4l 9 8 3 61 0.53 
exp. 4o. l 9-9 8.8 2.1 

Total obs . 668 206 206 39 1119 8.83 
progeny exp. 682.6 191.3 191.3 53-7 

aOne degree of  freedom. 
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Table 6. Days from planting to, emergence for diploids, 
primary trisomies, and double trisomies on three 
different planting dates in 1969. 

10/23 11/11 H/27 

No. 
- plants 

No. 
days 

No. 
plants 

No. 
days 

No. 
plants 

No. 
days 

7H 3 5-0 8 5.4 11 6.2 

p. tri. 24 6.4 30 6.4 27 6.9 

d. tri. l6 7.2 14 7.0 4 

00 

•
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Table 7* Days from planting to collecting of micro-
sporocytes of diploids, primary trisomies, and 
double trisomies planted on three different 
planting dates. 

1 0 / 2 3  11/11 1 1 / 2 7  

No. No. No. No. No. No. 
plants days plants days plants days 

7 H  3  6 1 . 7  9  5 2 . 9  1 2  5 9 - 1  

Primary trisomies 

1  4  88.3 6  7 1 - 3  4  7 3 - 0  
2  2  8 4 . 5  2  68.0 5  7 9 . 4  
3  2  7 1 . 0  5  62.0 4  6 6 . 5  
4  2  9 4 . 5  5  71.8 3  7 4 . 3  
5  4  87.2 3  62.3  3  7 5 . 0  
6  6  8 1 . 8  4  6 4 . 5  3  65.0 
7  5  7 5 . 2  6  63.2 7  7 5 - 6  

Double trisomies 

1 , 4  0  _ 1  7 5 . 0  0  
1 , 6  1  1 0 9 . 0  0  0  
2 , 4  2 1 1 0 . 0  0  2  9 3 - 0  
2 , 5  0  0  1  96.0 
3 , 4  1  91.0 0  0  
3 , 5  1  96.0 0  0  
3 , 6  1  89.0 3  65.0 0  
3 , 7  0  1  9 0 . 0  0  
4 , 5  2 n 4 . o  4  80.0 1  9 3 - 0  
4 , 6  3  112.0 1  9 3 . 0  0  
4 , 7  1  116.0 1  7 5 . 0  0  
5 , 6  2 106.0 1  78.0 0  
6 , 7  2 106.0 2 76.0 0  _ _ _ _ 



increased, plant growth became slower; however, there is 

variation within primary trisomies and double trisomies. 

Different planting dates had an effect on rate of growth. 

Plants that were planted on November 11 grew much fastei* 

than those planted on the earlier and later dates. There 

was also an interaction between extra chromosomes and 

planting date. There is a greater difference between plant 

ing dates among the double trisomies than there is on the 

diploids. This would indicate a greater sensitivity of 

trisomies to environmental fluctuation. 

Table 8 contains the seedling leaf measurements of 

diploid, primary trisomic , and double trisomic plants that 

were progeny of partially sterile plants that segregated 

for aneuploidy and progeny of double trisomies. Seed from 

plants segregating for aneuploidy were planted in 19&9 anc* 

seed from double trisomies were planted in 1970. With the 

exception of tri-'i, the seedling leaves were wider in the 

first year. On the average, leaves were also longer. The 

leaf index for diploids and primary trisomies was about 

equal in both years. As the number of chromosomes in

creased, seedling leaf width and length decreased. There 

is not much change in leaf index between diploids and most 

extra chromosome types indicating that the percentage of 

reduction in leaf width due to the extra chromosomes is 

usually equal to the percentage reduction in length. 
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Table 8. Width, length, and leaf index of the seedling 
leaf of diploids, primary trisomies, and double 
trisomies planted in 1969 and 1970• 

1969 1970 

No. 
Width 
mm. 

Length 
mm. Index No. 

Width 
mm. 

Length 
mm. Indes 

711 24 8.2 177 21.6 349 6.9 148 21.5 

p* tri. 

1 14 5-0 156 31.2 12 4.7 148 31.8 
2 9 5.3 149 28.1 27 4.7 133 28.0 
3 11 5-9 132 22.4 39 6.4 132 20.7 
4 11 7-7 149 19.3 123 6.6 127 19.3 
5 10 5-9 112 19.0 72 5.1 102 19.9 
6 13 7-5 134 17.8 61 7-2 142 19.7 
7 18 6.6 145 22.0 19 5.6 124 22.2 

d. tri. 

1,4 1 5.0 131 26.2 0 _ _ — — _ _ _ _ 
1,6 1 4.0 109 27.2 0 
2,4 k 4.5 106 23 .6 4 3.8 102 27.2 
2,5 1 5-0 115 23.0 1 3.0 64 21.3 
3,4 1 7.0 108 15.4 2 6.5 119 18. 3 
3,5 1 k.o 64 16.0 0 
3,6 k 6.5 115 17.7 3 5-0 90 18.0 
3,7 1 6.0 131 21.8 0 
4,5 7 5-7 97 17.0 8 4.6 87 18.8 
4,6 k 7.5 108 14.3 9 5.9 105 17.8 
4,7 2 6.0 112 18.8 0 
5,6 3 6.0 100 16.7 4 5-0 102 20. 3 
6,7 k 5-5 107 19-4 1 4.0 76 19.0 
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Mature leaf measurements are given in Table 9« In 

the first year leaves decreased in width and length with 

the addition of extra chromosomes. In the second year, the 

diploid leaves were not as wide or long as some of the tri

somies. This may have been due to differences in handling 

the plants. The diploids were not transplanted and they 

were crowded together because of lack of space. Mature 

leaves "Df trisomies were wider and longer in 19^9 with the 

exception of tri-1. Changes in environment, such as 

planting in smaller pots in 1970, could produce such an 

effect. Indices were not as close between years on the 

mature leaves as they were on seedling leaves but indices 

on seedling leaves are similar to those on mature leaves. 

Culm characteristics are summarized in Table 10. 

Culm diameter was variable and was dependent on plant 

growth conditions. If the internode lengthened consider

ably the culm was thinner than if the internode lengthened 

to a lesser degree. Culm length was reduced by the addi

tion of extra chromosomes but there was variation within 

each type of trisomic depending on which chromosomes were 

involved. 

Spike measurements are reported in Table 11. Length 

of rachis is dependent on 2 factors: the number of rachis 

internodes and, rachis internode length. Variations in 

both of these factors were observed in aneuploids depend

ing on the trisomic involved. Spike fertility decreased 
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Width, length, and leaf index of mature leaves of 
diploids, primary trisomies, and double trisomies 
that were planted in 19&9 and 1970. 

1 9 6 9  1 9 7 0  

Width Length Width Length 
mm. mm. Index No. mm. mm. Index 

i5« o  382 2 5 . 5  62 9 - 6  208 2 1 . 7  

7 . 4  256 3 ^ - 5  3  9 . 6  292 30.6 
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11.3 270 2 3 . 9  12 9 . 5  206 21.6 
16.3 308 18.9 3 4  l 4 . i  210 1 4 . 9  
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0  
A 

8 . 7  i4o 16.2 
0 
1  8.0 i4o H
 1

 
00

 I
 

•
 

1 
to

 
1 

7 . 0  172 2 4 . 6  0  
10.0 160 16.0 1  

n 
1 4 .0 242 

ON .
 i 

r-H
 

11.0 250 22.7 
U 
3 9 - 1  201 22.0 

11.0 198 18.0 0  — — 

15.2 194 12.7 6  12.0 168 i 4 . o  
i 4 . o  175 12.5 5  15.2 224 1 4 . 7  
i 4 . o  208 14:.9 0  
11.3 1 9 3  17.0 1  11.0 199 18.1 
11.0 203 18. 4  0  



Table 10. Number of nodes , stem diameter, and culm length of diploids, primary 
trisomies, and double trisomies that were planted in 1969 and 1970. 

1969 1970 

Culm Culm Culm Culm 
No. No. diam. length No. No. diam. length 
plants nodes mm. cm. plants nodes mm. cm. 

711 1 5.0 4.0 102.5 65 5.3 3.2 72.1 

P. tri . 
1 1 5-0 3-0 51.9 2 5.0 2.2 48.9 
2 1 5.0 3.0 86.4 9 5.5 2.4 69.2 
3 1 5.0 3.0 73.4 4 4.8 2.5 48.4 
4 1 6.0 4.0 76 .8 20 5.4 3.9 53.2 
5 1 5.0 2.0 72.0 24 4.7 2.4 48.2 
6 1 6.0 3.0 98.1 23 5.7 2.9 72.4 
7 1 4.0 3-5 70.7 12 4.4 3.0. 50.6 

d . tri • 

1,^ 1 5-0 3.0 29.8 0 — 

1,6 1 8.0 2.0 60.0 0 
2,4 4 7.2 3-0 56.4 1 6.0 2.0 34.2 
2,5 i 1 6.0 2.0 55.8 0 
3,4 1 5.0 3-0 56.3 1 5-0 3.0 56.8 
3,5 1 5.0 2.0 35.2 0 — -

3,6 4 5.0 3.2 80 .8 3 5-3 2.7 67.4 
3,7 l 4.0 3-0 48.4 0 — —  —  

4*5 7 4.6 3-4 37.6 7 4.9 2.4 29.0 
4,6 4 6.0 3-2 67.5 9 5-8 3.4 65.4 
*,7 2 4.5 3-0 37-6 1 6.0 3.5 21.0 
5,6 3 6.0 2.7 57.5 3 6.0 1.8 48.7 
6,7 3 4.7 2.3 51.4 1 4.5 2.5 33-8 



Table 11. Rachis length and rachis internode number and length of diploids, 
primary trisomies, and double trisomies in 19&9 and 1970. 

1969 1970 

°/o 

seed" 
set 

No. 
plants 

Rachis 
length 
mm. 

Rachis 
internode 

No. 
plants 

Rachis 
length 
mm. 

Rachis 
int ernode 

°/o 

seed" 
set 

No. 
plants 

Rachis 
length 
mm. No. 

Length 
nun. 

No. 
plants 

Rachis 
length 
mm. No. 

Length 
mm. 

°/o 

seed" 
set 

711 1 69 21 3-3 65 79 27 3.0 94.6 

p. tri • 
1 1 61 17 3-7 2 40 10 4.0 24.2 
2 1 69 19 3-6 9 84 25 3.4 40.4 
3 1 43 19 2-3 4 61 23 2.6 34.0 
4 1 90 27 3.4 20 97 29 3-3 58.8 
5 1 50 19 2.6 24 62 24 2.6 35.6 
6 1 60 20 3-0 23 58 20 2.9 56.3 
7 1 7^ 17 4.4 12 77 19 4.1 67.4 

d. tri • 
13 1 52 14 3-7 0 — — 

1,6 1 31 9 3-2 0 — — 

2,4 4 70 21 3.3 1 76 25 3.0 6.0 
2,5 1 75 25 3.0 0 — — 

33 1 68 23 3-0 1 71 22 3-2 26.7 
3,5 1 46 22 2.1 0 - - — . 
3,6 4 64 20 2.9 3 55 19 2.9 7.5 
3,7 l ^9 13 3.7 0 — — 

4,5 7 83 27 3.0 7 60 22 2.7 3.0 
4,6 4 64 20 3.2 9 85 26 3.3 29.1 
4,7 2 64 14 4.5 1 — — — 

5,6 3 43 • 17 2.6 3 51 21 2.4 2.1 
O 4 39 9 4.5 1 48 10 4.5 66.7 



with an increase in chromosome number but variation was 

observed depending on the chromosome involved. There were 

also differences between years and within years. Tri-6 

ranged from no seed set to almost complete seed set 

depending on time of planting and position in the green

house. This type of variation was observed in all tri

somies. In 1970, diploids had 95% seed set, primary tri

somies had 2.k% to 67% seed set, and double trisomies 

usually had less than 10% seed set when selfed. Many 

double trisomies were self-sterile but set seed when 

crossed with normal pollen. Some double trisomies set 

little seed when either crossed or selfed. It appeared 

that as chromosome number increased, environmental factors 

were more critical for seed set. 

Seed weight decreased with an increase in chromo

some number but there was variation within primary tri

somies and double trisomies. Seed weights are given in 

Table 12. In the double trisomies, the crossed seed 

usually weighed from 65% to 86% as much as the selfed seed 

This was due to clipping the lemma and palea and removing 

some photosynthetic surfaces used in seed development. 

Seed that produced diploids were heavier than seed that 

produced primary trisomies. Seed that produced trisomies 

were heavier than seed that produced double trisomies 

(Table 13)« This was true in both selfed and crossed seed 
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Table 12. Weight of seed produced by diploid, primary 
trisomic, and crossed and selfed double trisomic 
plants in 1969* 

No. 
plants 

Selfed 
seed wt, 

mg. 

d. tri. X 711 Betzes 

Seed wt. 
mg. 

% of selfed 
seed weight 

711 51.6 

tri. 

1 
2 
3  
k 
5  
6 
7  

1 
1 
1 
1 
1 
1 
1 

k 6 . k  
3 5 - 1  
3 9 . 6  
4 2 . 8  
4 o  . 6  
5 3 - 1  
4 3 . 4  

d. tri. 

1 , 6  
2.4 
2 . 5  
3.4 
3 . 5  
3 . 6  
3 . 7  
^,5 
4 , 6  
^,7 
5 . 6  
6 . 7  

l 
l 
4  
l 
l 
l 
4  
1 
7  
4  
2 
3  
4  

2 0 . 3  
1 1 . 3  
3 0 . 5  

4 2 . 6  
2 9 . 9  
2 7 . 3  
3 2 . 7  

3 4 . 3  
3 7 . 1  

15*0 
16 .9 
13.2 
11.3 
21.6 
1 5 . 7  
3 5 - 7  
25.8 
15.2 
20.8 
16.9 
2 3 . 7  
30.3 

65.0 
100.0 
70.8 

83.8 
86.3 
5 5 . 7  
63.6 

6 9 - 1  
81.7 



Table 13• Weight of selfed and crossed seed from double trisomies that produced 
diploid, primary trisomic, double trisomic, and other aneuploid plants. 

Selfed seed Crossed seed 

Weight in mg. Weight in mg. 

d. tri. tri- tr i- tri- tri- tri- tri-
a ,b 711 a b a, b Other 711 a b a ,b Other 

1,6 18.0 1 8 . 4  1 7 . 9  
2 , 4  2 2 . 3  16.0 1 8 . 2  1 5 - 4  1 1 . 2  1 2 . 2  7 - 8  
2 , 5  t  1 5 . 1  1 8 . 2  1 6 . 7  11.0 1 5 - 1  8 . 6  7 . 0  
3 ,  4  r  3 4 . 5  2 7 . 0  2 8 . 6  2 0 . 5  2 8 . 4  20.6 . .  1 6 . 5  Ik.2 
3 , 5  i  1 7 . 7  1 4 . 6  1 4 . 4  — 1 1 . 9 °  
3 , 6  4 5 . 8  3 4 . 5  k0.7 36.8 a  3 9 . 1  2 5 - 7  30.5 17.3 
3 , 7  4 0 . 2  2 7 . 1  2 1 . 1  28. 4  1 9 . 0  23.2 — —  

4 , 5  2 9 . 5  1 8 . 8  2 5 - 7  38.8 d  1 9 . 4  1 5 - 1  1 4 .6 9.6 5 . 8 b  

1 6 . 9 a  

4 , 6  3 6 . 3  

0
 

•
 

CM 

3 0 . 9  2 5 - 7  17.8 C  23.8 1 9 . 2  1 9  •  8  15.3 2 4 . 2 a  , 2 0 . 5  1 3 - 8  1 6 . 8  9.7 
5 , 6  3 6 . 7  3 1 . 2  3 4 . 0  26 .7 2 9 . 0  2 2 . 4  23.8 18. 1  
6 , 7  3 9 - 7  3 1 . 1  2 5  . 4  3 4 . 9  2 1 . 9  3 2 . 0  1 5 . 8  2 1 .  2 a  

aTwenty-three chromosome plant. 

Nineteen chromosome plant. 

Q 
711 plus fragment. 

^7H jilus 2 fragments . 

ui 
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Germination rate and weight of non-germinating seed 

are given in Table l4 for each double trisomic. Non-

germinating seed were lighter than diploid and most primary 

trisomic seed. In selfed seed germination varied from 

98.6% for double trisomic 3,6 to ^3.5% for double trisomic 

2,5. There is a positive correlation between selfed seed 

weight and germination in all double trisomies except for 

double trisomies 5,6 and 6,7* In most cases there was 

twice as much non-germination in crossed seed. 
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Table l4. Germination rate and average weight of seed from 
double trisomies that did not germinate. 

Selfed seed Crossed seed 

Tot. % Non-ger. Tot. % Non-ger. 
no. germi- seed wt. no. germi- seed wt. 

d. tri. seed nation mg. seed nation mg. 

1,4 0 50 52.0 
1,6 0 24 54.2 15.4 
2,4 34 91.2 17.8 139 76.3 11.3 
2,5 23 43-5 8.1 15 66.7 9.9 
3,4 25 96.0 2k. 2 25 92.0 15.4 
3,5 0 47 76.6 13.4 
3,6 74 98.6 30.4 76 100.0 

3,7 9 77.8 14.2 4i 85.4 24.2 
4,5 27 92.6 21.7 303 73.3 10.7 
4,6 108 97-2 31.1 82 92.7 15.8 
4,7 0 49 63.3 13.5 
5,6 55 80.0 33-3 4l 51.2 22. 3 
6,7 27 8l .5 33-6 49 81.6 28 .8 



DISCUSSION 

Most triploids listed in Table 1 produced plants 

that were diploid, primary trisomic, or double trisomic 

at the highest frequency. An exception is Humnlus 

lupulus. Tsuchiya obtained trisomies at the highest 

frequency in both Hordeum spontaneum (Tsuchiya, 195&) 

and Shin Ebisu No. 16 (Tsuchiya, 1967)• The segregation 

in selfed II. spontaneum is similar to that reported in 

Table 2. This indicates that the plants segregating for 

aneuploidy were selfed triploids or near triploids. The 

high frequency of plants that were not identified was high 

due to the schedule in which they could be collected. 

Some plants did not produce microsporocytes and in others 

the proper stage of meiosis was missed. The plants that 

were not identified were not randomly distributed for 

chromosome number. No diploids or primary trisomies were 

included. Many double trisomies would not be included, 

especially the vigorous double trisomies. Some of the 

double trisomies that were not obtained or that occurred 

at a low frequency may have been represented in the plants 

that were not identified. The deviation from randomness 

for the 7 primary trisomies is not significant. These 

results are similar to those obtained by Tsuchiya (1967) 

in Shin Ebisu No. 16 but differ from results he obtained 
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in H. spontaneum (Tsuchiya, 1958) in which trisomic Pale 

(tri-3) occurred at a high frequency. 

In barley there are 21 different combinations of 

double trisomies that can be obtained. Thirteen of the 21 

combinations were identified leaving 8 combinations that 

.were not obtained. All but one of the 8 combinations that 

were not identified involved chromosomes 1 or 2. There 

were 7 double trisomies that did not produce any trisomic 

progeny. The distribution of double trisomies that were 

identified was not random as is shown in Table 3« These 

results differ from those reported by Tsuchiya (195&) in 

which he obtained almost an equal frequency of trisomic 

types in the progeny of double and triple trisomies. The 

differences reported here could be due to several factors. 

Since the double trisomies were identified by their pro

geny, the double trisomies that would not set seed, at 

least under these conditions, could not be identified. 

This occurred since there were 7 double trisomies that were 

not identified. Some double trisomies may not produce 

microsporocytes or may die at an early stage of development 

and would be included in the 23 plants that were not 

identified for chromosome number. Variation in double 

trisomic frequency may be due to reduced germination of 

some double trisomic combinations since there was a high 

rate of non-germination. With some combinations of 2 extra 

chromosomes, the failure of eggs to develop after meiosis 



or the failure of embryos to develop after fertilization 

may also occur since the partially sterile plants segrega

ting for aneuploidy were highly sterile. Many.combinations 

of double trisomies contained one double trisomic. The 

expected number of double trisomies in each combination, 

calculated from the total number of double trisomies, is 

only 2.4 plants. Some combinations may not have been 

obtained due to chance since the population of double tri

somies was low for 21 combinations. 

Double trisomies in Betzes produced 59*1% diploids, 

36.5% primary trisomies, and 3*5% double trisomies. Varia

tion between double trisomies was observed. Double tri

somies 1,4; 3,4; 4,6; and 5,6 had lower frequencies of 

diploid progeny than the average and double trisomies 3,4; 

4,6; and 5,6 had higher frequencies of double trisomic pro

geny than the average. Double trisomic 3,6 had a higher 

frequency of diploids and a lower frequency of double 

trisomies than the average. Differences in frequencies of 

chromosome transmission may be due to differential loss of 

chromosomes during meiosis, preferential selection of the 

megaspore with 7 chromosomes, higher mortality of eggs 

containing extra chromosomes, higher proportions of aneu-

ploids in seed that do not germinate, or combinations of 

the above. 

The frequencies of diploids and double trisomies 

were lower than expected and the frequencies of primary 



trisomies were higher than expected when calculated from 

transmission of extra chromosomes. Double trisomies 1,6; 

2,4; 2,5; 3,5; 3,6; 4,6; 5,6; and 6,7 deviated very little 

from expected. With the exception of double trisomic 6,7, 

the frequency of double trisomies was equal to or less than 

the expected frequency. Double trisomies 1,4 and 4,5 had 

a larger number of primary trisomies than expected and a 

lower number of diploids and double trisomies. Both of 

these had a probability of less than .05 of being equal to 

the expected frequency. Much of the variation seems to be 

due to the low frequency of double trisomies. The expected 

frequency of each chromosome was calculated by adding the 

frequency of the primary trisomic and double trisomic. The 

expected frequency of each extra chromosome may be reduced 

to a lower frequency by the loss of some of the extra 

chromosomal types . This would give a higher expected value 

for the diploid types. As an example, the frequencies of 

the total population in Table 5 are used. If the observed 

number of double trisomies was 65 rather than 39 and the 

total population was 1145, the expected and observed values 

would be almost equal. The observed number of primary tri

somies may be lower than they should be due to lower ger

mination but not to the same degree as double trisomies. 

Since seed producing double trisomies is lighter than seed 

producing diploids, double trisomies would be present at 

the highest frequency in the lighter, non-germinating seed. 



Zygotes developing into double trisomies may abort at a 

higher frequency than primary trisomies and diploids. It 

would be difficult to make any assumptions from these data 

on abnormalities occurring at meiosis because there are too 

many other factors that occur later that also affect tri-

somic frequency. 

Seed producing diploid plants were usually heavier 

than seed producing primary trisomies and seed producing 

primary trisomies were heavier than seed producing double 

trisomies. Exceptions were double trisomic 1,6 and selfed 

double trisomic 2,5« One seed producing a 19 chromosome 

plant was lighter than seed producing double trisomies. 

Seed that did not germinate was usually about as heavy as 

seed producing trisomies. Seed producing 23 chromosome 

plants usually weighed less than seed producing diploids 

and more than seed producing primary trisomies. 

Chromosome 1 

Chromosome 1 was identified as an extra chromosome 

in only 2 double trisomies, double trisomic 1,4 and double 

trisomic 1,6. A third double trisomic had chromosome 6 as 

one of the extra chromosomes and a phenotype resembling 

double trisomic 1,6 although chromosome 1 was not identi

fied. Chromosome 1 appeared to be involved in at least 

three double trisomies that did not produce trisomic 



43 

progeny since one of the plants produced a tri-1 tiller. 

There were 3 plants with a similar phenotype. 

Tri-1 plants had narrow leaves in the seedling and 

mature stages that were dark green in color. Mature leaves 

had a rough surface. The leaves of the primary trisomies 

for chromosome 1 were usually the longest and they had the 

highest leaf index of all the trisomies. In both H. 

spontaneum (Tsuchiya, 195^) and Shin Ebisu No. l6 (Tsuchiya, 

1967) the highest index was reported on tri-2. Tri-1 plants 

were the shortest trisomies. This is in agreement with the 

results of Tsuchiya (1958, 1967)* They had about the same 

number of nodes as the diploid. Culm diameter was smaller 

than the diploid. Tri-1 plants had a short spike with a 

low number of rachis internodes but the rachis internodes 

were long. H. spont aneum tri-1 plants had a short rachis 

also. Tri-1 plants had the lowest seed set among the tri

somies and the seed was lighter than seed produced by 

diploids. 

Both double trisomies involving chromosome 1 had a 

narrow leaf in the seedling stage but the leaf length of 

tri-1 was not expressed in the seedling leaves. As the 

double trisomies approached the heading stage, they did not 

always produce a leaf blade. This was evident on the last 

leaves of the culm. Double trisomic 1,4 was the shortest 

double trisomic in 1969. No double trisomies were pro

duced in its progeny in 1970. Double trisomic 1,6 was 
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influenced more by chromosome 6 than chromosome 1 in 

height. This double trisomic had a high number of nodes 

and a thin culm. Double trisomic 1,4 had the same number 

of nodes as the diploid and tri-1 and a nearly normal culm 

in thickness. Both double trisomies 1,4 and 1,6 had a 

short spike and a low number of rachis internodes. Rachis 

internode length was close to the diploid and tri-6 in 

double trisomic 1,6 but the same as tri-1 in double tri

somic 1,4. Both double trisomies did not set any selfed 

seed. Crossed seed on the double trisomies was very light 

and the seed had approximately 50% germination. Individual 

seed from double trisomic 1,4 were not weighed. 

Chromosome 2 

Chromosome 2 was identified as one of the extra 

chromosomes in 5 double trisomic plants, but only two types 

of double trisomies were produced that contained chromosome 

2, double trisomies 2,4 and 2,5» Double trisomic 2,4 was a 

fairly vigorous plant and there were four plants in this 

group. 

Plants having an extra chromosome 2 had a narrow 

leaf just as those having an extra chromosome 1 but the 

leaves had lighter green color and the leaves were not as 

long. These leaves had the second highest leaf index. 

Tsuchiya (1958, 196?) reported that tri-2 had the highest 

index. Tri-2 was the second tallest trisomic in both years. 



Tsuchiya did not observe that tri-2 was tall in Shin Ebisu 

No. 16 but he did in H. spontaneum. Tri-2 plants had more 

nodes than the diploid and a thinner culm. Tri-2 plants 

produced trisomies with a spike as long as the diploid and 

second to tri-4 in length. Tri-2 had about as many rachis 

internodes as the diploid plants but the rachis internodes 

were longer. Seed from tri-2 plants were lighter than seed 

from other trisomies. S^ed set was k0% in 1970. 

Double trisomies containing an extra chromosome 2 

had narrow leaves like the primary trisomies. The height 

of tri-2 plants was not expressed in the double trisomic. 

Both double trisomies 2,4 and 2,5 had a larger number of 

nodes and a thinner culm than the diploid. Rachis length 

and rachis internode number were close to the diploid and 

tri-2 plants. The extra length of the rachis internode was 

not expressed in either double trisomic types. Selfed and 

crossed seed from both double trisomies were lighter than 

other double trisomic seed. Double trisomic 2,4 had 9±.2% 

germination in selfed seed and nearly 3 times more non-

germination in crossed seed. Lowest germination and the 

lightest weight among all double trisomies was obtained in 

the selfed seed of double trisomic 2,5* 

Chromosome 3 

Chromosome 3 was involved in k of 6 double trisomic 

combinations. Combinations with chromosomes 1 or 2 were 
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not identified. Double trisomic 3*6 is the only double 

trisomic in this group that was present more than once. 

Chromosome 3 was an extra chromosome in 7 double trisomies. 

A double trisomic in which only chromosome 5 was identified 

had a phenotype similar to double trisomic 3,5* 

Tri-3 plants had the fastest growth rate among the 

primary trisomies but they were still 10 days slower in 

growth than diploids. Leaves of tri-3 plants were narrower, 

shorter, and lighter in color than diploids. Leaf index 

was about equal to the diploid in both seedling and mature 

leaves. Tri-3 plants have a loose, soft sheath and culm 

that can be easily identified when collecting microsporo-

cytes. Tsuchiya (1967) reported that the culm of trisomic 

Pale (tri-3) in Shin Ebisu No. 16 was very soft at maturity. 

Tri-3 plants were shorter and had thinner culms than 

diploids. They had short spikes with the shortest rachis 

internodes of all primary trisomies. Tsuchiya (1967) 

reported a dense spike in Pale (tri-3) of Shin Ebisu No.• 

l6 but he reported a dense spike in tri-4 rather than tri-3 

in H. spontaneum (Tsuchiya, 1958). Short rachis internodes 

gave these spikes an erectoides type spike. Tri-3 occa

sionally produced long basal internodes. There is a tend

ency to have floret development on the rachilla and pro

duction of lemina and awns with an occasional seed. Seed 

set on the trisomic was 3^% which was the second lowest 
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among the trisomies in 1970• Seed weight of tri-3 plants 

was rather low. 

Double trisomies involving chromosome 3 had the 

fastest growth rate among the double trisomies. Double 

trisomic 3,6 had the fastest rate of growth among the 

double trisomies and it was faster than some of the primary 

trisomies. The leaves of double trisomies in this group 

had no distinguishing characteristics for chromosome 3* 

Plant height of double trisomies for chromosome 3 varied 

from short to tall. Double trisomic 3,5 was the second 

shortest and double trisomic 3,6 was the tallest double tri

somic. Double trisomies had a slightly thinner culm and 

about the same number of nodes as the diploid. Spike 

length was usually shorter than the diploid. Double tri

somic 3,7 had long rachis internodes that were few in 

number, characters which are controlled by chromosome 7« 

The other 3 types of double trisomies (3,4; 3,5; and 3,6) 

had short rachis internodes. Double trisomic 3,5 had the 

shortest rachis internode which measured 2.1 mm. Trisomies 

3 and 5 produced long basal internodes and long basal 

internodes were also observed in double trisomies 1,7; 2,4; 

3,4; 3,5; 3,6; 4,5; and 5,6. Development of flowers on the 

rachilla was observed in double trisomies 3,4; 3,5; 3,7, 

and one double trisomic that was not identified. Double 

trisomies 3,4 and 3,6 had high seed set. Seed from double 

trisomic 3,5 was small but the other double trisomies had 



48 

large seed. Double trisomies 3,4 and 3,6 had high germina

tion rates but double trisomies 3,5 and 3,7 had low ger

mination rates. Double trisoinic 3,5 had low seed weight 

which may have caused the low germination rate. 

Chromosome 4 

Chromosome 4 was identified in the largest number 

of double trisomies, and it is the only one that was 

identified as an extra chromosome in combination with all 

six other chromosomes. Number of double trisomies for each 

type of double trisomic varied from 1 to 7, with double 

trisomic 4,5 occurring in the highest frequency. 

Trisomies-for chromosome 4 were the last trisomies 

that were collected for microsporocytes on 2 of the 3 

planting dates. The seedling leaf of tri-4 was almost as 

wide as the diploid. Leaf length was less and leaf index 

was slightly lower than diploids. The mature leaf was much 

wider than the diploid and it was the widest among the 

trisomies. It had the lowest leaf index of the primary 

trisomies and diploids. Tsuchiya (1967) reported the 

lowest index on tri-4 in Shin Ebisu No. 16. In H. spon-

taneum the lowest index was on tri-7 (Tsuchiya, 1958)* 

Tri-4 plants were shorter than diploids and had a thick 

culm which is in agreement with what Tsuchiya observed. 

Node number was about equal to the diploid. Tri-4 plants 

produced the longest rachis. Rachis internode length was 



about equal to the diploid plants but tri-4 plants had a 

high number of rachis internodes. Tri~4 in Shin Ebisu No. 

16 had a long spike but the increase in number of rachis 

internodes was not reported in H. spontaneum. 

The slow growth of tri-4 plants was observed in the 

double trisomies carrying this chromosome, especially on 

the first planting date. The wide mature leaf of tri-4 

was expressed in double trisomies 4,5; 4,6; and 4,7 in the 

first year and in double trisomies 3,^ and 4,6 in the second 

year. There was variation in leaf expression between the 

two years. Double trisomies involving chromosome 4 had a 

low leaf index. Plant height varied in double trisomies 

depending on chromosome combinations. Double trisomic 1,4 

was the shortest of all double trisomies and double tri

somic 4,6 was the second tallest double trisomic. The 

thick culm of tri-4 was expressed in double trisomic 4,5 in 

the first year but not in the second year. Double trisomic 

4,6 and 4,7 had thick culms iri the second year. Spike 

length varied like leaf width and culm thickness. In the 

first year, double trisomic 4,5 had the longest spike but 

in the second year the spike resembled tri-5 in length. 

In the second year, double trisomic 4,6 had the longest 

spike; however, the spike resembled tri-6 in the previous 

year. This indicates that the expression of extra chromo

somes in double trisomies is not stable but is dependent 

on environmental factors for determining the degree in 



which chromosome is expressed. Rachis internode length 

was normal unless the double trisomic contained an extra 

chromosome 1 or 7» The high rachis internode number of 

tri-4 was usually expressed in double trisomies having an 

extra chromosome 4. Tillering from upper nodes was 

observed in double trisomies 1,4; 2,4; 3,4; and 4,5* 

Double trisomies containing chromosome 4 also produced 

multiple spikelets, and in double trisomic 4,7 there were 

more than one seed in a single lemma and palea. Double 

trisomies 1,4 and 4,7 did not set any selfed seed and 

double trisomic 4,5 set a small amount of selfed seed. 

Double trisomies 3,4 and 4,6 set a large amount of selfed 

seed in both years. Double trisomies had a low seed weight 

in combinations with extra chromosomes 1, 2, 5, or 7« Seed 

from double trisomies 3,4 and 4,6 had a high germination 

rate but the other double trisomies had a low germination 

rate, especially in crossed seed. 

Chromosome 5 

This chromosome was present in 12 double trisomies 

and it was identified in 5 of 6 possible combinations. 

Double trisomic 1,5 was the only combination that was not 

produced. Double trisomic 4,5 occurred at the highest 

frequency among the double trisomies. One double trisomic 

in which only chromosome 5 was identified had a phenotype 

similar to double trisomic 3,5« 
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Tri-5 plants had the shortest leaf blade of the 

primary trisomies for seedling leaves and for mature leaves 

in the second year. The leaves are usually striped along 

the leaf blade. Leaf index was a little lower than the 

diploid. The culm was shorter and thinner than the diploid. 

This trisomic produced a short spike with short rachis 

internodes but were longer than in tri-3« Rachis inter-

node number was a little lower than in diploids. Plants 

trisomic for chromosome 5 produced long basal internodes 

and they had a sharp bend at the collar. Tri-5 plants had 

a rather low seed set and produced light seed. Tsuchiya 

(1958, 1967) named these trisomies Pseudonormal because 

they were similar to the diploid except that they were 

shorter. 

Double trisomies 3,5; ^,5; and 5,6 had short seed

ling leaves in the first year and double trisomies 2,5; ^,5; 

and 6,7 had the shortest seedling leaves in the second year. 

All of these leaves were less than 100 mm. in length. 

Double trisomies for chromosome 5 are short and have small 

culm diameter which may vary depending on the combination 

of extra chromosomes. Double trisomies containing chromo

some 5 had short rachis internodes except in combinations 

with chromosome 7 and a short rachis in all combinations 

except with chromosomes 2 or 4. Double trisomic 3,5 bad 

the shortest rachis internodes. All double trisomies con

taining chromosomes 5 except double trisomic 5,6 had light 



seed in which the crossed seed was lighter than the selfed 

seed with the exception of double trisomic 2,5 • With the 

exception of selfed seed of double trisomic ^,5, germina

tion of double trisomic seed was low. 

Chromosome 6 

Chromosome 6 was present in the second highest 

number of double trisomies and it was identified in all 

combinations of extra chromosomes except combinations with 

chromosome 2. There were two double trisomies in which 

only chromosome 6 was identified. One of these plants had 

a phenotype similar to double trisomic 1,6 and the other 

plant had a phenotype similar to double trisomic 6,7. A 

third plant in which only chromosome 7 was identified was 

similar to double trisomic 6,7* 

Tri-6 plants had seedling leaves that were nearly 

as wide as normal leaves and they had the lowest leaf index. 

The leaves of mature plants were also about as wide as 

normal and the leaf index was close to that of diploid 

plants. Tri-6 plants were difficult to distinguish from 

diploids in the seedling stage. Tillering on the tri-6 

plants began later than on the diploids and they usually 

had more anthocyanin at the base. Tri-6 plants were about 

equal to diploids in height and had purple stems but the 

pigment was variable depending on the environmental condi

tions. Tri-6 plants had more nodes and thinner culms than 
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diploids. Shin Ebisu No. l6 trisomies for chromosome 6 

were as tall as the diploid and had purple culms (Tsuchiya, 

1967)• The spike of tri-6 was usually short with long 

upright arms. The spike contained fewer rachis internodes 

than the diploid. Tri-6 plants were usually fairly fertile 

trisomies and produced seed about equal to diploids in 

weight. 

Double trisomies containing an extra chromosome 6 

were either the slowest or the fastest plants to reach the 

collecting stage for microsporocytes, depending on the 

chromosome combination. Growth of double trisoinic 3,6 was 

the fastest and double trisomic 4,6 was the slowest. This 

extra chromosome in double trisomies did not have an effect 

on leaf characteristics. Double trisomies containing an 

extra chromosome 6 were taller than primary trisomies for 

the other extra chromosomes of double trisomies 1,6; 3,6; 

and 4,6. Double trisomies 1,6; 4,6; and 5,6 had more 

internodes than the diploid and almost all of the double 

trisomies had a thinner culm. The purple color of tri-6 

was expressed occasionally in double trisomies. Double 

trisomies 1,6; 5,6; and 6,7 had the shortest spikes in 

both years and double trisomic 3,6 had spikes similar to 

tri-6 in both years. Double trisomic 4.6 was variable in 

expression of spike type. Double trisomies 3,6 and 4,6 

produced high seed set but double trisomic 3,6 did not 

express this in the second year. The high seed set 
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observed in the second year on double trisomic 6,7 was not 

evident in the previous year. All but double trisomic 1,6 

produced large seed. Double trisomies 3,6 and 4,6 had a 

high frequency of germination in the progeny, but the fre

quency of germination in the other double trisomies was low. 

Chromosome 7 

Chromosome 7 was present as an extra chromosome in 

7 of 34 identified double trisomies. This chromosome was 

identified in double trisomic combinations with chromosomes 

3, 4, and 6 but not with chromosomes 1, 2, or 5« Two double 

trisomies in which one of the two extra chromosomes were 

identified appeared to be double trisomies for chromosomes 

6 and 7• 

Leaves of tri-7 plants were narrower and shorter 

than diploids but they had the same index. In H. spon-

taneum, Tsuchiya (1958) reported that tri-7 had the lowest 

index. Tri-7 plants were shorter and had fewer nodes than 

the diploid plants. They had a weak root system and did 

not have a capacity to produce regrowth like the other 

trisomies. Tri-7 plants had a rachis that was about equal 

to the diploid in length but had fewer rachis internodes 

and greater rachis internode length. Tri-7 plants had 

lighter seed than diploids and had a high seed set in 1970. 

Double trisomies having an extra chromosome 7 did 

not show any distinguishing leaf characteristics. These 



double trisomies had fewer nodes than other double tri

somies; however, this was not always expressed. An example 

is double trisomic 4,7 which had a high node number in the 

second year. Occasionally double trisomies had a weak root 

system like tri-7. Double trisomies for chromosome 7 did 

not produce many rachis internodes and the rachis inter-

nodes had a characteristic long length of tri-7• Double 

trisomic 4,7 produced a spike in 1970 that did not develop 

so no measurements are shown for this double trisomic. 

Double trisomic 6,7 set a large amount of seed in 1970. 

Seed from double trisomies containing chromosome 7 were 

lighter than primary trisomic seed. Seed from double tri

somic 4,7 was very light. Double trisomies containing an 

extra chromosome 7 had a low seed germination especially 

when seed weight is considered. 

Unrelated Aneuploidy 

Unrelated aneuploids were produced by some double 

trisomies. Double trisomic 3,7 produced a plant trisomic 

for chromosome 5 in its selfed progeny. In crossed progeny 

double trisomic 4,5 produced a tri-7, a 19 chromosome plant, 

and a 23 chromosome plant; and double trisomies 4,6 and 6,7 

each produced a 23 chromosome plant. The production of 23 

chromosome plants in both selfed and crossed progeny indi

cates that the double trisomies produced abnormalities in 

embryo sac formation. The 23 chromosome plants probably 



originated from fertilization of an egg having the same 

chromosome complement as the somatic cells, indicating that 

the egg may have originated from the nucellus. It is very 

unlikely that the egg was produced by doubling chromosomes 

in the egg in the manner discussed by Schertz and Stephens 

(1965) because plants with 21 and 22 chromosomes would be 

expected. 

Chromosome fragments were produced by double tri

somies. In selfed progeny, double trisomic 4,5 produced 1 

plant with 2 fragments and double trisomic 4,6 produced 2 

plants with 1 fragment each. In crossed progeny, double 

trisomic 3,5 produced 1 plant with a fragment. Considering 

that the crossed population is about twice the size of the 

selfed population, the frequency of plants with fragments 

is much higher in the selfed progeny. This incidates that 

the fragment is transmitted through the pollen. Fragments 

were observed in the original population and have been 

reported in the progeny of triploids by Tsuchiya (1958, 

1967)• Progeny of double trisomies in Matthiola incana 

also included fragments (Frost, 1927). 

The most vigorous double trisomies were double tri

somies 3,4; 3,6; and 4,6. Double trisomic 3,4 was rather 

short in relation to the other two double trisomies but 

like double trisomic 3,6, it had the fast development that 

is characteristic of tri-3« Double trisomic 4,6 developed 

slower than the other two double trisomies. All of these 
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plants produced good quality seed when either selfed or 

crossed. 

One can infer from these data that tertiary tri

somies that have an interchanged chromosome composed of 

chromosomes 3 and 3 and 6, or k and 6 would probably be 

vigorous tertiary trisomies. The advantages would be 

dependent on the location of the breakpoint. The earliness 

of tri-3 may be lost if chromosome 3 is the fragmentary 

segment of the interchanged chromosome. The height of tri-6 

may be lost in the same manner. An interchanged chromosome 

produced by a translocation between chromosomes 3 and 6 

would probably produce the best tertiary trisomic for male-

sterile seed production because of its vigor and possibil

ities of rate of development and plant height close to 

that of the diploids. 
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SUMMARY 

Double trisomies were produced by partially sterile 

plants in a commercial field of Betzes barley at Bozeman, 

Montana. The frequency of double trisomies from partially 

sterile plants segregating for aneuploidy was The 

distribution of aneuploids from these plants was similar to 

the segregation from selfed triploids in Hordeum spontaneum 

indicating that these plants were probably triploids. Fifty 

double trisomies were obtained and 3^ were identified and 

classified into 13 of a maximum 21 combinations. Chromosome 

k was the only chromosome that was identified in all 6 

combinations. Seven of the eight combinations that were 

not identified contained chromosomes 1 and 2. Some of 

these combinations were not identified because of the 

sterility of these double trisomies. 

Chromosome segregation from double trisomies was 

not random. Double trisomies involving chromosome k had 

the highest frequency and double trisomies containing 

chromosome 1 had the lowest frequency. There was little 

difference between selfed and crossed seed. The observed 

frequencies were 59«1% diploid, less than 36.5% for each 

trisomic type, and about 3-5% double trisomies. The fre

quencies of double trisomies and diploids were less than 

expected and the frequencies of primary trisomies were 

58 



higher than expected. This is probably due to lower double 

trisomic production due to non-germination of seed or early 

abortion. A reduction in the observed frequency of double 

trisomies changes the expected frequency in all classes. 

Occasionally an unrelated trisomic or plants with fragments 

were observed. One 19 chromosome plant and four 23 chromo

some plants were probably produced by fertilization of an 

unreduced nucellar egg by normal pollen. 

Double trisomies emerged and grew more slowly than 

primary trisomies and diploids, and they grew at different 

rates depending on time of planting. Double trisomies grew 

at the fastest rate when planted on November 11 rather than 

2 weeks earlier or later. Double trisomies containing 

chromosome 3 grew at the fastest rate and those containing 

chromosome k grew at the slowest rate except in combination 

with chromosome 3» 

Physical characteristics of diploids, primary tri

somies, and double trisomies such as width and length of 

seedling and adult leaves, diameter and length of culm, the 

number of nodes per culm, number of rachis internodes, and 

length of rachis were measured. Noticeable differences in 

the primary trisomic were usually expressed in the double 

trisomic for the same extra chromosome. For proper identi

fication of primary trisomies and double trisomies, several 

characteristics must be examined at the same time. As an 

example, tri-1 and tri-2 can be distinguished from the 
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other trisomies by leaf width but not from each other. Leaf 

length or color may be used to distinguish the two. The 

most vigorous double trisomies are double trisomies 3,^5 

3,6; and 4,6. All three of these double trisomies produced 

a large amoung to high quality seed. Interchanged chromo

somes in these combinations could be expected to produce 

vigorous tertiary trisomies suitable for use in hybrid 

breeding programs. 
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