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ABSTRACT

Three wheat (Triticum aestivum L.) lines that were 
segregating for male sterility were studied to determine the 
cause of the male sterility and the reason for abnormal seg
regation ratios of male fertile:male sterile plants. From 
meiotic studies of pollen mother cells, three types of aneu- 
ploidy were found in male sterile plants: ditelosomic,
monotelosomic, and nullisomic. Other types of aneuploidy 
were observed in the fertile sib plants: monotelodisomic
,and monoisosomic. Chromosome studies of mitotically divid
ing root cells revealed the telocentric chromosome sometimes 
had a small arm, thus making it a small acrocentric chromo
some. The male sterility is hypothesized to be caused by 
the loss of fertility genes. This happens by the misdivi- 
sion of the chromosome, resulting in the loss of all or part 
of the arm with the fertile genes. The chromosome becomes 
either telocentric or acrocentric. Therefore, the ditelo
somic, monotelosomic and nullisomic plants would be male 
sterile. The erratic male fertile:male sterile segregation 
ratios are explained by the incomplete transmission of the 
telocentric chromosome through the gametes. It is suggested 
that the three lines arose from the same type of event dis
covered on three separate occasions. The use of the ditelo
somic male sterile in plant breeding is outlined.

vii
?



CHAPTER 1

INTRODUCTION

Plant breeders have used two major methods of 
crossing self-pollinating plants such as wheat, oats, and 
barley. The first method used was emasculation. Anthers 
were removed from the seed parent plant, producing essen
tially a female plant. This method can be time-consuming 
and tedious, since each anther must be carefully removed 
to avoid the accidental opening of an anther and contami
nation of the stigma.

A newer approach to crossing utilized male sterile 
plants as the seed parents. These plants.have nonfunctional 
anthers, leaving the flowers with only pistils. The use of 
male steriles eliminates the need of emasculation and can 
permit a greater number of crosses to be made within a given 
period of time,

Two types of male sterility exist: cytoplasmic male
sterility and genetic male sterility. With the cytoplasmic 
type, interaction exists between the nuclear material and 
the cytoplasm which causes pollen abortion. Fertility 
restoring genes are needed to produce fertile progeny from 
a cross using a cytoplasmic male sterile as the seed parent.

1
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The second type of male sterility, genetic male 

sterility, is caused by a gene on a nuclear chromosome.
The gene is usually recessive and therefore must be homo
zygous (ms ms) to cause male sterility. The homozygous 
dominant plants (Ms Ms) and the heterozygous plants (Ms ms) 
are fertile. A cross using a male sterile plant (ms ms) 
as the seed parent with a normal fertile plant (Ms Ms) would 
give fertile projeny (Ms ms). The F^ generation is 
expected to segregate 3 male fertile to 1 male sterile.

In bread wheat, a single spike can contain over one- 
hundred anthers. Using the emasculation method, a large num
ber of crosses with a minimum amount of labor becomes an 
impossibility. The use of male sterile plants as the seed 
parents is therefore needed in a realistic wheat breeding 
program.

Three male sterile plants were found in the cultivar 
Siete Cerros of Triticum aestivum L., the hexaploid bread 
wheat (2x = 42). These plants, crossed with normal fertile 
plants, gave fertile F^ progenies, indicating that in each 
case the male sterility was genetic rather than cytoplasmic. 
In the F 2  generations of the three lines, however, the seg
regation ratios of male fertile plants to male sterile plants 
deviated from expected genetic ratios. Also, plants with 
abnormalities such as narrow leaves and short stature were 
found. This suggested that aneuploidy was present.
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This present study concentrates on observing meiotic 

and mitotically dividing cells of both male sterile and fer
tile plants in these lines to find a relationship between 
male' sterility and the occurrence of specific types of aneu- 
ploidy.



CHAPTER 2

LITERATURE REVIEW

Both cytoplasmic and genetic male sterility have 
been used in plant breeding. Cytoplasmic male sterility 
was reported in corn by Rhoades (1933). He described a 
line which had an that was 100% male sterile. After 
twelve generations, the progeny from the crosses still gave 
100% male sterility. • The•conclusion was that the plants 
contained cytoplasm transmitted by the seed parent that 
caused male sterility. Jones and Ensweller (1937) found an 
Italian Red onion which was normal cytologically, but had 
tapetal cells in the anthers that showed signs of hyper
trophy. This caused the death of the microspores before 
dehiscence. Rogers and Edwardson (1952) reported cytoplas
mic male sterility in corn and designated the cytoplasm 
"Texas". Cytoplasmic male sterility has also been reported 
in sugar beets (Owen, 1945) and sorghum (Stephens and Hol
land, 1954) .

Edwardson (1970) reviewed the crops in which cyto
plasmic male sterility had been found. He categorized them 
into four types. Those arising from intergeneric crosses 
included Aegiloos X Triticum and Triticum X Secale. Inter
specific crosses in genera such as Aegilops, Capsicum,



Gossipium, Hordeum, and Phaseo.lis also gave rise to cytoplas- 
mio male sterility. The third category was intraspecific 
crosses with species from Allium, Brassica, and Sorghum.
The spontaneous occurrence of cytoplasmic male sterility were 
listed for some species of Allium, Beta, and Sorghum.

Cytoplasmic male sterility is regularly used for 
hybrid seed production in many crops. Duvick (1959) stated 
that onions, corn, sweet corn, sugarbeets, sorghum, and car
rots have all been hybridized using cytoplasmic male steril
ity. Breeding methods such as topcross, single cross, double 
cross, and three-way cross can utilize cytoplasmic male ster- 
iles as the seed parent.

In wheat, a system using the foreign cytoplasm of 
a close relative such as Aegilops sguarrosa with the 
Triticum germ plasm to produce cytoplasmic male sterility 
has been suggested (Franckowiak, Maan, and Williams, 1976). 
Wilson and Ross (1961) pointed out that the need for fertil
ity restoring factors.has made the use of cytoplasmic steril
ity unprofitable in wheat, since all the factors must be 
present in the hybrid progeny and must not be environmentally 
affected. If cytoplasmic male sterility is used in producing 
hybrid wheat seed, a large percent seed set is also needed 
(Wilson and Ross, 1962). Porter, Lahr, and Atkins (1965) 
concluded that the cytoplasmic male steriles in wheat are 
not well-suited for use in hybrid seed production because



of low percent seed set. One case had only 1*8 to 14.1% 
seed set.

Genetic male sterility has been reported in a number 
of crops. In tomatoes, Rick (1.949) found a total of nine 
different single recessive factors causing male sterility.
To date, 38 different genes inducing male sterility have been 
reported in tomatoes. In cauliflower, Nieuwhof (1961) found 
a single recessive factor for male sterility; in Brussel 
sprouts, however, he found male sterility to be controlled 
by multiple recessive genes. Barley was listed as having 
16 nonallelic single recessive male sterile genes by Hockett 
and Eslick (1968). This figure has increased since then to 
26 (Hockett, 1975).

The use of male sterile genes in producing hybrids 
and improving crops has been discussed for tomatoes by Rick 
(1945). The male sterile recessive gene would cause the 
hybrid to be fertile, and breeding for factors such as 
disease resistance would be made easier. Increased heterosis 
in hybrid barley using male steriles is discussed by 
Suneson (1945, 1951). Ramage (1965) suggested the use of 
genetic recessive male sterility in developing hybrids in 
barley and other diploid crops. Duvick (1959), however, 
pointed out that in mass hybridization, the use of genetic 
male steriles may not be as. efficient as cytoplasmic male 
steriles. This is because of the segregation of male fertile
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plants, in male sterile rows. These would have to be removed 
at an expense.

Genetic male sterile systems for crossbreeding wheat 
have been described by several authors. Suneson (1962) dis
cussed the speed of crossing using male steriies and stated 
that it was four times faster than conventional methods. 
Hermsen (1965) suggested finding a cytoplasm that could pro
duce fertility in the presence of genetic male sterile genes. 
A system for making wheat hybrids using genetic male steril
ity was outlined by Driscoll (1972). Improving varieties 
of wheat by using a male sterile facilitated recurrent selec
tion program as employed in barley would be possible with a 
genetic male sterile (Ramage, 1977) . From a population of 
plants, individuals are selected on the basis of favorable 
characteristics. These are crossed onto male sterile plants 
with desirable characteristics. In the F2 progeny, plants 
are again selected and crossed, thus recurrently selecting 
traits. Employing male steriies as a means of making a 
large number of crosses improves efficiency. Composite 
crosses in wheat have also been created using male sterility 
(Suneson et al. 1959; Thompson and Shantz, 1978).

Due to the hexaploid nature of wheat, finding single 
recessive male sterile genes has been difficult. A gene 
must be found that can overcome the possible presence of two 
other fertile genes existing in the other two genomes which



could compensate for the male sterile gene. For one gene 
(ms ms) on a homologous pair of chromosomes, the segregation 
ratio in the F2 generation should be 3 fertile plants:
1 sterile plant. If two recessive gene pairs are involved 
(ms^ms^ ms2ms2 ), the ratio becomes 15:1. Three genes, one 
each on the three pairs of homoeologous chromosomes (ms^ ms^ 
ms 2ms 2 ms gins g) gives a ratio of 63:1.

Pugsley and Oram (1959) first described a genetic 
male sterile wheat. This line has been cytotogically studied 
and found to vary randomly from 38 to 43 chromosomes in so
matic tissue (Waninge and Zeven, 1968; Zeven, Kampmeijer, and 
Eenink, 1970.) . Briggle (1970) , selected plants from Pugs- 
ley's male sterile line until he obtained a 3:1 ratio with
out chromosomal aberrations and partial fertility. Crossing 
with known monosomic lines, Driscoll (.1975) , found that male 
sterility in this line and male sterility induced with radia
tion in the cultivar Probus were due to alleles located on 
chromosome 4A. He also postulated that the Probus sterile 
was caused by a deletion.

Another male•sterile reported in wheat by Athwal, 
Phul, and Minocha (1967), was conditioned by environmentally 
affected, recessive genes. Male sterility was controlled by 
three major genes with additive effects, needing all three 
for highest sterility. With one. or two of the genes present.



■partially sterile plants were observed. The anthers of the 
partial sterile plants were shrunken but had partial dehi
scence.

Lines better suited for use in crossing have been 
studied (Krupnov, 1968; Fossati and Ingold, 1970), although 
most have some problems with the transmission of the male 
sterility factor. . Driscoll (1977) found a recessive gene 
in the cultivar Cornerstone, located on the 4a chromosome, 
but this also did not segregate in a 3:1 ratio. Jan and 
Qualset (1977) reported a male sterile line controlled by 
three genes. This, however, is an incomplete sterility 
since it has about 5% selfing. They state the plants from 
this selfed seed would again be male sterile.

In 1972, R . K. Thompson found two male sterile 
plants and labeled the lines developed from them msA and 
msB. Another line, msR, came from a plant discovered in a 
bulk row of. wheat in 1975 by R. T. Ramage. Thompson (1976) 
reported that his msA and msB lines segregated in ratios of 
about 7 fertile : 1 male sterile and 9 fertile : 1 male 
sterile respectively. The msR line also produced ratios 
that deviated from expected genetic ratios. The appearance 
of some abnormal plants was observed, suggesting that aneu- 
ploids were present. These are the three lines studied in 
this paper.
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Aneuploids of wheat have been used to define genes 

and locate their position on the chromosomes (Sears, 1954) . 
The different nullisomics (missing a chromosome pair), mono- 
telosomics (which are missing a whole chromosome and an arm 
of its homologue), and monoisosomic (which have one whole 
chromosome missing and contains another that consists of a 
duplicated arm) were all studied and described by Sears 
(1954). Plants that were missing the 5R or 4D chromosome 
pairs were found to be male sterile (Sears, 1941). Chromo
some pairs 4A, 4B, 5A, and 5D were also shown to contain 
some genes for male fertility (Driscoll, 1973).

Aneuploidy has been found in many cultivars of 
wheat and seems to be a regular event in populations of 
wheat (Riley and Kimber, 1961). Meiotic instability was 
also described by Love (1951) „ He suggested a meiotic index 
to describe the stability of different varieties. This in
dex :;is the percentage of microspores without micronuclei 
from a misdivision. A ratio of 90% or better would be highly 
stable. Instability in wheat may cause a high occurrence of 
aneuploidy and the possibility of losing genes for fertility.



CHAPTER 3

MATERIALS AND METHODS

To learn the basis of male sterility in three wheat 
lines, msR, msA, and msB, fertile and sterile plants from 
different generations of each line were studied cytologi- 
callyo Segregation ratios of male fertile to male sterile 
plants were also determined in populations grown in the 
Tucson, Arizona, fields -

All spikes collected for meiotic chromosome studies 
were killed and fixed in a 3:1 solution of 95% ethyl alcohol 
and glacial acetic acid for at least 24 hours, and then 
stored in 70% ethyl alcohol. Pollen mother cells were ana
lyzed using the squash technique stained with a 2% solution 
of acetocarmine. Counts were taken only on complete cells 
where all chromosomes were visible and distinct.

For mitotic chromosome studies, root tips from seed
lings grown in the laboratory were used. These were pre
treated in 1-bromonaphthalene for 3 to 4 hours. They were 
then hydrolized in IN hydrochloric acid at 55°C for 3 min
utes, washed in water for 15 seconds, and stored in vials 
of a 2% solution of acetocarmine stain for at least 24 hours. 
The root tips were spread on a slide and examined micro
scopically for mitotically dividing cells.

11
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msR Line F]_ Generation 

A male sterile plant was found by.R = T. Ramage in 
1975 growing in a plot of the cultivar Siete Cerros of the 
common bread wheat Trlticium aestivum L . This plant set 
outcrossed seed and the line was designated "msR". The 
crosses of msR used in this study are illustrated in Fig. 1. 
F^ seed were planted in Bozeman, Montana, in 1975 (desig
nated Group 1). Fifteen Group 1 plants were examined for 
fertility, but were not studied cytologically.

Other F^ seed from the male sterile plants were 
germinated in a greenhouse in Tucson, Arizona, in 1975 
(designated Group 2). Young spikes from nine Group 2 plants 
were collected for meiotic chromosome analysis. A measure 
of seed set was made by counting the seed in the primary 
and secondary florets of a spike from each plant. This num
ber was then divided by the total number of these florets. 
This measure was used to define each plant as a fertile, 
partial fertile, or sterile plant.

msR Line F2 Generation 
F 2  seed from the fifteen Group 1 F^ plants from Boze

man (designated Group 3), and F^ seed from seven Group 2 F^ 
plants (designated Group 4) were planted in the Tucson green
house .

R. K. Thompson planted F^ seed from the Bozeman 
Group 1 F^ plants and crossed F^ male steriles in this



ORIGINAL MALE STERILE X NORMAL
R PLANT

Groups analyzed 
cytologically. 
Groups counted 
for fertile: 
sterile ratios

GROUP 1 GROUP 2 (F

THOMPSON'S F X NORMAL GROUP 4 (F0)GROUP 3 (F0) GROUP 6MALE STERILE

THOMPSON'S
MALE STERILE

GROUP 5 (F0) GROUP 7 (FGROUP 8 (F-,) GROUP 9
(BACKCROSS)

Fig. 1. The msR Line.
LO
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population with normal Siete Cerros wheat. He then grew 
the plants from this seed. F2 seed (designated Group 5), 
were grown in the Tucson greenhouse with Groups 3 and 4.

Spikes from these F2 plants were collected and micro
spore mother cells were analyzed cytologically. Each plant 
was examined for abnormalities in morphology and fertility 
by percent seed set in the primary and secondary florets.

Seeds from the F^ Group 2 plants with known chromo
some number (designated Group 6 ) and seed from Thompson's 
F^ plants (designated Group 7) were planted in the Tucson 
fields. The resulting plants were classified for fertile : 
sterile segregation ratios. Spikes of fertile plants within 
the Group 7 populations were collected and observed cytologi
cally to determine the type of aneuploid existing in each 
of these populations.

msR Line F3 Generation

Fg progeny of twenty-two F2 Group 3 plants with 
known chromosome numbers were grown in Tucson. Fertile to 
sterile segregations were determined by field ..examination 
for steriles in six of the populations from parents having 
twenty-one pairs of chromosomes." Individual plants were, 
pulled in the other sixteen populations. From these, actual 
ratios of male fertile to male sterile plants were obtained. 
These populations were designated Group 8 .
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msR F2 x MsR Fj

In Bozeman, Ramage backcrossed male steriles of an 
F^ msR population (grown from the Group 1 F^ plants) with 
fertile plants from the F^ population grown by Thompson.
Seed from these crosses were planted in the Tucson green
house (designated Group 9). Pollen mother cells from sixty- 
one of these plants were studied cytologically and each 
plant's morphology was examined.

F3 of Fertiles in msA and msB Lines •

Two male sterile plants, msA and msB, were found by
R. K. Thompson in Mesa, Arizona, in 1972. The F^ plants
from crosses with normal Siete Cerros were fertile in 1973. 
Thompson counted Fg segregation of fertile to male sterile 
and found it to be 7:1 for msA and 9:1 for msB. He also 
determined fertile to make sterile segregation in the sib 
seed and found it to be about 3:1 in both lines.

Selfed seed from the fertile pollen parents used by
Thompson in sib crosses of msA and msB were planted in the 
Tucson greenhouse in 1975. Thirty plants from msA and four
teen plants from msB were studied cytologically for abnor
malities in meiosis. They were also examined for fertility 
of the primary and secondary florets.
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F4 of Fertiles in msA and msB Lines

Progeny of selected monotelodisomic (20" + tl") F^ 
plants of msA and msB lines were grown in the 1976 Tucson 
field. Segregation of fertile to sterile was noted for each 
group to see if any normal genetic ratios were apparent. •

Root Tip Analysis of msR, msA,'. and msB 
Sib seed and seed of various crosses were taken from 

the msR line and the msA and msB lines and grown in the lab
oratory. Root tips were collected for"mitotically dividing 
cells. The type of aneuploidy involved in these lines and 
the relationship of this aneuploidy with the male sterility 
was studied. The fertility of these seedlings was predicted 
on the basis of the chromosome number found. To study 
chromosome pairing, spikes were collected and pollen mother 
cells analyzed from some of the male sterile and fertile 
plants.



CHAPTER 4

RESULTS
f

Observations and measurements made from each genera
tion are detailed separately below. Table 1 lists the defini
tions of the terms used to describe a plant's chromosome 
number. Only plants in which complete chromosome counts were 
taken are included in this study. Those with partial counts 
or those that had univalents which could not be labelled as 
whole, telocentric, or isosomic have been omitted.

msR Line F]_ Generation

Field observations in Bozeman, Montana, established 
that the Group 1 F^ msR plants were all normal fertiles.
This indicated genetic rather than cytoplasmic male steril
ity, since the F^ would be expected to be heterozygous 
(Ms ms) and thus fertile. Because both awned and awnless 
plants were present, and the Siete Cerros cultivar is awn
less, it was assumed that outcrossing had taken place between 
the original male sterile plant and a nearby row of awned 
wheat.

All Group 2 F^ plants had normal fertility except 
one plant with 53% seed set. The four normal plants analyzed 
included two monoisosomics and two monotelodisomics. The 
partial fertile plant was monoisosomic.

• 17



Table 1. Definition of Terms (from Kimber and Sears, 1968).
Somatic

Term Symbol Chromosome
Nullisomic 20" 40

Monosomic 20" + 1" 41

Monotelosomic 20" + t 1 41

Ditelosomic 20" + t" 42

Monotelodisomic 20" + tl" 42

Monoisosomic 20" + i 1 41

Di-isosomic 20" + i" 42

Disomic 21" 42

# Definition
A plant with 20 homologous biva- 
lents or a plant deficient for 
one chromosome pair
A plant with 20 homologous biva
lent s and a univalent or a plant 
deficient for one chromosome
A plant with one chromosome pair 
represented by a telocentric mis- 
division product for one complete 
chromosome arm -
A plant with one chromosome pair 
represented by a homologous pair 
of telocentric chromosomes
A plant with one chromosome pair 
represented by a bivalent consis
ting of a complete and a telo
centric chromosome
A plant with one chromosome pair 
represented by an isochromosomic 
misdivision product for one com^ 
plete arm
A plant with one chromosome pair 
represented by a homologous pair 
of isochromosomes
A plant with the normal euploid 
complement of 21 homologous biva- 
lents
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The fertile monoisosomic plants had twenty normal 

pairs of chromosomes and isochromosome, a chromosome which 
has its two arms alike (20" + i'). Cells in one of the two 
monoisosomic plants sometimes showed a ring-of-four chromo
somes, which indicated the presence of a translocation.

The two fertile plants were monotelodisomic, having 
twenty pairs of chromosomes and a telocentric chromosome 
(a chromosome missing an arm) paired with its normal homo- 
logue (20" + t!"). Figures 2 to 4 show typical metaphase I 
plates, with the telocentric and its homologue pairing only 
at one end (arrow) . Together they form a nonsymmetrical rod 
bivalent. One of the monotelodisomic plants showed cells 
having an occasional chain-of-four involving the telocentric 
and its homologue.

The partially fertile plant was found to have twenty 
pairs and an isochromosome. A ring-of-four appeared in some 
cells. This plant therefore had the same chromosome number 
as two of the normal fertile plants.

It should be noted that although two types of aneu- 
ploidy were found in the - generation, their presence was 
not causing complete male sterility. An aneuploidy differ
ent from these two types would thus have to be associated 
with male sterility.
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2

Fig. 2

Fig. 3

Metaphase I Plate of a Mohotelodisomic 
Cell (2500X).

ms
Metaphase I Plate of a Monotelodi somic 
Cell (1400X).

Fig. 4. Metaphase I Plate of a Monotelodisomic 
Cell (1350X).
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msR Line F2 Generation

One hundred and twenty-three F2 plants from Groups 
3, 4 , and 5 were analyzed morphologically. Their pollen 
mother cells were studied cytologically. Table 2 lists 
these by their fertility and gives the number of plants 
having that chromosome number in each class. The arbitrary 
divisions of fertiles (F) with 85% or more seed set in the 
primary and secondary florets, partial fertility (PF) with 
15% to 85% seed set, and sterile (S) with less than 15% 
seed set were used to categorize the plants.

The fertile plants listed in Table 2 included forty- 
two plants having the normal twenty-one chromosome pairs.
Also present were thirty-three monoisosomics and twenty- 
four monotelodisomic plants. These two fertile aneuploid 
types are the same as were found in the msR F^ fertile 
plants.

The partially fertile plants include one plant with 
twenty-one chromosome pairs. Six other plants were monoiso- 
somic. One plant was di-isosomic, having two isochromosomes.

Sixteen male sterile plants were examined cytologi
cally. There were six ditelosomics (20" + t"), one monotel- 
osomic (20" + t 1), and nine nullisomics (20"). These 
aneuploids were different from those found in the fertiles. 
Also, no normal twenty-one chromosome pair male sterile



Table 2. msR Line F2 Cytology.

NOTE

F PF
21" 42 21" 1 20" 9
2 0 " + i 1 33 20" + i' . 6  20" + t" 6

20" + tl" 24 20" + i" 1 20" + t 1 1

The plants are grouped according to fertility = F = fertile, 
greater than 85% fertility. PF = partially fertile, with 
between 15% and 85% fertility„ S = sterile, with less than 
15% fertility. Numbers of plants with each chromosome 
number are listed.
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plants were found. This supports the possibility that 
aneuploidy causes male sterility.

The six ditelosomic male sterile plants looked 
nearly normal morphologically, although they were somewhat 
slower growing with slightly thinner stems and usually had 
shrunken anthers. Figure 5 shows a cell in diakinesis, in 
which two telocentric chromosomes are paired at one end 
(arrow), forming a small rod bivalent rather than the normal 
ring bivalent.

The monotelosomic plant resembled the nine nulldsomic 
plants in appearance, having thin stems, short stature, 
curled leaves, and large dehiscent anthers. Figure 6 shows 
a monotelosomic.cell in diakinesis, with twenty pairs of 
chromosomes and one small unpaired telocentric chromosome 
(arrow). Figure 7 is a nullisomic cell in diakinesis, with 
only twenty chromosome pairs.

Chromosomal differences were studied between a male 
sterile and its related fertile plants. Ten of the male 
steriles were compared to their sib plants which had been 
analyzed (Table 3). The other six F2 male steriles did, not 
have fertile sib plants.

The seven nullisomic male sterile plants studied had 
normal twenty-one paired fertile sib plants and monoisomic 
sibs. Thus the male sterile plants that were nullisomic 
must have lost either the isochromosome or a pair of
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Fig. 5

Fig. 6
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Diakinesis of a Ditelosomic Cell (850X).
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Diakinesis of a Monotelosomic Cell (900X)

-  > r"/ 1
u>r  "  ^7

Fig. 7. Diakinesis of a Nullisomic Cell (900X).
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Table 3. Comparison, of Male Sterile (ms) F2 Plants 

with Their Fertile Sib Plants (F).
( ) = number of plants.

ms 2 0 " . (7) 2 0 " + t" (3)
F 21" (3) 21" (4)

20" + i 1 (10) 20" + tl" (5)

chromosomes = The fertiles therefore contain more genetic 
material than their male.sterile sibs.

The sib plants of the three ditelosomic male ster- 
iles had either the normal twenty-one pairs or contained a 
telocentric chromosome paired with its normal homologous 
chromosome. Thus these fertiles also have more chromosomal 
material than their male sterile sibs.

The type of aneuploidy a fertile aneuploid parent 
passes to its progeny was examined. Three Group 2 F^ parent 
plants that had been analyzed previously were selected. 
Chromosome numbers of these were compared to their Group 3 
F 2  progeny taken from Table 2.

As seen in Table 4, the first plant, a monoisosomic 
(with a ring-of-four in some cells), had progeny that were 
also monoisosomic. Some rings-of-four were also present in 
the progeny. The second .monoisosomic plant produced monoiso
somic progeny as well as a nullisomic male sterile plant.
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Table 4. Comparison of Cytology with Parent.

The progeny of three Group 2 plants are 
related to their cytology.

Fl. 2 0 " + i ' 2 0 " + i ' 2 0 " + tl"

2 0 " + i ' (5) 20" + i ' (2 ) 2 1 " (3)

F 2 2 0 " (ms) (1 ) 2 0 " + tl" (1 )

The isochromosome was evidently lost in producing the nulli- 
somic. The monotelodisomic parent plant gave normal twenty- 
one paired progeny and a monotelodisomic plant.

Here it can be seen how one of the types of male 
sterile aneuploidy is inherited. The monoisosomic plant 
loses the isochromosome during meiosis, giving rise to (n-1 ) 
pollen and embryo sacs. Together these create a nullisomic 
plant that is male sterile. The ditelosomic male sterile 
probably comes from the monotelodisomic parent. The pollen 
and embryo sac would each contain twenty chromosomes and a 
telocentric chromosome. A monotelosomic male sterile could 
also arise from a monotelodisomic parent. A gamete with 
twenty chromosomes would combine in this case with one hav
ing twenty chromosomes and a telocentric chromosome.

The segregation of Fertile : Partial Fertile (if 
present) : Sterile in the seventeen Fg plant populations
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studied in the field are listed in Table 5. The six Group 6 

populations are categorized by their Group 2 parent chro
mosome number. The eleven Group 7 populations are listed by 
the type of aneuploidy found in a fertile sib plant analyzed 
from each population.

For those listed under monoisosomics, the range 
varied from 1.41 : 1 to 13.1 : 1. The monotelodisomic plant 
category had segregations from 8.7 : 11 : 1 to 83 : 2 : 1.
The segregation thus varied from a normal genetic ratio, 
depending on the percent transmission of the isochromosome 
or telocentric chromosome through the meiotic cells.

In the F2 generation, each of the male sterile 
plants observed had one of three types of aneuploidy, being 
either ditelosomic, monotelosomic, or nullisomic and was 
thus missing at least an arm of a chromosome pair. Most of 
the fertile progeny were either normal in chromosome number 
or were monotelodisomic or monoisosomic.

msR Line F3 Generation 

Group 8 Fg populations grown from the seed of 
Group 3 F2 plants having known chromosome numbers were 
screened for the presence of male steriles. The F2 parents 
consisted of twelve plants with the normal twenty-one chro
mosome pairs, three monotelodisomic plants, and three monoiso
somic plants. Aneuploid parent plants had greater numbers



Table 5. Segregation of msR Line Plants„

Actual
Ratio 20" + i'

Ratio with 
S=1

Actual
Ratio 2 0 " + tl'

Ratio 
with 8 = 1

VO

§*oM0

42:(3):5 , 
68:(5):15 
29:(1):11 
13:5 . . ,

.8.4:(0.6):1 

. 4.5:(0.3)si 

. 2.64: (0.09):1 

.1.44:1

83: (2) : 1 
41:2 . .

83: (2) : 1 
22.5:1

oM0

118:9 . .
257:(16):28 
87:10 . .
60: (6 ) : 33. 
84:50 . .
69:46 . .

13.1:1
9.1:(0.57):1 
8.7:1
1.94:(0.19)si 
1.68:1
1.41:1

146:8 . . .
83:6 . . . . 
222:19 . . . 
243:22 . .. . 
157: (2):18 .

18.25:1
13.8:1

11.7:1
11:1
.8,7: (0.11) : 1

NOTE: Ratios arranged F:(PF if present):S. A ratio is then given for S=1.
Plants of Group 6 are listed by their F^ parent chromosome number.
Plants of Group 7 are listed by the cytology of a fertile sib plant.
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of male sterile progeny than parent plants with the normal 
twenty-one chromosomal pairs.

The appearance of male sterile plants in a normally 
fertile line seemed to be a nonpredictable occurrence. Six 
of the twelve populations from 2 1 " parents examined in. 
the field did not have any male sterile plants. The other 
six lines with 21" parents (listed in Table 6 by F2 parent 
chromosome number) were pulled up by hand to get an accurate 
ratio. Three of these groups also had no male sterile 
plants, while the other three groups had only one male ster
ile each. The fertile : sterile ratios ranged from 35:1 to 
163 : 1.

The groups from monotelodisomic parents were pulled 
and gave ratios varying from 7.4 : 0=2 : 1 to 21.4 : 1 

(Table 6 ). One group contained one partially fertile plant.
Monoisosomic parent plants had progeny with ratios 

from 2.94 : 1 to 34.5 : 1. No partial fertility was found 
in these groups.

The ratios found in the Fg generations again did not 
fit a segregation expected for normal genetic inheritance. 
The appearance of male sterility depended on the type, of 
aneuploidy that was within the line.
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Table 6 . Segregation of msR Line F3 Generation

2 1 " 2 0 " + tl" 2 0 " + i 1
163:1 150:7 21.4:1 69:2 34.5:1
156:1 130:7 18.6:1 71:22 3.27:1
134:0 36: (1 ) :5 7.4: (0.2) : 1 100:34 2.94:1
103:0
61:0
35:1

NOTE: 'Values are arranged by F2 parent cytology. Ratios
given as F:(PF.if present):S. Second columns are 
adj usted to S=1 .

msR F2 X.MsR F1

The chromosome numbers of the Group 9 plants analyzed 
are listed in Table 7 according to their fertility. There 
were twenty-eight fertile plants, thirteen partial fertile 
plants, and sixteen sterile plants.

The fertile plants from this backcross contained the 
same kind of aneuploidy as was found in the F 2  generation. 
Twelve plants were monotelodisomic, eleven monoisosomic, and 
five disomic.

The ditelosomic and monotelosomic plants listed in 
the partial fertile group came from two crosses. The plants 
were thin, bent-stemmed with narrow, curled leaves and heads. 
These were unlike those ditelosomics found in the male
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Table 7. Cytology of msR Y2 X MsR .

F = fertile; PF = partial fertile? S = sterile. 
Numbers of plants with given chromosome number 

_____ ____ are in ( ) ._________   , ____ __________

F PF' S
2 0 " + tl" ' (1 2 ) 2 0 " + i ' (5) 2 0 " (6 )
2 0 " + i' (1 1 ) 2 0 " + t 1 (4) 2 0 " + t" (6 )
2 1 " (5) 2 0 " + t" (3) 2 0 " + t ' (4)

2 0 " + tl" (1 )

sterile group. The other partial fertile plants were also 
aneuploid, five being monoisosomic, and one being monotelo- 
disomic.

Again the same three types of aneuploidy found in 
the 7? 2  generation male steriles were also found in the male 
steriles of this backcross. The sixteen male steriles 
examined consisted of six ditelosomics, four monotelosomics, 
and six nullisomics. The ditelosomics of the group appeared 
normal morphologically except for shrunken anthers. The 
monotelosomics and nullisomics appeared less normal and 
usually had large dehiscent anthers.

F3 of Fertiles in msA and msB Lines

One male sterile plant appeared in the msA line, 
but no complete pol]en mother cells of this plant were
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analyzed. All of the twenty-nine fertile plants analyzed 
were monotelodisomic (20" + tl"). Fourteen of these plants 
also contained a chain-of-four in some of the cells, while 
two plants had a ring-of-four.

Two msB male sterile plants appeared in this plant
ing. One of these was analyzed and found to be ditelosomic, 
possibly containing a chain-of-four. The twelve fertile 
plants analyzed were a!3 monotelodisomic. Three of these
had a chain-of-four, two with a ring-of-four in some of the
meiotic cells.

The same type of aneuploidy in fertile plants 
appeared in the msA and msB lines as was found in the msR 
line. One of three types of aneuploid male steriles found 
in the msR line was also present.

F4 of Fertlles in msA and msB Lines 

The segregation ratios for fertiles to male steriles 
in the msA and msB F^ populations were very similar to each 
other and to the msR Fg ratios (Table 8 ). The Fg parents
of these plants were all monotelodisomic. MsA gave ratios
from 3:1 to 13.5 : 1 with no partial fertile plants. Again, 
the ratios do not fit a genetic inheritance pattern.
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Table 8. Segregation of msA and msB .

Ratios listed according to its line. Fg plants 
were .all 20" + tl". Second column adjusted to 

__________ms = 1 .________;____________  ;__________

msA msB
150:14 10.7:1 81:6 13.5:1
138:15 9.2:1 142:19 6.24:1
78:9 8 .6 6 : 1 88:13 6.77:1

123:15 8 .2: 1 131:21 6.24:1
105:13 8.08:1 170:29 5.86:1
129:17 7.29:1 144:26 5.54:1
167:26 6.4:1 103:19 5.42:1
115:18 6.39:1 70:14 5:1
1 2 0 : 2 0 6:1 131:27 4.85:1
110:19 5.8:1 79:20 3.95:1
113:20 5.55:1 60:20 3:1
72:13 5.54:1

1 2 0 : 2 2 5.4:1
1 1 2 : 2 1 5.33:1
93:18 5.16:1
53:11 4.8:1

124:27 4.59:1
93:24 3 .8 8 : 1
82:23 3.56:1
90:28 3.2:1
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Root Tip Analysis of msR, msA, and msB 

When the root tips of different progeny from crosses 
with the male sterile plants were examined, the telocentric 
chromosome was not always a true telocentric. In some cases, 
as illustrated in Figs. 8 and 9, there was a short arm, 
creating an acrocentric chromosome (arrow). In the meiotic 
cells of one of these plants, the chromosome appeared to 
form a small circle. This indicated the short arm might be 
a partial duplication of the other arm. Of the eighteen 
groups examined, ten had this type of chromosome. It 
appeared in all three male sterile lines, msR, msA, and msB. 
Figure 10 shows a spread with two telocentric chromosomes 
(arrows) and forty normal chromosomes.

The telocentric chromosome of the Group 8 plants of 
the msR F 2  X MsR F̂ - backcross in the partial fertile group 
(Table 7) appeared somewhat shorter than other telocentrics. 
This may indicate a difference between it and those of the 
male sterile group. The isochromosome was also relatively 
shorter than telocentrics of the male steriles. Thus, the 
arm involved in the isochromosome may also be different from 
the telocentric chromosome found in the male sterile plants.

From this examination of root tip cells, the plant's 
fertility was predicted. Ditelosomic, monotelosomic, and 
nullisomic plants were anticipated to be male sterile.
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Fig. 8

Fig.

Mitotic Metaphase of a Cell with a Small 
Acrocentric Chromosome (Arrow)(1050X).

X i>
x/<

t
?. Small Acrocentric Chromosome (Arrow) 

in Mitotic Metaphase (2000X) .

%

10

Fig. 10. Mitotic Metaphase of a Ditelosomic 
Cell (1000X).
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Fertile or partial fertile plants were expected from di
somies, monotelodisomics, and monoisosomics.

The seven plants predicted to be male sterile were 
indeed male sterile, as the fifty-six anticipated fertile 
plants were found to be fertile. The plants containing the 
ditelocentric pair from the partial fertile parents of the 
Group 8 backcross were also partially fertile.

By knowing the chromosome number and the type of 
aneuploidy present, it was therefore possible to predict 
fertility. This supports the hypothesis of the relation
ship between aneuploidy and male,sterility.



CHAPTER 5

DISCUSSION

Examination of Tables 2 and 7 reveals that all the 
male sterile plants studied were one of three aneuploid 
types. The most normal looking male sterile plants were 
ditelosomic. They contained a pair of telocentric chromo
somes which synapsed during meiosis. Monotelosomics were 
also present and less normal in morphology. The most abnor
mal male sterile plants were nullisomic, lacking a complete 
chromosome bivalent.

An hypothesis to explain the male sterility is sug
gested from the above observations. One or more genes 
affecting the fertility of the pollen are located on the 
arm which is missing from the telocentric chromosome. Thus 
a ditelosomic plant, missing this arm on both homologous 
chromosomes,is lacking these genes for viable pollen. The 
plant would be male sterile. The presence of the other arm 
of this chromosome may be why the plant is morphologically 
near normal in its appearance. The monotelosomic plant, 
having one telocentric and missing its homologue, is also 
missing the gene or genes and would also be male sterile.
The plant would be less normal in appearance due to the 
genes on the telocentric being represented only once. The

37
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nullisomic is missing the fertility gene or genes in addi
tion to lacking the arms and genes of the telocentric chromo
some. This may cause the abnormal morphology of these 
plants. The normal looking monotelodisomic plants, contain
ing the telocentric and its normal homologue, are fertile.
The arm containing the fertile gene or genes is represented 
by the chromosome homologous to the telocentric chromosome.

Two basic anomalies can be found in the data. There 
is a group of plants which are ditelosomic, yet semi-fertile 
and abnormal in overall appearance (Table 7). These plants 
were found in the msR line. Cytologically, the ditelocen- 
tric bivalent appears smaller than those found in the male 
steriles. This telocentric may have the arm absent that is 
present in the male sterile telocentric chromosome or it may 
be a totally different chromosome from the telocentric.
Also found in the msR line were fertile or partially fertile 
monoisosomic plants. This isochromosome could have the 
other arm of the chromosome represented by the male sterile 
telocentric containing the fertility genes. This suggestion 
is supported by data showing that the only male sterile pro
geny from monoisosomics were those which had lost the iso- 
chromosome, the nullisomics. More study is needed on these 
chromosomes in order to definitely identify them.
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The varying segregation ratios of male fertile to 

male sterile can also be explained by the above hypothesis. 
It is known that the univalent, the telocentric chromosome, 
and the isochromosome do not have complete transmission 
through one or both gametes. Driscoll (1966) found only 8% 
transmission of telocentric chromosomes through the male 
gamete. Mettin (1972), on the other hand, reports that a 
telocentric was transmitted through the male gamete two to 
three times more frequently than through the female gamete. 
Sears (1953) reported that, for a monosomic plant, 75% of 
the female gametes favor the twenty chromosome condition 
over the twenty-one chromosome condition. The male gametes 
had only 1 to 10% with twenty chromosomes. Sears (1952) 
also reported that a monoisosomic plant gave 26.4% gametes 
with twenty chromosomes, 43.6% with isochromosomes, and 3.0% 
with telocentric chromosomes. These observations lead to 
the conclusion that since the telocentric is not transmitted 
through the gametes completely, one would not expect a typi
cal 3 fertile to 1 male sterile ratio.

In all three lines, the mechanism of male sterility 
has been shown to be the same. This leads to the conclusion 
that all three lines were actually the same event, discovered 
on three separate occasions. The telocentrics seem to be
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the same type cytologically, but intercrosses between these 
lines have not been examined to see if the ditelocentfics 
pair during meiosis.

The identity of the telocentric chromosome has not 
yet been determined. One way of accomplishing this is by 
comparing the description of the various nullisomics and 
telosomic plants listed by Sears (1954) for the variety 
Chinese Spring to those plants of msR, msA, and msB. One 
could then cross the male steriles with three or four mono- 
somic lines set up by Sears. By observing meiosis cytologic- 
ally, one could search for pairing between the unknown 
telocentric and the known monosome.

Although these male steriles involve aneuploidy, 
they can still be useful in plant breeding. As with a true 
genetic male sterile, fertile plants are harvested and 
their F2 seed planted. Plants with favorable characters are 
selected and crossed onto the F2 male steriles. This can be 
done recurrently until the needed results are obtained.
Plants are then selected and their seed grown. From these, 
populations that are not segregating for male sterility are 
selected, since these should be normal 21" plants. Thus, 
the only difference between this and a genetic male sterile 
is the total number of male steriles available in a popula
tion.
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If a true genetic male sterile is. desired, it may 

be possible to obtain one using these lines. The fertile 
monotelodisomic seed could be treated to induce genetic 
mutations. This seed is planted and male sterile plants 
are sought. These plants should be those in which the fer
tile gene or genes on the normal homologue of the telocen
tric have undergone mutation, causing a male sterile plant 
in the generation. This plant could be crossed with 
normal twenty-one paired wheat. The seed is then grown and 
harvested. The F2 is planted and examined for male steriles 
which have twenty-one pairs. This genetic male sterile 
could then be used in breeding in the usual manner. The 
largest problem in producing the. genetic male sterile would 
be crossing enough male steriles to get a large number of 
F^ seed to mutate.



CHAPTER 6

SUMMARY

Male sterility, found in three lines of the bread 
wheat cultivar Siete Cerros (Triti'cum aestivum L.) , did not 
segregate in a typical 3 male fertile : 1 male sterile gene
tic ratio. These lines also contained aneuploid plants.
The relationship between male sterility and aneuploidy was 
therefore studied.

The F^, Eg, Eg, and backcross populations of the 
msR line and Eg and generations of msA and msB were grown 
in the greenhouse and the field. Pollen mother cells from 
plants of these groups were examined cytologically for 
meiotic configurations and chromosome number. Root tip cells 
were studied for mitotic characteristics.

The fertile plants of these lines were found to be 
disomic, monotelodisomic, and monoisosomic in chromosome 
number. The male sterile plants, however, were ditelosomic, 
monotelosomic, and nullisomic.

It is hypothesized that the missing arm of the chromo
some represented by the telpcentric contains one or more 
genes necessary for fertile male gametes. This arm is mis
sing in the male sterile plants.

42
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Segregation ratios of msR and populations and 

msA and msB F^ populations varied, depending on the trans
mission of the telocentric chromosome or isochromosome.

MsR, msA, and msB are probably the same type of 
male sterile found on three separate occasions. They can 
be used like genetic male steriles in wheat breeding. 
Although they segregate for male sterility in a ratio great
er than 3 fertiles : 1 male sterile, the missing arm behaves 
like a recessive gene.
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