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ABSTRACT

Honosomic analyses of two homozygous, temperature sensitive
dwari lines were made by crossing each to the complete monosomic

series of the varieties Rescue and Chinese Spring.

The two dwarfs Marquillo-Timstein and Marquillo-Kenya Farmer
were found to carry major dwarfing genes in chromosomes 24 and 2D
in the case of the former and on chromosomes 24 and 4B in Marquillo-
Kenya Farmer. Each was found to be influenced by several modifying
genes, some of which appearsto affect the temperature sensitivity of
the hybrid. The major difference between the two dwarfs appear to

be due vo chromosome 4B,

Study of helght variation within each of the deficilent F2
populations revealed that height inheritance is more complex than
Bgrass clump® dwarfism and that the majority of chromosomes that
influence dwarf frequency alsc influence the height variance in the
normal portion of the F2 population. In addition, however, there
are several chromosomes which influence plant height but are not
involved in the inheritance of dwarfism. This would indicate that

eilther some genes have a pleiotropic effect or else the inheritance

of height and fgrass clump! dwarfism are seperate characteristics.
Intercrosses between the above dwarfs and the semi-dwarf var-

ieties Sonora 64, Norin 10 and Tom Thumb showed that these new

lines are very different from the others in mode of inheritaﬁce and

that they may be of value as sources of germ plasm in the production

of new dwarf varieties.
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INTRODUCTION

The occurrence of dwarf plants in intervarietal wheat hybrids
was first reported in 1898 by Farrer (10). In the subsequent period
many such reports have been recorded especially during the course of
disease resistance studies.

)/

In the course of the genetic investigationson dwarfism, plant
breeders and geneticists recognized the ability of dwarfs to with-—
stand lodging even under conditions of very high fertility and
irrigation. This attribute has become particularly important in

recent years with the advent of more intensive production.

Commercial interest in dwarf varieties developed in the early
1950%s in Washington State in the United States (45,46). Since then
they have become the basis of extensive Rockefeller Foundation wheat

programs in North and Latin America.

The genes for dwarfism in almost all present semidwarf var-
ieties were derived from the ®Norin 10" variety or its derivatives.
The fact that this source of dwarfism is recessive and complexly
inherited has stimulated attempts to locate other sources of dwarfism
that would be equally productive and easier to utilize in wheat
breeding programs.

Two dwarf lines have been produced at the University of Manitoba
which are dominant and temperature sensitive. The present project
was undertaken with the object of studying the mode of inheritance of
dwarfism in these lines and to study their genotypic relationship with

those of Norin 10, Sonora 64 and Tom Thumb.

1



REVIEW OF LITERATURE

Many plant breeders and geneticists have recorded the
occurrence of different types of dwarfs in wheat, including "grass
clumps*. The first such report was by Farrer in 1898 (10). He
speaks of M"grass clumps" which tillered profusely but rarely produced

heads.

Neethling (19) first attempted to account for the occurrence of
dwarfism on the basls of a one factor hypothesis. In a cross of Rieti
x Gluyas Early, he obtained only normal Fl plants and 8 dwarfs in a
total of 31 FZ plants. He considered dwarfing to be controlled by a
single recessive factor. He later re-examined his material and
suggested a multiple factor hypothesis! including an inhibitor factor

to account for the genetic behaviour (20).

Sax (26) in the reciprocal crosses of Bluestem x amby obtained
grassy dwarf Fl plants. The failure of these plants to develop beyond

the rosette stage was ascribed to a lethal or inhibitor factor.

A large number of investigators have explained dwarfism on

the basis of two interacting genetic factors.

In a cross of Kota x Marquis, Hayes and samodt (13) obtained
an F2 ratio of 666 normals to 121 dwarfs or a 13:3 ratio which indi-
cated that two factors were involved. They assumed that one of the
parents contained two factors, a gene D dominant for dwarf habit, and

I which inhibits the expression of the dwarf factor whereas the other

parent possessed the recessive alleles.




Goulden (12) studied the F, of this material and confirmed

AN

the results. In the same cross Clark and Quisenberry (7) obtained
the same results and assumed a factor, DD, for dwarfism and a factor,
NN, for normal plants which inhibits the action of D. Xota was
assigned the genotype DDNN and Marquis ddnn.

x

Stephens (38) studying the cross Federation x Master,
Stewart and Tingey (40) with the cross iMarquis x Federation and Clark
and Hooker (6) with the cross Marquis x Hard Federation all arrived
at similar two factor explanations.

Others with similar results include Stewart and Bischoff
(39), Waterhouse (48), Churchward (5), Nieves (21), Tingey (43) and
Tanaka (41).

Thompson (42) reported results from the cross Pusa 12 x Chul.

The I, 's were dwarfs, bubt they produced some seed and the cross was

1
carried through to the Fh° By combining with the dwarfs 150 seeds
which failed to germinate in the F,. he obtained the ratio of 181

2

dwarfs to 115 talls which fits the theoretical ratio of 39:25. He
explained this on the basis of three factors D, I and E. D being
necessary for the deveiopment of dwarfs, I inhibits D, and E inhibits
I. Hence plants of the coumstitution of E~-I-~D, E-iiD- and eelib-
were dwarf and all others were normal. The above hypothesis is
supported by the work of Goulden (12) who demonstrated that Chul
carries a dwarf factor and an irhibiting factor. The other parent

must carry the factor L which inhibits the inhibitor I of Chul.
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Florell (11) studied ﬁhe inheritance of dwarfs in the F,
and backcrosses of Jenkin x Quality and Jenkin x Marquis. He explained
the results on the basis of a three factor hypothesis, two dominant
factors Dl and D2 being complementary for dwarfing and N, a factor for

normal growth which was dominant to D1D2' Quality and Marquis were

assigned the genotype nndldldde and Jenkin NNDlDlD2D2°

In a genetic study of plant height by Everson et al (9) dwarf
plants appeared in the F2 progeny of the semi-~dwarf selection (Norin 10 x
Brevor 14) x Burt and in the backcross of the Fy to (Norin 10 x Brevor
14). The data indicated that the parents differed by two genes, a
factor I for normal height which inhibits a dwarfing factor D. At
the same time Norin 10 x Brevor - 1978 which is a sister selection of
Norin 10 x Brevor 14, produced all dwarf Fl plants when crossed with
Burt. To account for the appearance of dwarfs in the latter cross
Burt was assigned the genotype (DDIILee), Norin 10 x Brevor 1978 (ddiiEE) and

Norin 10 x Brevor 14 (ddiiee).

The most comprhensive conventional genetic study on dwarfism
was conducted by McMillan (18). Ninety-seven varieties were used in
the investigation and 945 crosses studied. He obtained the following
types of result: Fl dwarf and 7 normal to 9 dwarf in F2, Fl dwarf and
0 T normal and 13 normal to 3 dwarf in F2°

Because of the varying ratios found in the F

34 normal to 30 dwarf in F., F

5 and F3’ it was impossible
to arrive at an explanation which would satisfy all situations.

Therefore he proposed a hypothesis based, first of all, on the presence



or absence of grass clumps in the ¥, and F2 without regard to

the ratiose.

The hypothesis involves four genes: G, a gene for the grass
clump habit, I which inhibits the expression of G and 4 and B which
act in complementary way to inhibit the inhibitor I. In addition,
it was proposed that Bi and bl were closely linked in repulsion.
According to this proposal only genotypes ABig, AbIG, abIG, aBig,

AbIg and ablg could exist in nature as normals. The different types

Iy

of grass clumps produced are determined by modifying genes, some

which modify the grass clumps to such an extent that under adverse

iy

o
conditions their viability is very low. The same genes do not affect
the viability of normal plants.

Mciillan extended his hypothesis to the data of Waterhouse
(48), Richardson (24,25), Waldron (47), Goulden (12), Florell (11),
and Thompson (42) and when cértain assumptions were made concerning
the semi~lethality of dwarfs, their data fit his hypothesis.

Three complementary factors, DlDZDB and three duplicate factors

Dr. Dt D?3 and an inhibitor, I, have been used by Pao et al (23) to

172 -
account for dwarfness in several crosses of wheatb.

Hsu gt al (15) made crosses between five spring wheat varieties.
The Fl plants of Kenya 338 crossed to (Na 101l-Timstein x Mayo), Frontana
and Marquis and of Timstein crossed to Frontana and Marquis, were less

than I foot in height. 411 segregated in the ratio of 9 dwarf: 7 normal



in F2° They postulated that dwarf habit was determined by the
interaction of two of four factors, 4, B, C and D. teraction
between 4 and C, 4 and D and B and D resulited in dwarf habit whereas
the remainder were normal. The varieties were assigned the following

genotypes: Kenya 338-Adbbecedd, Timstein-aaBBcedd, Na 101~Timstein x

Mayo~aabblCdd, Frontana and Marquis-aabbeclD.

It was suggested that the four factors may have originated
from the three different genomes with two of tThem which produce

dwarfism belonging to the same genome.

Aneuploid studies have been undertaken to supplement informa-

tion obtained from conventional studies.

Hurd and McGinnis (16) studied crosses between the Redman
monosomic sesries and Kenya Farmer and found that all 42-chromosome
Fl hybrids and all 4l-chromosomne Fl plants, except those in which

Redman 24 (XIII) or 4B (VIII) were lacking, were grass ciump dwarfs.

It was concluded that at least three complementary dominant
genes are responsible for dwarfing in this cross and that the absence
of any one of these genes allows normal plant growth. Two of these
genes were located on chromosomes 24 and 4B of Redman, the third being

in Xenya Farmer.

Hernsen (14) has assumed there are three genes for dwarfing:
5 and D3 which produce the same #dwarfing substance® but vary

as to the quantity of substance produced. He has localized genes Dl



and D, in the variety, Timstein, on chromosomes 2D and 4B and on

3

the basis of the results of Hurd and McGinnis (16) assumed D2 to

be on chromosome 24. He stated however, that the inheritance of
dwarfing in whealt is presumably more complicabted in view of McMillant's
and others datz.

In recent years great emphasis has been placed on the develop-~
ment of semi~dwarf wheat varieties (3,45,46). Widespread use has
been made of the semi-dwarf trait found in the Japanese variety
NWorin 10. 4llan et al (2) recently reviewed the information avail-
able on the inheritance of semi-dwarfism from this source. According
to thelr review, there are 1 or 2 major genes, partially recessive
in expression and several modifying factors which in combination
with the semi-dwarfing factors produce a wide range in culm length.
HMonosomic analysis, by Allan and Vogel (1) indicated that eleven
chromosomes influenced culm length in crosses of the Chinese Spring
monoscmic series x the semi-dwarf variety Norin 10-Brevor lhi. Iu
the monosomic condition, absence of all members of homoeologous
group 5 produced greater culm length, whereas the absence of 2 members
of group 3 (34 and 3D) and all members of groups 2 and L resulted in
shorter F2 culm length. Of the 5 F2 monosomic populations which
produced the shortest mean culm length, three were members of the D
genome. The suspected 2 major semi-dwarfing factors in Norin LlO-

Brevor 14 have not been definitely located, dthough it is suggested

that these factors may be located on chromoscmes 24, 2B, 3D, or LB




of this variety.

It can be concluded from the present literature review that
many varieties which produce dwarfs upon crossing can be traced to
a common ancestor, and that many crosses which produced dwarfs

were originally made in attempts to transfer rust resistance.

The majority of investigators explained their results on
a two gene basis, although 1, 3 and 4 gene hypothesis have been
advanced involving complementary gene systems interacting with
inhibitors.

The most comprehensive concept was proposed by McMillan
§18) which involves 4 interacting genes, however it too requires

certain unusual asswnptlons to account for all situations.

Anesuploid studies confined to grass clumps have indicated
3 genes on chromosomes 24, 4B and 2D influence this character.
<o 2
On the basis of conventional genetic analysis it appears that the

inheritance of dwarfism involves more than 3 genes.




MATERTALS AND METHODS

The aneuploids in common wheat developed by Sears
(27,28,29,30,34,35) have made it possible to identify chromosomes
having genes responsible for the control of specific characters.
Sears (32) outlined four methods of associating specific genes with
individual chromosomes. The most commonly used technique involves
the analyses of chromosome deficient hybrid lines. In this method
the 21 nullisomic or monosomic lines of one variety are sach crossed
to another variety cérrying the opposite allele(s) for the character
being studied. Deficient lines that produce modified F2 and F3
segregations are regarded as critical with respect to the genetic
control of the character in question. This technique has been used

in studying dwarfism in this project.
MATERIALS

Monosomic series in the varietiles Chinese Spring and Rescue
were used. These series were produced by E. R. Sears (31) and R. I.
Larson (17) respectively. The Rescue series was produced from
Chinese Spring by means of backcrossing. Chinese Spring is a soft
red spring wheat and Rescue a hard red spring wheat. Both are tall
growing varieties. The dwarf lines used as parents were advanced
hybrids produced at the University of Manitoba namely: a Harquillo-
mimstein derived line which is short growing (20-25 inches) under
normal conditions but which is temperature sensitive and will not

. s : e , . 0.,
head if grown continuously under low temperatures (60°F) and a




o

Marquillo-Kenya Farmer derivative which is a grass clump dwarf
that will not head under normal growing conditions but will elongate

ey am L - o,
and head if grown under continuous light at 80°F (4,8).

Ten seeds of ecach of the 21 monosomic lines of Rescue and
Chinese Spring were germinated on filter paper in germination boxes
at room temperature. ool tips were collected and cytological
examination made as described by Tsunewaki and Jenkins (L4). Only
the L4l chromosome plants were retained and transplanted into pots
in growth chambers. These were used as female parents in crosses
to the two dwarf lines. In addition each dwarf line was crossed
reciprocally to disomic Rescue and Chinese Spring. Chromosomes
were designated by the system outlined by Sears (33) and further

clarified by Okamoto (22).

The following disomic crosses were also made and studied

in order to compare their genoiypes relative to dwarfism:

1. Marquillo-Timstein x Sonora 6k
2. Marquillo-Timstein x Norin 10
3. Redman x Federation

le Redman—Federation x Sonora 6l
5. Redman-Federation x Norin 10
6. Sonora 64 x Norin 10

7o Tom Thumb x Redman-Federation

8. HMarquillo-Timstein x Tom Thumb
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9. Tom Thumb x Sonora 6l

10. Tom Thumb x Norin 10

Sonora 64 is a semi-dwarf, Mexican variety which has dwarfing
genes from Norin 10. Norin 10 is a semi-dwarf-winter variety, intro-
duced from Japan. Redman-Federation is an advanced generation dwarf
derived from the cross Redman x Federation which segregated for tall

and dwarf plants in the F_ generation. Tom Thumb is a dwarf, late

2

winter wheat.

GROWING THE Fq

L. Iionosomic series x Marquillo-Timstein

Up to twenty Fl plants of each monosomic hybrid line were
checked for chromosome number and the 41 chromosome plants grown
to maturity. In cases where counts were not determined in the Fl,
six F2 brogeny were examined cytologically, if sll were disomic the
parent was regarded as disomic. All monosomic and some disomic

by

1

F” plants of each chromosome line of Chinese Spring and Rescue mono-
somics x Marquillo-Timstein were transplanted into the greenhouse
beds in soring of 1964, In addition, the disomic parents and the
Fl of thelr reciprocal crosses were planted for comparison. When
the heading of the Fl hyorids began, young spikes were collected and
fixed in Carmoy?s solution. The pollen mother cells were examined

at metaphase by means of the acetocarmine smear technique (36).

2. Monosonic series x Marguillo-Kenys Farmer

Since the grass clump phenotype proved to be dominant the Fl
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generation was grown in a growth chamber ai 80°F with continuous
light. Simultaneously, one monosomic plant of each of the 42 hybrid
lines plus Fl disomic hybrids and parents, were grown under normal

greenhouse conditions,

3. Disomic F. Hybrids

.y

A1l other intervarietal Fl hybrids were grown in the greenhouse.

GROWING THE F

~

1. Monosomic series x Marquillo-Timstein

The F2 populations were all grown in greenhouse beds, during the

period of September 1964 to January 1966. The Fg populations of each

line were derived from at least three monosomic Fl plants. The popu-

lation size of the Rescue x lMarquillo-Timstein F2 monosomic lines

varied from 98 to 205 plants, and a population of 606 disomic F. plants

2

were grown simultaneously. The F2 populations of the Chinese Spring
monosomic series x Marquillo-Timstein varied from 100 to 245 plants,

and the disomic population contained 733 plants.

2. Monosomic series x Marguillo-Kenya Farmer

The population size of F2 lines of Chinese Spring and Rescue x

Harquillo-KXenya Farmer ranged from 58 to 214 plants. The disomic Fy

populations were 568 and 870 plants respectively.

5. Disomic F_ Hybrids
~
417 F2 populations derived from the disomic crosses (except Redman
Federation x Norin 10 and reciprocal and Sonora 64 x Norin 10) and F3

families of the Rescue monosomics x Marquiilo-Timsteain were grown in
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the field in 1965. The F2 seeds from the crosses involving the
winter varieties, Tom Thumb and Norin 10 were vernaliged at tem-

2nQ 0 . . s o
peratures of 32 -35F for 8 weeks prior to planting. Before harvest

the height of all plants in segregating families was measured or the

number of tall and dwarf plants counted.

Sixteen hours of light per day were provided for material grown
under greenhouse conditions. The temperature of the greenhouses was
set at 60°F for the Rescue x Harquillo-Timstein F, series, and 65 to
7OOF for all other material. Iildew was controlled by sulphur dusting
and red spider and aphids were controlled by spraying with Meta=-

Systox 250,

ANALYSTS OF THE Fl AND F2

4t maturity, height of all plants in the Fl and F2 populations
was measured. In the Fl generation of the monosomic crosses all
spikes of the main tillers were used for fertility determinations.
The spikelets of the two lower internodes of the spike were disre-
garded and the fertility of the plant was recorded as the percentage
of seed set in the next 20 spikelets. The F2 generagtions from the
crosses with both monosomic series and Marquillo-Timstein were classi-
fied into three classes; non-heading dwarf plants, late heading dwarfl
plants and normal plants. The F2 population of the monosomic series

crossed to the grass clump parent, Marquillo-Kenya Farmer, were classi-

fied into two classes: grass clump and normgl plantsa.
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Two discrete categaries, dwarfs and talls, were used in the
chi-square test of goodness of fit to genetic ratios. Individual
plants progenies that seemed to deviate from one another with regard
to segregation were tested for homogeneity (37) before they were
pooled. Height measurements of the Fl and F2 normal plants were

}r

recorded to the nearest centimeter. Measurements were made from

the crown to the tip of the spike of the longest tiller of each
plant. Average height per line was determined for the Fl and F2
vopulations. Height classes were established at intervals of 3 cm.
The number of plants in each interval was recorded in percentage.
Heignt distribution pattern was also determined for the F2 of all
other disomic crosses except Redman x Federation, Senora 64 x Tom

Thumb and Redman-Federation x Tom Thumb.

The mean and standard error were computed for the height of
all headed plants of each F2 monosomlic line of Rescue and Chinese
Spring x Marquillo-Timstein, Chinese Spring monosomics x Marquillo-

Kenya Farmer, their respective F, disomic populations and the parents.

2
mm 1 > < Al . 3 el . o > i L |
The height differences, between each BP monosomic line and the
comparable F2 disomic population were tested for significance by

means of the "t test. Host calculations were made by computor in

the Engineering Department, the University of HManitoba.



RESULTS ANWD DISCUSSION

¥y MONOSOMIC ANALYSES

1. P, HMONOSCMIC HYBRIDS WITH MARQUILLO-TIMSTEIN

1
L

In the hybrids of the Rescue monosomic series x Marquillo-
Timstein a ring of four or a chain of three was regularly present
indicating that they differed by a reciprocal translocation. The

Fl hybrids of the Chinese Spring monosomics x Marquillo-Timstein
gave regular chromosome pairing, except for a few cases where two

univalents were present at the metaphase plate.

The average height of the disomic Fl hybrids (Table 1) was
83.1 cm as compared to 102.7 cam for Rescue and 53.2 cm for Marquillo-
Timstein, indicating a partial dominance of the tall genotype. The
average height of the Fl monosomic lines ranged from T5.4 cm to
95.1 cm, the shortest being 33, followed by 1B,28 and 7B with all

nd

other lines being similar to or taller than the rl disomice.

The fertility of all monosomic lines except 14, 2D and 7D was
below that of the disomic Fl populations. The greatest sterility

occurred in 24, 2B, 3B, 4B, 6B and 4D.

-

Partial dominance of tall habit was also recorded in the bl from
the cross of the Chinese Spring monosomic series by Marquillo-Timstein
(Table 1). The average height of the Fl disomic hybrid was 10L4.3 cm
and Chinese Spring and HMarquillo-Timstein 118.7 cm and 72fl cm

respectively.

15




TABLZ L. Average height and fertility of Fq monosomic
and disomic lines from crosses between the two
monosomic series and Marquillo-Timstein.,

Rescue x Marquillo-Timstein Chinese Spring x Marquillo-Timstein

Height No. of PFertility Height Nosof Fertility
Line e Plants % cm Plants %
14 95.1%2.9 8 92.3 85.9 £ 2.1 10 91.6
24 BR.2 - 2.8 4 3545 92.9 ¥ 1.8 7 56
34 9h.7 % 4.0 5 80.0 96.7 £ 1.6 14 8.9
b 87.1%31 10 77.3 9. 1. 4 66.1
54 89.0 T 0.7 13 69.6 97.9 = 2.6 7 8.6
64  85.2 = 1l.2 15 80,6 88.5 = 17 10 93.5
4 8L.0 = 0.9 16 82.4 96.2 = 2.1 7 93.3
1B 79.: 3.0 18 75.2 97uh = ko2 4 53.3
oB 79.5 1.1 I, 65.0 871518 10 L8 .5
3B 5.4 L 2.1 15 23.9 89.3 ¥ 2.2 6 55,5
L3 8L.9 T3.6 1l 6ly.1 91.0 £ 5.3 4 29.6
58 90.3 2.7 9 75.0 90.5 £ 3., 4 59.3
68 83.5 L 2.6 12 50,0 93.7 £ 1.3 13 39.5
78 79.9 T 1., 17 68.1 96.3 = 1.8 7 687
1D 85.1 £3.2 10 85.3 102.9 £ 1.9 g 7h..3
2D 89.8 1.4 o 96.9 89.3 = 4.0 3 57,2
30 83.4 F 3.0 6 75.0 92.1 T 1.8 15 7245
LD 92.6 1.0 10 56,9 96.7 X 1.8 15 5449
5D 8L.0 T 2.3 17 86.5 93.3 £ 2.7 6 83.7
6  aL.8Ta.0 16 §5.2 91.4 = 2.6 5 96.3
7D 82.0 T 2.0 5 89.6 85.6 T 3.3 5 87.6
Disomic o -
F1 83el = 2.9 12 89.1 1043 = 2.1 20 96.7
Tall 102.7 = 1.9 20 93.0 118.7 = 3.8 10 99.2
Parent

Dwarf 53.2 %
Parent

20 86,8 72.1 = 1,2 1L 85.5

“I
o
®
-
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In this series lines 1A, 5A and 2B are not comparable with the
others since they were not grown simultaneously. The mean height of
thé other 18 Fl monosomic lines varied from 88.5 cm to 102.9 cme. The
shortest lines were: 6A, 2B, 3B, 2D and 7D. Only line 1D attained the
height of the normal Fl population. The fertility of the Fl monosomic
lines was generally lower than the disomic Fl population. The lowest
fertility occurred in lines 24, 1B,2B, 4B, 6B and LD agreeing with the
results from the Rescue x Marquillo-Timstein series (Table 1). The
decreased fertility in homoeologous group 2, agrees with.Sears (31)

results with monosomics of Chinese Spring.

2. F

1 MONOSOMIC HYBRIDS WITH MARQUILLO-KENYA FARMER

Marquillo-Kenya Farmer used as a male was grown in a growth
cabinet at 80°F with continuous light. It was found that under these
conditions the flowering period was extremely short and the anthers
usually dehisced within the glumes making crossing very difficult. To
overcome this problem the following precautions were taken: (1) plant~
ingof Marquillo-Kenya Farmer were made every 10 days until all crosses
were completed, (ii) each plant was transferred, one day before flowering,
to a greenhouse or growth cabinet at 7OOF with a 16 hour day. Although
subsequent growth of young tillers was arrested under these conditions,

the flowering period was extended and more abundant pollen was cobtained.

It was observed, both with the Marquillo-Kenya Farmer parent and
with the Fl of the monosomic series x Marquillo-Kenya Farmer that the

best growth, and seed production was obtained when single plants were
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grown in 4 inch pots, this prevented excessive tillering and caused
more rapid development of the main tillers resulting in greater
height and longer spikes. The Fl hybrids from the monosomic serlies x
Marquillo-Kenya Farmer showed a complete dominance of the grass clump
character. This was proven by growing one monosomic Fl piant, from
each of the 42 crosses in the greenhouse at 7OOF, with disomic Fl
and parental plants. The monosomic Fl hybrids under these conditions
were grass clumps which tillered profusely, failed to head and often
died before the parental non-dwarf plants flowered. This genetically
controlled specific temperature requirement for normal growth seems
to differ with the stage of growth. The loss of a portion of the Fl
hybrid population of the Chinese Spring monosomic series x Marquillo-
Kenya Farmer as a result of a temperature fluctuation from 70—800F for
L days in a growth cabinet caused by failure of the temperature controll-
ing system supports this conclusion. Plants at the heading or near
heading stage at that time ceased growth and never resumed growth
after the temperature was returned to 80°F. The plants in which the
spikes had already emerged from the sheaths ceased their growth but
flowered and produced some seed. In other plants the spikes were
formed but failed to emerge from the sheaths. After growth ceased the
plants gradually became necrotic and soon died.

The high temperature requirement does not seem to be as critical
in the seedling stage of growth in that the Fl plants of one series were
transplanted from the germination boxes to pots and kept in the greenhouse

for 10 days before being transferred to the hot growth cabinet. These




19

plants grew and headed normally.,

The height of Rescue monosomics x Marquillo-Kenya Farmer Fle
ranged from 45.5 cm to 63.3 cm as compared to 57.4 cm for the disomic
Fl plants (Table 2). The shortest lines were 24, 2B and 7D which were
slightly shorter than the Marquillo-Kenya Farmer parent. The fertility

of all F. monosomics was less than the Fl disomics, the lowest being

1
24, 2B, 4B and 4D.
The height of Chinese Spring monosomics x Marquillo-Kenya Farmer

F. ranged from 49.5 cm to 6L4.h cm as compared to 58.9 cm for the disomic

1

F. sibs. The F, means of 3B, 6B, 2D and 3D were the shortest and similar

1
to the Marquillo-Kenya Farmer parent. The fertility of most lines was
higher than in the corresponding lines of the other series, the least

fertile lines being 2B, 4B, 6B and 2D.

On the basls of Fl results chromosomes of homoeologous group 2,
lines 3B, 3D and 7D appear to be involved in the inheritance of height.
Fl lines deficient for chromosomes 3B are short in all four crosses

whereas lines deficient for chromosomes of homoeologous group 2 are short
in six cases.

With respect to fertility all four crosses are similar in that
lines deficient for chromosomes 24, 2B, 4B, 4D and 6B were among the

least fertile.



20

TABLE 2. Average height and fertility of Fj monosomic
and disomic lines from crosses between the two
monosomic series and Marquillo-Kenya Farmer.

Rescue x Marquillo-Kenya Farmer Chinese Spring x HMarquillo-Kenya

Height Hoe of  Fertility Height Noe of Fertility
Iine cm Plants A cm Plants %

14 569 t. 6 77.6 56,1 = 2.8 4 78 .4,
24 W55 L4500 6 19.8 0.3 %65 3 The5
38 550 %06 9 58.0 59.9 L 2.5 12 83.4
LA 2.9%15 g 60.7 61.8 £ 2.3 6 92.1
54 59.2 =21 8 6lyo7 by T 1.9 11 7347
6 57.8 T 3.8 8 81.7 55.6 T 1,5 11 87.6
7L 53.0 %18 9 6L.9 55.2 % 2.5 12 8l.2
1B 573535 7 59 .l 8.9 2.3 10 90.6
23 5L1Z4l 5 31.9 57.2 X 1.6 4 €9.9
3B shlI2g 8 66.7 53.0 S 48 4 88.7
B 5595 .9 7 29.7 55.7 47 8 62.1
58 54,75 90 g 51.8 56.8 3.0 9 8.7
8 594 1.5 9 79.7 49.7 9.2 6 28.1
78 58.9 < 1., 8 76.1 57.9 2.7 & 8442
1D 60.8517 9 6Ll 56.7 £ 2.2 14 89.2
2D 58.6%2.3 8 Ty oly 515 % .5 3 6349
30 577 F1. 8 631, 49.5 £3.1 4 86,2
D 5k 2 3 50.0 57.6 2.5 11 75.0
50 3.3 2.6 g 82.2 63.8 £ 2.3 11 2.2
6 587519 7 83.3 55.9 = 2.0 13 87.5
7D 5l f3.5 0 4 82.8 60.7 < 2.0 12 90.9
Disomic . ,
Fy 574 = 1.1 12 89.6 58.9 < 1.3 15 81.7

Marguillo-

Kenya 52.0 020

Farmer




F2 MONOSOMIC ANALYSIS

(a) DWARFISH VERSUS NORMAL GROWTH HABIT

1. Hescue Honosomics x HMarquillo-Timstein Foy

The dwarf and normal segregates were distinguishable very early
due to the shorter coleoptiles and later emergence of the dwarfs.
The dwari seedlings were also characterized by earlier and more

illering, darker color and shorter, narrower leaves.

cl

profuse

The Marquillo-Timstein parent checks failed to elongate and
head under the cool (60°F) conditions whereas Rescue atbained normal
height (Plate 1). Under these conditions the F2 populations of both
the normal disomics and the 21 deficient lines all segregated into
three discrete classes: non~heading dwarfs, late heading dwarfs and
normal headed plants (Plate 2). The latter class ranged in height

from 50 to 105 cm in the disomic F, population whereas the maximum

2
height of plants in the first two classes was 46 ca with a clear
break between classes as is shown in Figure I. The fact that such

a height range occurs in the normal headed group indicated that the
inheritance of temperature sensitivity and height are separate charac-—
teristics. The dwarf segregates in each population were combined and

the ratio of normal to dwarf in each deficient line was compared ©o

n

[}

segregatvion occurring in the disomic F, population. These data

(<2

are presented in Table 3. This comparison showed that eight deficient
lines deviated significantly from the normal disomic ratio. The critical
chromosomes were those of homoeologous groups 1 and 2 and chromosomes

74 and 7B of group 7. Lines deficient for chromosomes of groups 2 and
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TABLE 3. The ratio of normal to dwarf plants in the F
from crosses beutween the Rescue monosomic
series and Marquillo-Timstein.

Number of Plants x? Value
Line Normal Dwarf Total 205:301

14 83 51 134 T o 1833

24 35 63 98 8o Qe

34 105 97 202 21

LA 8L 97 181 1.13

54 108 91 199 1.21

64 95 106 201 o717

T4 8l 111 195 b ol

1B 121 70 191 12.89%¢

OF 63 90 153 5.16%

3B 62 8l 143 281

4B 106 96 202 36

58 106 98 204 21

68 73 62 135 oTh

75 86 116 202 b o903

1D 118 80 198 6o75%%

2D 85 118 203 5.85%

3D 99 103 202 o15

LD 103 102 205 001

5D 116 89 205 317

6D 93 110 203 1.68

7D 93 102 195 56

Rescue x
Harquillo-
Timsteln 305 301 606 .00

Az

"

3¢ significant at the 1% level

significant at the 5% level
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7 had an excess of dwarf plants whereas lines deficient for chromo-

somes 1ia, 15 and 1D deviated in the opposite way.

2+ Chinese Spring Honosomics x Marquillo-Timstein Fo

The characteristics of the seedling populations were similar
to those of the previously described cross but the peculiarities of
the dwarf segregants were expressed somewhal later due probably to
the higher (65-75°F) growing temperatures. Like the Rescue x Mar-
quillo~-Timstein population, classification into three discrete
categories: non-heading dwarfs, late heading dwarfs and normsl
plants was possible (Plate 3). The fact that the dwarf portion of
the population is smaller (Fig. 1) is due to the increased bempera-
ture wihich is above the threshold required to permii heading since
the Marquillo-Timstein parental checks headed in this case.

The tallest plants within the category of late heading dwarfs
were 50 cm. The demarcation between this group and the normal was
more pronounced than in the Rescue hybrids (Fig.l). A4s in the previous
cross, non-heading and late heading dwarfs were combined and the ratio
of normal to dwarf plants in each deficient line was compared to the
ratlo obtained from the disomic F2 population. As is shown in Table 4,
five Fp monosomic lines deviated significantly from the discmic ratvio.
The critical chromosomes were those of homoeologous group 2, chromosome

14 and 3D all of which had an excess of dwarf plants.

3. Chinese Spring lonosomics x Marquillo-Kenya Farmer Fp

The shorter coleoptile length assoclated with slower emergence




PLATE 3.

Parents, F1 and typical Fp segregates from
Chinese Spring x Marquillo-~Timstein crosse.
1. Chinese Spring,

2. F hybrid,

3. Marquillo-Timstein,

L. Non-heading dwarf,

5. Late heading dwarf,

Remainder normal plants.

[

he
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TABLE L. The ratio of normal to dwarf plants in the F
from crosses between the Chinese Spring monoSomic
series and Marquillo-Timstein.

Number of Plants Xg Value
Line Normal Dwart Total 599:134
1i 77 65 242 11.90%%
24 152 90 242 57 .88
54 192 51 243 1.19
Li 197 L1 238 .18
54 210 35 245 2.62
6a 193 49 242 .62
TA 198 46 2L 052
1B 166 39 205 074
28 184 56 240 Ly o15%
3B 182 57 239 295
4B 85 15 100 .72
58 195 L5 240 <034
63 192 52 2y 1.49
7B 206 39 245 .92
1D 187 55 242 3.19
2D 143 58 201 15.03%%
3D 172 ) 232 8 .91
LD 191 51 242 1.26
5D 203 37 240 1.32
6D 201 41 242 <29
7D 198 39 237 53
Chipese
e T, 599 134 733 .000
Timstein

to
G

significant at the 5% level
¢ significant at the 1% level

o
<
2
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of seedlings of grass clump dwarfs was more evident in this cross than
in those previously described. Within 10 days after emergence the
grass clump segregants started to tiller, became darker and elongation
was almost entirely replaced by excessive tillering. The older leaves
became stiff and fragile., Although minor variation occurred within the
grass clump segregates it was not possible To subdivide this group.

The average height of grass clump plants within the 21 monsomic lines

varied from 26.7 cm for line 3B to 36.7 cm for 6A whereas the Marquillo=-

Kenya Farmer parent was 17.5 cm talls

The F, populations of the normal disomics and the 21 deficient
lines were classified into two classes: grass clump dwarfs and normal
plants, the latter being relatively uniform in height (Plate 4). By
comparing the ratios of each monosomic line with the normal disomic
population (Table 5) it was found that five critical chromosomes were
present: 24, 4B, 1D, 2D and 7D. Lines 24, 4B and 2D gave an excess of

grass clump plants, whereas lines 1D and 7D had excess of tall plants.

L. Rescue Monosomics x Marquillo-Kenya Farmer Fp

The F2 seedling populations were similar to those of Chinese
Spring x Marquillo-Timstein but the grass clump segregates were even
less vigorous and usually died prior to the heading of the normal
segregates. 4s in the previous case two discrete classes: normal

plants and grass clump dwarfs were established. The data 1s presented

in Table 6. Five deficient lines 24,564, 4B, 1D and 3D deviated sig-



PLATE L.

Parents, Fj hybrids and Fy segregates from the
cross of Chinese Spring x Marquillo-Kenya Farmer.

L. Chinese Spring,

2. Fp hyorid grown at 80°F,

3. F1 hybrid grown at 70°F,

L. Marquillo-Kenya Farmer grown at 80CF,
5. Fo grass clump segregates, .
6. Fp tall segregates.
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The ratio of tall to grass clump plants in
the F, Ifrom the crosses oi the Chinese Spring
monosomic: series and Marquillo-Kenya Farmer.

2

No. of -Plants X=Value

Line Tall Crass-clump Total L13 3457

14 98 97 195 6L

24 58 137 . 195 2l o 5T
34 g8 103 191 15

LA 106 90 196 3.50

54 9% 101 195 0l

64 P 99 193 ol2

7A 97 99 196 , <32

iB 103 96 199 147

2B 87 100 187 .07

3B 92 98 190 07
LB 67 137 20k 17.50%%
58 93 87 180 1.27

68 59 53 112 1.22
75 89 102 191 .06

1D 107 83 190 5.96%
2D 30 ' 66 96 10,203
3D 90 100 : 190 .00

4D 67 5k | 121 3.03

5D 87 100 187 07

D 104 89 193 3.18

7D 109 87 196 5.21%

Chinese ‘
. M3 457 870

Kenya Farmer

A,
W

DM
G

significant at the 5% level
% significant at the 1% level




TABLE 6. The ratio of tall to grass clump plants in the
¥y from the crosses of Rescue monosomic series
x Marcquillo~Kenya Farmer.

No. of Plants X2 Value
Line Tall  Grass clump Total 318:250
1a 106 93 199 .60
R4 33 56 89 12.82%¢
34 87 88 175 2.79
La 95 93 188 2.27
54 102 90 192 N3
64 93 102 195 5ol
TA 113 101 214 .88
1B 86 60 146 «50
2B 29 29 58 8L
3B 8 68 149 .16
LB L8 75 123 14 363
5B 93 80 173 35
6B . 104 75 179 <32
7B 115 89 204 01
1D 89 97 186 L . 50%
2D 1i2 92 204 «10
3D 86 106 192 9. 7636
4D 59 39 98 J7L
5D 87 82 169 1.39
6D 99 83 182 <19
7D 89 82 171 1.08
Hescue x 318 250 568 .00

Marquillo=-
Kenya Farmer

significant at the 5% level

e significant at the 1% level
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nificantly from the normal F, disomlc ratio. Unlike the previous
cross all critical lines expressed an excess of grass clump plants.
The results from the four series of crosses with respect to dwarfism
are sumnarized in Table 7. A total of 12 different chromosomes

proved to be involved.

With respect to crosses with Harquillo~Timstein, lines defic-
ient for chromosomes 24, 2B and 2D (homoeologous group 2) produced
an excess of dwarf plants in both series indicating that both Rescue
and Chinese Spring differ from Marquillo-Timstein and that genes for

dwarfism are carried on these chromosomes by Marquillo~Timstein.

In the crosses with Rescue two members of homoeologous group
7 (74 and 75) also gave an excess of dwarf plants whereas these chromo-
somes were not critical in crosses with Chinese Spring. In crosses
with Chinese Spring chromosomes 14 and 3D produced an excess of
dwarf plants and with Rescue all members of homoeologous group I deviated

by producing a larger number of normal plants.

These differences between the two series may be due to differ—
ences between the varieties Hescue and Chinese Spring as compared to
Harquillo~Timstein or to the differences in growing conditions particu-~
larly temperature which allowed more chromosomes in the Rescue crosses
to appear critical due to minor or modifying genes which could not express
their effects under warmer conditions.

In the crosses with Harquillo-Kenya Farmer five critical lines
were revealed in each series with three being in common namely 1D, 24,

and 4B. Both 24 and 4B produced an excess of grass clump plants
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whereas 1D with Rescue produced more grass clumps and with Chinese
Spring more normal plants. Chromosome 7D with Chinese Spring also
gave more normal plants, but had no effect in the Rescue crosses.
The remaining chromosomes involved were 2D with Chinese Spring and
64 with Rescue, both producing an excess of dwarfs. It is concluded
from the data that Marquillo-Kenya Farmer has major genes for
dwarfism in chromosomes 24 and 4B and that Marquillo-fenya Farmer
differs from Rescue for genes in chromosomes 1D, 3D and 64 and from

Chinese Spring for genes on chromosomes 1D, 2D and 7D.

hat the two normal varieties differ from each other

ct

The fact
for these particular chromosomes would indicate that these genes may

be of a minor or modifying nature.

In crosses involving Marquillo-Kenya Farmer chromosome 4B was
critical in both cases whereas it was not implicated in the Marquillo-
Timstein crosses. The major difference between the two dwarfs is

probably controlled by factors in this chromosome.

With regard to the genetic control of dwarfing in the two
dwarf varieties it is apparent that the major genes for dwarfing in
Marquillo-Timstein are on chromosomes 24, 25 and 2D and in Marquillo-

Kenya Farmer in chromosomes 24 and 4B. Several modifying genes also
Vi

probably exist bubt these cannot be attributed to one parent or the other

in these crosses.



(b) PLANT HEIGHT

1. Rescue Honcsomics x Marquillo-Timstein FZ

Comparison of the average height and variability of the normal
headed portion of each monosomic F, population with the disomic Fo
by means of the "M test indicated that eight F, monosomic popula-
tions deviated significantly (Table 8). Six means were significantly
below the disomics and two were significantly above. Those signifi-
cantly shorter were all members of homeologous group 2 and lines 34,
3D and 5D. The populations which exceeded the disomilc mean were 1i
and 4B. The F2 populations deficient for chromosomes‘2A, 2B, 2D,

34, 3D and 5D contained more plants within the shorter ranges than
did the disomic population and fewer plants in the Rescue parent
range (Table 8). Conversely, lines 14 and 4B had more plants within
the taller ranges than the F2 disomic and a higher percentage of
plants within the Hescue parent range.

In addition to causing reduced height in the normal heading
plants, the chromosomes of homoeologous group 2 were also critical

in producing an excess of dwarf plants as compared to the disomic

ratio (Table 1). However, lines 34, 3D, 4B and 5D deviated significantly

from the disomic population in mean plant height but did not deviate

from the disomic population in relation to dwarfing.

2. Chinese Spring Monosomics x Marquillo-Timstein Fo

Sixteen chromosomes were found to influence the height of plants
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in the Chinese Spring series x Marquillo-Timstein when the means

of monosomic F2 populations were compared with the F2 disomic mean
(Table 8). The only deficient line which attained greater average
height than the disomic was 54. This line also had the highest
percentage of plants within the Chinese Spring height range. The
remaining 15 lines were significantly shorter. The percentage of
plants within the Chinese Spring height range varied from 42.5% (7B)

to 81.9% (54); the F, disomic having 77.l percent.

2
The B genome had the most influence on the height of plants

since all deficlent iines of this genome significantly decreased

the mean height. Of the 9 remaining lines, 5 were members of the D

genome and 4 of the A genome. All lines which gave an excess of

dwarfs as compared to the disomic ratio (Table 4) were also signifi-~

cantly shorter except for 3D which did not differ significantly from

3. Chinese Spring lonosomic Series x Marquillo-Kenya Farmer F2

he

cl

Unlike the crosses involving Marquillo-Timstein, eight of
deficient F2 lines of Chinese Spring x Marquillo-Kenya Farmer had &
significantly taller mean height (Lli, 1D, 34, 44, 4B, 54, 5B and 7D).

Five other lines were significantly shorter (2B, 2D, 6i, Ti, 3D).
Of the 5 deficient lines influencing the ratio of tall to grass clump
plants (Table 5) 3 also influenced height of the normal portion of the

F2 populabion. Lines 2D and 64 were significantly shorter, whereas LB

increased the height.
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The comparison of chromosome effects on height of plants of
Chinese Spring x Marquillo-Timsteln monosomic F2 populations with
those of Chinese Spring x Marquillo-Kenya Farmer showed that L4
chromosomes produced similar results; 54 increased significantly the
average height of plants, 2B and 2D sharply reduced and 4D did not
show any difference in the height as compared to their respective
F2 disomic means. Dissimilar effects were found for most of the
remaining chromosomes. This suggests that the genetic control of
the height in the Marquillo-Timstein and Marquillo-Kenya Farmer is
greatly dissimilar and may differ by many factors. This indicates
that more genes influence plant height than are involved in the
inheritance of dwarfiism.

In general chromosomes which were critical for dwarfing also
influenced the height but several chromosomes influenced height
which were not implicated in the inheritance of dwarfism. O the
18 chromosomes involved in dwarfism inheritance in the three series
7 did not affect plant height as regards variability in the headed

portion of the F, population. This shows that while some factors

2
shich control these two traits may be either plelotrepic or closely
linked, other independent factors must be present.

FS MONOSOMIC ANALYSES

Fg lines from individual normal F2 plants from crosses of the

Rescue monosomics x Marquillo-Timstein were grown in the fileld in 1965.
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The ratio of segregating to non-segregating families in each line
was compared to the ratio occurring in the disomic F3 lines (Table
9). Nine lines deviated from the disomic ratio. Of these only

three were found to be critical in F2. This appérent disagreement
can only be explained by differential selection of dwarf genotypes

in F2 caused by the abnormally cool growing conditions.

For example, lines 1B and 1D which were critical in F2 and
produced an excess of tall plants had an excess of segregating
families in FB' This may mean that these chromosomes in Marquillo-
Timstein possess modifying factors which permit a wider range of
genotypes to head under cool conditions. This postulation was
substantiated by the fact that segregation occurred in F3 lines
derived from normal F2 plants of all height classes whereas only
the F. lines derived from F,. plants in the shorter height classes

3 2

segregated in most other lines.
CONVENTIONAL ANALYSIS OF DISOMIC CROSSES

1. Dwarfing in Marguillo-Timstein x Sonora 64 and
Margquillo~Timstein x Norin 10.

The average height of the Fl plants exceeded that of the
taller parents (Plate 5) indicating that the genotypes for dwarfing

in the parents differed and that heterosis existed.

The ratio of tall to dwarf plants in the 6 F2 progenies of
Marquillo-Timstein x Sonora 64 (608 tall 110 dwarf) and 4 progenies

of Marquillo-Timstein x Norin 10 (673 tall 114 dwarf) were established



TABLE 9.

L2

The ratios of segregating to non-
segregating families in the F3 from
the F, heading plants of Rescue mono-
somic series x Marquillo-Timstein.

No,of families X2 Value
Line Segregating Non-Segregating Total 14270
1l 32 43 2.403
24 2 12 14 0.019
34 19 26 45 10,4937
LA 2 38 40 3.963*
54 0 3 37 -
bA 7 L2 49 0.149
Ta 3 45 LB 3e7L5
18 10 20 30 5,250
2B 10 35 L5 0.999
35 0 3L 31 -
4B 13 Ll 54 2.132
5B L 32 36 0.793
68 3 8 1l 0.952
78 1 41 42 6.170"
1D 15 28 L3 10,1507
2D 2 29 31 2.365
3D 13 29 L2 6.168%
LD 3 30 33 1.363
5D 5 30 35 0,131
6D 6 Sk LO 0.087
) 0 1L 14 -
Disomic FS 14 70 8l 0.000
* significant at the 5% level
¥%  significant at the 1% level
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Parent and Fl plants of the crosses.

L. Redman Federation x Norin 10,

2. Harquillo-Timstein x Norin 10,
3. Sonora 6L x Redman Federation,
Lo Worin 10 x Senora 6k.

The F, 1s placed between the parents.
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on the basis of plant morphologj. The dwarf segregates had the
characteristics of Marquillo—Timstéin such as low stature and
excessive tillering and were easy to separate from the nbrmal'
segregates which in some'cases‘were'shorter than the’taller of the’ 
dwarfs. ’The height ezpression:in‘the FZ of Marquillo-Timstein x ‘
«Soﬁora 6l and Marquillo—Timstein X Norin 10 are presented in
Figures‘z and 3{respéqtively. Comparison of the F2 tall: dwarf": 
ratio'for‘the:twb populétioﬁs indicated no significant differénée‘f"
(K2 = 1.465, P = .20 A,.BO).V This means that the genoptye of
Sonora’éh and Norin:lO are similaf z;th respect to their’intera—’;”V
tion with the common‘pérént MarQuillo—TimSﬁein. The distributidn¢f 
also réveals that Marqnilld—Timstein‘may be a sourée-of genes for ~;
Short’siature that Could‘complémenﬁ;the génes in the other twb

varieties for plant breeding purposes.

2o Dwarfing in Redman x Federation

A third dwarf used in this study was obtained in an advanced
‘genefation of the cfosszédman b Federaﬁiono This cross was repea@eéy
in order to study ﬁhe inheritance of'dwarfism in this hybrid.‘ Bothp_‘
Rédman and Federaiion arernormal, tall varieties. The ﬁl planté'fére"
all normal and dwarf piants appeared in thé F2 generation. Of the

394 F, plants 327 were tall and 67 dwérf showing agreement to a 13:3‘:

Lo

ratio (X% = .787 and P = .30 = .50).

To account for this ratio the assumption was made that the parents
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differ by 2 genetic factors; a dominant dwarfing factor (DD) and an
inhibiting factor (II). One parent must carry two dominant factors,

DDII, the other both recessive factors, ddii.

This hypothesis was verified by studying 132 F3 families from

individual F2 plants. OFf these 100 were from normal F2 plants

and 32 from dwarfs. Based on the above hypothesis 7/13 of the F

3

iines from normal F2 plants should breed true and 6/13 segregate

whereas of the F3 lines from dwarf F, plants 2/3 should segregate

and 1/3 be dwarfs. Table 10 presents the actual results:

TABLE 10. BSegregation occurring in FB lines from
normal and dwarf Fp plants”of the cross
Redman x Federation.

F2 FB Cbserved Calculated 72
Normal Homozygous normal 5L 53.86 0.00036
segregating 13:3 or 3:1 L6 L4614 0.00042
Dwarf segregating 1:3 11 10.66 0.0108
homozygous dwarf 21 21.34 0.0054
X% 0.01698
P .99

In addition the Fl was backcrossed to both parents. According
to the hypothssis the progeny of one backcross should give the ratio
of 3 tall to 1 dwarf, the other only tall plants. From the backecross

of Redman x (Redman x Federation Fl) a ratic of 25 tall: 6 dwarf plants
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was obtained, which is not significantly different from a ratio
of 3:1 (X* = 0.537, P = 0.50 - 0.75). The backcross of (Redman x
Federation Fl) x Federation resulted in only tall plants. It was
concluded that the proposed 2 factor theory provides a logical
explanation for the inheritance of dwarfing in this cross. The
backecross results support findings by Stephens (38), McMillan (18)
and Tingey (43) that Federation has the constitution of DDII.
Redman must therefore be ddii. This result indicates that the 2
dominant genes for "grass clump" located in chromosomes 24 and

LB of Redman by Hurd and McGinnis (16), which proved to have a
complementary action with at least one gene for "grass clump® in

Kenya~-Farmer, showed no interaction with the genes found in Federa-
tion.
It may therefore be concluded that the 2 dominant genes for

Norass clump! in Redman are not the same genes which are involved

in dwarfing in the cross with Federation.

3, Dwarfing in Sonora 6L x Redman - Federation, and Redman-
Federation x Norin 10.

The average height of the Fl plants exceeded that of the taller
parents (Table 11, Plate 5), indicating that the genotypes for dwarfing in
the parents differed and that heterosis occurred, particularly in the

Fl of Sonora 6L x Redman-Federation.
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The segregation in the F2 of these crosses was established on the
basis of plant morphology because the helght of dwarf plants differed
considerabliy, oiten overlapping with normal plants. From the data
in Table 11 it is clear that the reciprocal crosses of Sonora 64 and
Redman Federation produced very similar F2 population whereas the FZ
of Redman Federation x Norin 10 was significantly different. This

may be due however to environment since the latter was grown in the
greenhouse and the former in the field.

The plant height distribution of Sonora 64 x Redman-Federation
is presented in Figure 4. Of the FZ 79.3% were taller than the Sonora
6l parent but the overall height range exceeded both parents indicating
that Redman—Federétion may be ancther source of different genes for
short stature.

Lo Dwarfing in the cross of Tom Thumb x Redman Federation

s e o n . -+ -
The average height of the Fy plants was 53.0 - 1.0 cm as compared
+ +

t0 22.8 - 1.5 cm for Redman-Federation and 32.7 - .95 ca for Tom Thumb

(Plate 6).

The F2 population was grown in the greenhouse and the parents and
many dwarf segregates failed to head (Plate 6). The normal portion
of the population contained plants up to 110 cm in height indicating

that heterosis and very different gene control of dwarfism existed

between the two parents.
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PLATE 6. (a) The F, and the parents,

(b) The F2 segregates and parents {(right) of the
: crossTof Tom Thumb x Redman Federation.

(&) Tom Thumb (left),'Fl (center) Redman-Federation
(right) , -
(b) L. Tom Thumb,
2+ Redman~Federation

3. F2 segregates
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5. Dwarfing in the cross of Marguillo-Timstein x
Tom Thumb

The average height of Fl plants was 49.8 X .69 cm as compared
+ ]
to 56,7 = 1,50 cm for Marquillo-Timstein and 32.7 = «95 cm for Tom

Thumb. The distribution pattern for F. plant height (Fig.5) shows

2

that transgressive segregation occurred in both directions.

6. Dwarfing in the Crosses of Tom Thumb x Sonora 6L and
Norin 10 x Tom Thumb.

The average height of the Fl?s were 40l * .95 cm and 43.9'f .63 cm

respectively. Whereas Sonora 64 was 56.9 x 1.31 cm, Norin 10 68.7 -

e

fe
1.16 cm and Tom Thumb 32.7 - .96 cm. The F. height distributions

2
are illustrated in Plate 7 and Figure 6. 1In both cases the height
range exceeds both parents indicating that the genes for dwarfing

in the parents differ.

The results from this series of crosses indicate that the
dwarfs; Marquillo-Timstein and Redman-Federation differ genotypically
from all other semi-dwarf varieties tested. Norin 10 and Sonora 64
react similarly in all crosses indicating that they differ little in
dwarfing genotype as would be expected since Sonora 64 has Norin 10
in its parentage. Crosses between Tom Thumb and Marquillo-Timstein
and Redman-Federation indicate that it differs from these two lines

and also that these two differ from each other,

The F2 distribution in all cases indicates that dwarfism is

complexly = inherited.

Due to the complex nature of the inheritance revealed by the
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PLATE 7.

(a) The F, and parents (left),
(b) F, segregates and parents (right) of

the cross of Tom Thumb x Sonora 6.

(a) Tom Thumb (left), Fy (center),
Sonora 6L (right)
(b) 1. Tom Thumb

2. Sonora 6l
3. F2 segregates.
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monosorilc analyses and the transgressive segregalbion occurring in

the disomic crosses no atbempt was made to postulate the actual

mode of inheritance in the disomic crosses.




GENERAL DISCUSSION AND CONCLUSIONS

The results of this study show that both the Marquillo-Timstein
and Marquillo-Kenya Farmer types of dwarfism are conditioned by
several genes. In addition to major genes there are modifying genes

which were revealed by the F2

and F3 monosomic analysis.

A1l chromosomes of homoeologous group two of Marquillo-Timstein
carry genes for dwarfism, of these 24 and 2D are regarded as major genes
since they deviated greatly from the disomic populations in crosses with
both monosomic series. Chromosome 2B would appear to carry a major gene
since 1t was critical in both monosomic series but because of very slight
deviation from the disomic population it could be regarded rather as a

minor gene. lines deficient for chromosomes 1B and 1D proved to be

F2
critical under cool growing conditions and F3 families deficient for these
chromosomes had an excess of segregating lines suggesting that these chromo-
somes possess modifying genes which reduce the temperature sensitivity of
the Marquillo~Timstein. The other lines which were found critical in
crosses with one or the other of the monosomic series and Marquillo-Timstein

are regarded as being due to modifiers carried by the Chinese Spring or

Rescue varieties and not essential to the expression of dwarfism.

The influence of environment on dwarfism has been reported
previously by Clark and Hooker (6) and by McMillan (18). Both of
whom found that the ffequency of grass clumps in a population varied
with changes in environmental conditions. McMillan also reported

variation in dwarf plant morphology due to variation in envirorment.

Hermsen (14) reported that the variety Timstein has two genes
for dwarfism located on chromosomes 4B and 2D whereas the present
study showed Marquillo-Timstein to carry major genes on 24 and 2D.

58



29

This indicates that the dwarfism of Marquillo-Timstein is probably

due to one major gene from Marquillo and only one from Timstein.

Chromosomes 24 and 4B of Marquillo-Kenya Farmer were found to
carry major dwarfism genes in this study. Hurd and HcGinnis (16)
established in crosses of Redman x Kenya Farmer that these two

chromosomes of Redman also carry major genes for dwarfism. The

K]

fact that chromosome 24 was critical in both series with lMarquillo-
Timstein and with Marquillo-Kenya Farmer, and that chromosome 43
proved to be critical in both series with Marquillo-Xenya Farmer
only indicates that the major difference between the Marquillo-
Timstein and the Marquillo-Kenya Farmer dwarfs is due To gene
differences on chromosome 4B. This chromosome probagbly contains the
factor which increases the temperature sensitivity of Marquillo-

Kenya Farmer as compared to Marquillo-Timstein.

Conventional genetic analysis of dwarfism in the cross of
Redman x Federation revealed it to be controlled by 2 genes. The
5 F3 and backcross progenies support previous findings

(38,18,43) that Federation has one dominant gene for dwariism and

results from the F

an inhibitor and that Redman must carry the opposite alleles.

Apparent contradiction with Hurd and McGinnist (16) finding that
Rean i moler kv - venes T dwarfing NIromo sor 24
Redman carries 2 complementary genes for dwarfing on chromosocmes 24
and 43 can be explained by assuming that the genes found in Redman

and Federation represent independent, nonallelic loci.
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It is probable that in cases of Fl dwarfism such as exists
in crosses between Marquillo x Timstein and Marguillo x Kenya Farmer
that three major genes exist and that any two in the homozygous con-
dition are sufficient to produce dwarfs but that the genes on
chromosome 24 and 4B are more potent than the one on chromosome 2D.
Dwarfism such as that between Redman and Federation which occurs
in the F2 and is prevented by an inhibitor gene may either be
totally unrelated to the other type or else is due to different gene

action.

In crosses between the three above mentioned dwarfs and the
varieties Sonora 64, Norin 10 and Tom Thumb the semi-dwarfism of these
varieties appears to be superimposed on the dwarf genotype producing
trangressive segregation beyond the limits of both parents. This
indicates that major gene differences exist between the two types

resulting in heterosis.

From the results of the study of dwarf inheritance it was clear
that the dwarf varieties also influenced height within the non-dwarf
portion of the segregating population. In other words the genes
which cause dwarfism appear to influence height of normal plants when

the complete genotype required to produce dwarfs is not present.

Studies by Allan and Vogel (1) showed that eleven chromosomes
influence height in the cross of the Chinese Spring monosomic series
and the semi-dwarf line Norin 10-Brevor 14. Results from the present

study do not completely agree with those of Allan and Vogel (1) as



far as the chromosomes involved is concerned but they do confirm tThe

complexity of the inheritance of height.

Tn most cases chromosomes which carried genes influencing the
frequency of dwarfing in the F2 populations also influenced the range
of plant heights in the normal portion of the population. In
addition many chromosomes influenced the height patterns which were
not involved in the inheritance of dwarfism. On this basis it is
probable that the dwarf character is conditioned by genes that in
some cases are able to modify plant height and that other genes
control the dwarfing mechanism without having any effect on the
height of normal plants. In other words some genes have g pleiotropic

effect while other influence one or the othersbut not both characters.

The results from the monosomic crosses indicates that the
dwarfs, Marquillo-Timsteln and Redman-Federation, express a
complementary and non-allellc relationship with the semi-dwarf
genotypes resulting in transgressive segregation. The occurrence of
plant types that are shorter than either parent indicates that the
two new dwarf lines may have potentiel in plant breeding alone or in
combination with other semi-dwarf parental lines.

The results of the present study suggest some shortcomings of

monosomic analyses in studying characters of such complexity as
jwarfism. Firstly, it is difficult to distinguish chromosones carry-
ing major factors from those which have minor or modifyving effects.

Secondly, although this method reveals which chromosones affect the
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inheritance of dwarfing it does not establish whether the effect
found is due to the homogygous condition of the chromosome of the
variety belng tested or whether it is caused by the loss of a chromo-

gsome of the other variety.
It is possible that the production of substitution lines of
the chromosome found to be critical may give more precise informa-

tion about the significance of genes on each chromosome.
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