MONTANA

STATE UNIVERSITY

A study of the inheritance of awnedness, aleurone color, growth habit, and spike density in barley
by John M Green

A THESIS Submitted to the Graduate Committee in partial fulfillment of the requirement for the
degree of Master of Science in Agronomy

Montana State University

© Copyright by John M Green (1943)

Abstract:

The objective of this study was to determine the mode of inheritance and linkage relationships of four
characters in barley. The mode of inheritance was determined by observing the F1 generation plants
and by studying segregation in the F2 and F3 generations. Linkage intensities were calculated by the
product method using the combined F2 and F3 data.

The inheritance of awnedness and growth habit ms studied in crosses of Arlington Aimless, C. 1. 702,
with the two Atrada varieties, C. 1. 6641 and C. 1. 5638. In addition the inheritance of aleurone color
and spike density was studied in the cross with Atrada, C. I. 6638.

Although a two-factor difference for awnedness was observed in each cross, a total of three different
factor pairs affecting awnedness were present in the two crosses studied. A factor pair for normal
versus reduced lateral awns, which affected length of central awns also, was carried in the dominant
condition in each Atrada variety and in the recessive condition in Arlington Awnless. Two factor pairs
for awn length were carried in the dominant condition in Arlington Awnless; one was dominant in
Atrada, C. I. 5638, and recessive in Atrada, C. I. 5641; and the other was recessive in Atrada, C. 1.
5638, and dominant in Atrada, C. I. 5641.

Normal lateral awns were partially dominant over reduced and long awns were apparently completely
dominant over short. Growth habit, aleurone color, and spike density were each inherited on a
single-factor basis, although additional modifying factors not detected in this study may have affected
growth habit in the cross Arlington Awnless x Atrada, C. I. 5638. Blue aleurone color was dominant
over white and xenia was observed in the inheritance of this character. Erect growth habit was
dominant over decumbent , and lax spikes were dominant over dense.

In Arlington Awnless x Atrada, C. I, 5641, the two factors for awnedness were inherited independently
of each other and independently of growth habit. In Arlington Awnless x Atrada, C. I. 5658, long
versus short awns were linked with lax versus dense spikes with 24.18+6.30 percent crossing over. The
linkage relationships of growth habit in this cross were not determined because the ratio observed for
this character did not fit a monohybrid ratio, although segregation in the Fg generation indicated a
single factor difference. All other characters segregated independently of each other.
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A Study of the Inheritance of
Awnednees, Aleurone Color, Growth Habit,

and Spike Density in Barley

ABSTRACT

The objective of this study was to determine the node of inheritance
and linkage relationships of four characters in barley. The node of in-
heritance was determined by observing the generation plants and by
studying segregation in the Fg and Fg generations. Linkage intensities
were calculated by the product method using the combined Fg and Fg data.

The inheritance of awnedness and growth habit was studied in crosses
of Arlington Awnless, C. !'e 702, with the two Atrada varieties, C. |. 5641
and C. I. 5638. 1In addition the inheritance of aleurone color and spike
density was studied in the cross with Atrada, C. |I. 5638.

Although a two-factor difference for awnedness was observed in each
cross, a total of three different factor pairs affecting awnedness were
present in the two crosses studied. A factor pair for normal versus re-
duced lateral awns, which affected length of central awns also, was carried
in the dominant condition in each Atrada variety and in the recessive con-
dition in Arlington Awnless. Two factor pairs for awn length were carried
in the dominant condition in Arlington Awnless; one was dominant in Atrada,
C. |I. 5638, and recessive in Atrada, C. |I. 5641; and the other was recessive
in Atrada, C. |I. 5638, and dominant in Atrada, C. |I. 5641.

Normal lateral awns were partially dominant ovor reduced and long
awns were apparently completely dominant ovor short. Growth habit, aleurone
color, and spike density were each inherited on a single-factor basis, al-
though additional modifying factors not detected in this study may have
affected growth habit in the cross Arlington Awnless x Atrada, C. |I. 5638.
Blue aleurone color was dominant over white and xenia was observed in the
inheritance of this character. Erect growth habit was dominant ovor de-
cumbent, and lax spikes were dominant over dense.

In Arlington Awnless x Atrada, C. |I. 5641, the two factors for awned-
ness were inherited independently of each other and independently of growth
habit. In Arlington Awnless x Atrada, C. |I. 5638, long versus short awns

were linked with lax versus dense spikes with 24.18+6.30 percent crossing
over. The linkage relationships of growth habit in this cross were not
determined because the ratio observed for this character did not fit a
monohybrid ratio, although segregation in the Fg generation indicated a
single factor difference. AIl other characters segregated independently
of each other.



A Study of the Inheritance of
Annednoss, Aleurone Color, Growth Habit,

and Spike Density in Barley

John M, Green

INTRODUCTION

One of the first genetic studies in barley, the results of which
were published in 1901, was conducted in Austria by von Tscheraak,
Since that tine the possibilities afforded by barley for such studies
have attracted the attention of many students of genetics and plant breed-
ing. At the present time, genetic studies with several different barley
crosses are being conducted at the Montana Agricultural Experiment Station.
The results of one of these studies, a study of the inheritance of awned-
ness, aleurone color, growth habit, and spike density in two crosses, are

presented in this paper.

REVIEW QF LITERATURE
Awn Length
The inheritance of awn length in the progeny of numerous crosses
was studied by von Ubisch (20)I/. He concluded that awn length was con-
trolled by three factor pairs which he designated Aa, Uu, and Vv. The
genotype A-U-w gave rise to awns of extre e length; A-uuw, A-uuV-, and

aau-V-, long awns; a&U-w, aauuV-, and aauuw, short awns. Density of

I/ Figures in parenthesis refer to “Literature cited and consulted", page 48.
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spike was closely associated with awn length in the crosses studied#

Miyake and Imai (12) also found three factor pairs involved in the
inheritance of awn length in some crosses studied. In other crosses a
single-factor difference between long and short awns was observed. Long
versus short awns was found to be linked with hulled versus naked seed
with 5 percent crossing over and with awned versus awnless lateral florets.
In crosses in which three factor pairs for awn length were involved, awn
length was linked with two row versus six row, awned versus awnless lateral
florets, normal versus curled (a dwarf character), and probably linked
with purple versus white seed.

Ikeno (9) reported a two-factor difference for awn length in Kinukawa,
a long awned variety, crossed with Nogenhasi, a variety which is generally
awnless, but sometimes has short central awns. In four different crosses
Myler (14) also found a two-factor difference for awnedness when awnless
and awned types were crossed. In three of these crosses long awned var-
ieties were crossed with Awnless, C. I# 5631,~/ an awnless variety. All
were six-rowed barleys. The two awn factors for which segregation was
observed were designated Lk and Lk™ by Itylere Segregates carrying both
factors in the dominant condition were long-awnedj those carrying only Lk
in the dominant condition were short awned; those carrying only Lk™ in the
dominant condition were "awnletted"; and those recessive for both factor
pairs were awnless. The "awnletted” type had awns on the central spikelets

2/ C. I. number refers to the accession number of Division of Cereal
Crops and Diseases.
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only. In the fourth cross, Redrachis, C. |I. 5649, x Arailess, a 15:1 ratio
for aimed to awnless was observed. Redrachis is a two-rowed, aimed variety.

A single-factor difference between long and short awns in a cross
of Atrada, C. 1. 5658 x Trebi-Velvet was reported by Stum (19). He
found the factor pair for awn length (Lk”~lk”) to be inherited independ-
ently of rough versus smooth awns (Rr) and to be linked with lax versus
dense spikes (Lgly) with 23 percent crossing over.

Glinyany (6) found a single factor pair affecting awn length in
Nudihaxtoni, a variety with normal central awns but no lateral awns, when
crossed with a hooded variety. The factor pair (Nh) for long versus short
awns was hypostatic to a factor pair present which controlled the develop-

ment of lateral awns (Aa).

Normal versus Reduced Lateral Awns

Ikono (9) observed a 1:2:1 ratio for absence of lateral awns, in-
termediate lateral awns, and fully developed lateral awns in the Fg pro-
geny of a cross of Einukawa x Nogenhasi. Kinukawa Is a fully awnod var-
iety while Kogenhasi is generally aimless but sometimes has short central
awns. He concluded that the factor responsible was a partially dominant
inhibitor factor. Similar segregation was observed by Glinyany (6) in a
cross of Nudihaxtoni times a hooded variety. He also concluded that the
factor responsible was an inhibitor and found that it was epistatic to a
factor for awn length present in the cross.

A single-factor difference was also reported by Bngeldow (3), Miyedca

and Imai (12), end Leonard (11). Engeldow studied a cross of Haxtoni, a
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mvariety similar to Nudihaxtoni, with a long aimed variety. Miyake and
Imal studied several crosses of normal aimed varieties on varieties hav-
ing no awns on the lateral spikelets. They found the factor for normal
versus reduced lateral awns to be linked with normal versus curled (dwarf),
and probably linked with purple versus white seed. They placed the factor
pair for normal versus reduced lateral awns in linkage group I1I.

Leonard studied crosses of Nudihaxtoni on three hooded varieties,
Colsess 1V, Colsess V, and Antrum. He designated the factor pair con-
trolling lateral awn development as Lrlr, and found it linked with green
versus orange seedling color (Oror) with 33.58 * 1.20 percent crossing
over. The factor pair Lrlr was inherited independently of black versus
white floral bracts (Bh), covered versus naked seed (Nn), hoods versus
awns (KKk), long- versus short-haired rachllla (Ss), green versus xantha
seedling color (XOX0), and green versus chlorine seedlings (Fcf0).

Leonard concluded that the factor pair Lrlr was in linkage group I.

Blue versus White Aleurone Color

Harlan (?) reported that colors in barley are caused by two pigments;
anthoeyanin and a melanin-like compound. The anthooyanin is violet in its
acid condition and blue in its alkaline condition, and the melanin-like
compound is black. These pigments may occur in the pericarp, hulls,
aleurone layer, and occasionally in the endosperm. The presence of
anthooyanin in the pericarp gives a violet color; in the aleurone, blue
color; and if present in both the pericarp and aleurone, a purple color

results. In the absence of the pigment in both the pericarp and aleurone
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the kernel is ighite.

The results of two different studies of the aeyve nateriel were
published jointly by ItLytizam., and So and Imi (13). The earlier study
was made by Miyazavra.,, who concluded that the blue color was inherited as
a mosaic in a cross of Sold.tori, a Japanese blue variety, times Goldenmelon,
an Australian variety with pale yellow kernels. He observed varying ratios
of blue kernels to white on individual heads but when he counted the
kernels on all heads he found 1009 blue and 1019 pale yellow, approximately
a lil ratio. So and Imai studied Miyazawa*s material and concluded that
the color was not a mosaic but an endosperm character carried in the
aleurone layer. From their classification of the Fg population they ob-
tained a 3:1 ratio for blue to white kernels. They concluded that the
character showed xenia and vras inherited as a single-factor difference.

Similar results were reported by Buckley (2), who did not list the
crosses studied, and by Robertson, Doming, and Koonce (17), who studied
a cross of Colsess IV x Mnnesota 72-8. Buckley found aleurone color to
be independent of black versus white glumes, two row versus six row, long
versus short rachilla hairs, hulled versus naked caryopsis, and probably
independent of straight versus curved peduncle and purple versus white
lemma. He found aleurone color linked with hooded versus awned with
41 percent crossing over and placed the factor pair for blue versus
white in linkage group Ill. Robertson, Doming, and Koonce also found
aleurone color to be inherited independently of long versus short rachilla
hairs and linked with hooded versus awned. They found 22.58+ 0.82 percent

crossing over.
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Ifyler and Stanford (15) found a single-factor difference for blue
versus white aleurone in crosses of Kwan (blue) x Nepal (white), Algerian
(blue) x Nepal, and Awnless (blue) x Nepal, but they found that the color
was actually dependent on tiro complementary factors. 1In a cross of two
white varieties, Goldfoil x Nepal, they observed a 9*7 ratio for blue to
white in the Fg generation. They concluded that in crosses where only a
single-factor difference is observed the blue parent has the factors
BIBIBIjBI™ and that the white parent has either BIBIbljb]* or blbIBI*B I e
The factor pair BlIbl was found to be linked with hooded versus awned with
24.72 £ 1.73 percent crossing over. Myler and Stanford concluded that this
was the sane factor studied by Buckley (2) and Robertson, Doming, and Koonce
(17), and that it vjas located in linkage group IV. The factor pair BljbI*
was found to be linked with hulled versus naked (Nn) with 9.88 + 0.44 per-

cent crossing over and was placed in linkage group III.

Spring versus Winter Habit of Growth

Gaines (5) observed winter habit plants in the segregating genera-
tions of two crosses. Rice x Beardless and Rice x Excelsior, all spring
varieties. He observed a ratio of 13 spring to 3 winter plants in the
Fg generation and concluded that two factors, one an inhibitor, controlled
habit of growth.

The occurrence of winter habit segregates in the progeny of a cross
of two spring varieties was also reported by Neatby (16). He concluded
that three factor pairs controlled growth habit in Guy Mayle x Canadian

Thorpe and that in the winter-habit segregates all three factor pairs
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swere homotygous recessive.

Lax versus Dense Spikes

Biffen (1) observed a single-factor difference for density of spike
with lax dominant over dense in three crosses studied. Similar results
were reported by Sturm (19), who found that lax versus dense was inherit-
ed independently of rough versus smooth awns (Er) and was linked with long
versus short awns (Lkglk™) with approximately 23 percent crossing over.
In two different crosses, Miyake and Imai (12) observed a single-factor
difference for lex versus dense spikes. 1In one cross the density factor
(Iglj ) was linked with covered versus naked seed with 13 percent crossing
over, and in the other cross the density factor (Lglg) was linked with
covered versus naked with 23 percent crossing over.

Neatby (16) reported that a single factor pair with minor modifying
factors controlled density in a cross of Guy Mayle x Canadian Thorpe.
Spike density was inherited independently of earliness in this cross, but
both density and earliness were linked with lateral floret fertility.

A two-factor difference for density was reported by Woxelsen (21).
He designated the factor pairs Ljll and Lglg and found that the factor
pair Lglg was linked with rough versus smooth awn (Er) with 10 percent
crossing over. In a later paper, Vfexelsen (22) reported single-factor
and two-factor differences in some crosses studied. One of the factor
pairs for density (L”I?) in Aspltmd x Smooth awn, C. I. 4152, was linked
with the factor for fertility (Zs) with 40 percent crossing over.

Von Dbisch (20) coneludod that three factor pairs controlled density



in. crosses that he studiede He found the lax condition dominant over
dense, with the length of spike directly proportional to the number of
dominant factors present. Density was found to be closely associated
with awn length.

In studies by Hayes and Harlan (8) single-factor differences were
observed with complete dominance of dense over lax in some cases and in-
complete dominance in others. In other crosses studied, they observed a
three-factor difference. Minor modifying factors were present in some

crosses.

Linkage Groups in Barley

Seven linkage groups have been established for cultivated barley.
The literature for these groups has been reviewed by Robertson, Wiobe,
and Imior (18), and factor pairs previously reported were located in
linkage groups whenever possible. The character pairs included in this
study and the linkage groups in which they were placed are given below:
Linkage Groups Character Pair Symbol

I Long versus short awns Lklk

Normal versus reduced
lateral spikelet

appendages Lrir
Dense versus lax spikes LI
Dense versus lax spikes L414
11 Dense versus lax spikes LI
Dense versus lax spikes 1L
Dense versus lax spikes V a
Dense versus lax spikes L2] 2
Long versus short awns Lklk
v Dense versus lax spikes LI

Blue versus white aleurone Blbl
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MATERIALS Aim METHODS
Description of Parents and Characters Studied

The three varieties used as parents in the crosses studied ware
Arlington Awnless, C. ! 702, Atrada, Ce I* 6641, and Atrada, Ce le 5638.
A description of these varieties follows.

Arlington Aemless is characterized by a decumbent type of growth in
the seedling stage, blue aleurone, lax spikes, occasional awn points on
usually aimless lateral spikelets, and short awns on the central spikelets.
The modal class for length of central awns is 35.0 mm. to 39,9 mm.

Atrada, C. |I. 5641, has an erect type of growth in the seedling stage,
blue aleurone, lax spikes, and short central and lateral awns. The modal
class for length of central awns is 50.0 mm. to 54.9 mm., and for length of
lateral awns is 30.0 m, to 34.9 mi.

Atrada, C. |I. 5638, has an erect type of growth in the seedling stage,
white'aleurone, dense spikes, and short central and lateral awns. The
nodal class for length of central awns is 50.0 ram. to 54.9 mm., and for
the length of lateral awns is 30.0 ram. to 34.9 ram.

The decumbent lype of growth made in the seedling stage by the
Arlington Awnless variety is similar to that produced by most winter
varieties of cereal crops. The erect type of growth as observed in the
Atrada varieties is similar to the type observed in spring cereal crops.
Although it is not known whether the type of growth in the seedling stage
is entirely associated with spring and winter habit, for the purpose of
this study it will be assumed that such is the case. Therefore, throughout

this paper erect versus decumbent habit of growth will be referred to as
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spring versus winter habit.
Arlington Awnless was crossed with each of the Atrada varieties in
1939 at the Montana Agricultural Experiment Station, Bozeman, Montana.
The contrasting characters studied in each cross are listed below:
Arlington Awnless x Atrada, C. |. 6641
Long versus short awns
Normal versus reduced lateral awns
Spring versus winter habit
Arlington Awnless x Atrada, C. |I. 5638
Long versus short awns
Normal versus reduced lateral awns
Blue versus white aleurone
Spring versus winter habit

Lax versus dense spikes

Method of Growing the Filial Generations

The generation was grown during the winter of 1939-40 in the
greenhouse in Washington, D. C., by Dr. G. A. Wiebe of the Division of
Cereal Crops and Diseases. The Fg and Fg generations were grown at the
Montana Agricultural Experiment Station as a part of the barley improve-
ment program.

The Fg generation was seeded in 1940 in space planted rows with
the seed spaced three inches apart to allow for plant separation. The
decumbent plants were marked in the field during the third week follow-

ing emergence. The plants were pulled just before ripening to be stored
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in the laboratory for classification of other characters. The erect and
decumbent plants wore kept separate when pulled*

The P3 generation was grown in 1941j it #jos repeated in 1942 be-
cause the families grown in 1941 were so badly weathered that color
eould not be determined. The 1941 planting was made with seed from a
random sample of heads from each ?2 plant. The seed planted in 1942 was
from the Pg heads not used for seeding in 1941. The seed from each Pg

plant was space planted in an eighteen-foot row which gave an F3 family.

The F3 families were pulled just before ripening and were stored for
classification.
The Fg and F3 generations were seeded in the spring. Both spring

and winter segregates headed and matured when seeded in the spring.

Methods of Classification
The H. plants of each cross were classified for tho characters being
studied. A description of the F* type in each cross follows:
Arlington Awnless x Atrada, C. |I. 5641
Central spikelets approximately two-thirds fully owned
Lateral spikelets bearing awns approximately one-half as
long as the central awns
Aleurone blue
Plants erect in the seedling stage
Spikes lax
Arlington Awnless x Atrada, C. |I. 5638

Central spikelets approximately two-thirds fully awned
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Lateral spikelets bearing awns approximately one-half as
long as the central awns
Blue and white aleurone on the sane spikes, blue predominat-
ing
Plants erect in the seedling stage
Spikes lax

A preliminary classification of the Fg generation plants was made
on the basis of their phenotypes; this classification was corrected and
the Fg genotypes were determined by checking the breeding behavior of
each Fg plant in the F3 generation.

Classification for growth habit was made in the field on the basis
of type of growth exhibited by the plants during the second or third week
following emergence. It was considered that the segregates making an
erect type of growth were spring habit plants, and the segregates that
made a decumbent type of growth were winter habit plants.

Classification for awnedness, aleurone color, and density of spike
was made in the laboratory. In order to establish phenotypic awn classes
it was necessary to study variation in awn length. It was evident that
such a study was necessary from variations observed in the P4 generation
and from observed variations within the Arlington Awnless variety. Ten
plants of the Arlington Awnless parental variety were selected at random
from a group of seventy grown in a space planted row in 1941. Ten heads
were taken from each plant for awn measurement. The fourth spikelet from
the base of the head, counting spikelets on only one side of the raohis,

was arbitrarily chosen as the one on which to measure the central awn.
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The nean length of central avcia on each plant and the standard error of

each laeem ms determined.

Fisher’s analysis of variance method and the

F and t tests were used to determine whether or not differences between

the means were significant.

The length of the longest lateral awn point

in the central portion of each head was recorded in order to determine the

frequency of occurrence.

On the basis of information obtained regarding variability of awn

length and frequency of occurrence of awn points and on the basis of the

Fg and Fg segregation, the segregates were divided into six phenotypic

awn classes as described below:

Class No.

2

Description
Awnless
Arlington
Awnless type

Reduced Atrada
type

Atrada type

fl type—
Central awns
twice as long
as laterals

Fully awned

Lateral Awns
None

None or points

Modal class for
length 5.0 mm.-
9.9 mm.

Modal class for

length 30.0 mm.-
34.9 mm.

Modal length

approximately 40 mm.

Modal length

approximately HO mm.

Central Awns
None or points

Modal class for
length 55.0 nm.
-39.9 mm.

Modal class for
length 25.0 mm.
-29.9 mm.

Modal class for
length 45.0 mm.
-54.9 mm.

Modal length
approximately
80 mm.

Modal length
approximately
115 nm.

Heads of barley representative of these awn classes are shown in

plate 1I1.
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The segregates vmre grouped into two phenotypic classes for aleurone
color* The homozygous blue and heterozygous plants were included in the
blue class and the homozygous white plants comprised the white class*
Two phenotypic classes for density of spike were observed. The

segregates were classified as lax or dense on a visual basis.

Symbols for Genetic Characters

All genetic symbols except the one for spring versus winter habit
were taken from the list of symbols recommended by Robertson, Wiebe, and
Immer (18). The subscript numbers used in most cases indicate that these
factor pairs are not necessarily the same ones reported by previous workers.
The factor pairs for awn length and lax versus dense spikes in the cross
Arlington Awnless x Atrada, C. I. 5638, were found to be the same ones re-
ported by Sturm (19) and were assigned the same subscript numbers used by
him*

The genetic symbols used are listed below:

Character Pair: Symbols Used:
Long versus short awns "4 LKSIk5
Normal versus reduced lateral awns Lrllrl
Blue versus white aleurone color Blgbl2
Spring versus winter habit Be
Lax versus dense spikes 1S1S

Analysis of Data
All phenotypic ratios observed in the Pg generation and all geno-
typic ratios as determined by the Fg segregation were compared to cal-
culated theoretical ratios. The observed ratio in each case was tested

for goodness of fit to the calculated ratio by use of the Chi-square test.
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All P values were taken from the table of Chi-square prepared by Fisher
(4).

To test for linkage between the various characters studied, the
observed genotypic ratio for each character was combined in a dihybrid
ratio with the observed genotypic ratio for every other character studied.
Each of these dihybrid ratios was compared with a calculated It2i2i4*1*2*
1*2:1 ratio by use of the Chi-square test. |lihen the observed ratio fit
the calculated ratio closely, the factor pairs being tested were consider-
ed independent of each other. |If a poor fit to the calculated ratio was
obtained, the factor pairs were assumed to be linked.

Crossover values were determined by the product method. To facilitate
calculation, the tables prepared by limner (10) were used. The observed
ratio was compared with the ratio expected with the calculated percent-

age of Grossing over by use of the Chi-square test for goodness of fit.



KIPERIMEHTAL RESULTS
Variation in Avm Length
Variation in awn length was studied as a preliminary step in

establishing phenotypic awn classes. The data obtained on the plants
selected for study from the Arlington Awnless parent appear in table I,
Some of the differences between mean lengths of central awns were found
to be significant, indicating that environmental factors definitely affect-
ed awn development, Awn points on lateral spikelets were observed on as
many as six of the ten heads taken from some of the plants, Tolerance

within awn classes is based on the results of this study.

Inheritance of Awnednesa

Since it was necessary to summarise the results obtained in both
crosses before the node of inheritance could be explained satisfactorily,
the results obtained with both crosses will be presented first and will be
followed by an explanation of the mode of inheritance,
Arlington Awnless x Atrada, C, I, 5641.- The progeny of this cross had
longer awns than either parent, indicating that each parent carried dominant
or partially dominant genes for the development of awns not carried by the
other. The central awns were approximately two-thirds fully owned, and
the lateral awns were approximately one-half as long as the central awns
(Plate 1),

Transgressive segregation for awnedness was observed in the Fg
generation, the segregates ranging from awnless to fully owned (Plate I1),

The observed and calculated Fg phenotypic ratios are given in table 11,
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Table I Measuremnta recorded and the analysis of variance
calculated on central am lengths as a part of the
study of variation in am length within the Arlington
Amless variety

¥lant Head number
number I 2 3 1 5 6 T~ 8 S 10 Mean S.E.
Length of lateral awn points in millimeters

I 0 0 0 15 0 0 0 0 0 0
2 0 0 0 5 0 0 0 0 0 0
3 7 0 0 0 0 0 0 5 7 10
4 0 0 0 0 0 0 0 5 0 0
5 5 0 0 0 0 0 5 10 5 15
6 5 0 7 7 0 0 7 0 0 0
7 0 0 0 5 7 10 0 15 15 8
8 20 0 15 7 6 0 0 0 0 12
9 5 0 0 0 5 10 0 5 0 0
10 0 10 15 16 0 12 7 0 5 0

Length of central ams in millimeters
25 45 30 40 45 40 7 3 15 20 30.2+4.15

I

2 40 25 25 35 50 25 40 36 25 40 32.0*2.13

3 45 25 25 30 40 40 35 50 40 40 37.0*2.60

4 25 35 35 50 20 so 25 25 25 6 27.5*3.67

5 30 20 40 45 40 60 30 35 40 35 37.5*3.35

6 25 45 20 25 25 15 20 40 30 35 28.0%3.00

7 35 25 45 40 50 50 40 40 50 40 41.5*%2.48

8 50 65 45 50 30 35 25 35 50 35 42.0*5.06

9 46 50 40 3B 25 20 25 25 30 10  30e5+3#83

10 50 45 55 3 55 45 35 56 45 40  46.0*2.45
Analysis of variance on length of central ams

Variation due tot Sum of squares Mean square Variance F

Plants 9 3759.56 417.73 4.07**

Heads 9 1052.56 116.95 1.14

Interaction 81 8317.04 102.68 10.13

Total 99 13129.16

**F value significant at the 1% point

SeEeX m 3.38 ®e®*diffe “ 4.77 Level of Significance (S?%) * 9.35
t - 1.95996
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The calculated 3*6tl:2:3$1 ratio for the awn types 6,5,4,3,2, and | is
the ratio expected with awnedness inherited as a two-factor difference
with complete dominance in one factor pair and incomplete dominance in
the other. When the observed and calculated ratios wore co mpared, a P
value of 0.66 was obtained indicating that the observed ratio fit the
calculated ratio closely.

Table Il  Observed and calculated Pg phenotypic ratios for awn
types in Arlington Awnless x Atrada, C. |. 5641

Number or indicated phenotype
Fully fF1  Atiada Beduoed Arlington Awnless
awned type type Atrada Awnless

Item (6) (5) (4) type(3) type(2) (1) Totals X2 P
Observed

counts 19 42 6 13 15 3 97

Calculated

3:6*1:2:3:1

ratio 18.19 36.38 6.06 12.12 18.19 6.06 97.00 3.258 0.66

The observed Fg genotypic ratio as determined by the Fg segregation
and the calculated genotypic ratio are given in table Ill. The calculat-
ed 1i2i2t4sls2ils2il genotypic ratio for awnedness is the ratio expected
with inheritance on a two-factor basis with independent assortment of
the two factor pairs. The observed ratio fit the calculated ratio closely,

a P value of 0.71 being obtained.
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Table Il Observed and calculated Fg genotypic ratios for awnedness
as determined by the Fg segregation in Arlington Awnless
x Atrada, C. I. 5641

Calculated
Numerical ~ Observed [i2t2i4ili2tLi2tl

Genotypes awn class counts ratio X2 p value
LrjLrlLk6Lk5 6 6 6.0625

LriLrlLk6lk5 6 13 12.1250

Lrllr1Lk6Lk6 5 11 12.1250

Lrllr1Lk61k6 5 31 24.2500

LriLrllk61k6 4 5 6.0625

Lrilr1Ik51k5 3 13 12.1250

Ir1lr1Lk5LK5 2 7 6.0625

Ir1lr1Lk51k5 2 8 12.1250

Irdlrllk51k5 I 3 6.0625

Totals 97 97.0000 5.392 0.71

Arlington Avmlsss x Atrada, C. |. 5638.- The FL progeny of this cross had
longer awns than either parent indicating that in this cross also each
parent carried dominant or partially dominant genes for the development of
awns not carried by the other. The central spikelets were approximately
two-thirds fully awned, and the lateral awns were approximately one-half
as long as the central awns (Plate I).

The awn types observed in the Fg generation were 2,3,4,5, and 6

(Plate 11)e The observed and calculated phenotypic ratios are given in
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table IVe When the observed ratio was compared with a calculated
5t6tl:2i4 ratio for the aim types 6,5,4,3, and 2, a P value of 0.83 ms
obtained, indicating that the observed ratio fit the calculated ratio
closely. The calculated 3:6:1*2*4 ratio is the ratio expected if awned-
neos is inherited as a two-factor difference with complete dominance in
one factor pair and incomplete dominance in the other with the I r ~ and
Ir"lk4 phenotypes indistinguishable.

Table IV Observed and calculated Pg phenotypic ratios for awned-
ness in Arlington Awnless x Atrada, C. |I. 5638

Humber of indicated phenotype
Fully P1 Atrada Reduced Arlington

awned type Atrada  Awnless type
Item (6) (5) (ST type(3) (2) Totals X2 P
Observed
counts 15 34 6 9 17 81
Calculated
3:6:1:2:4
ratio 15.19 30.38 5.06 10.12 20.25 81.00 1.484 0.83

The Fg genotypic ratio as determined by the Pg segregation and the
calculated genotypic ratio are given in table V. The calculated 1;2*2:4:
1:2:4 ratio for awnedness is the ratio expected with awnedness inherited
as a two-factor difference with the tiro factor pairs independently assorted
when the Irlir*Lk4Lk4, IrllrlLk4lk4, and Ir~Irllk41k4 genotypes cannot be
satisfactorily differentiated. When the observed and calculated ratios
were compared a P value of 0.62 was obtained. This agreement between the
observed and theoretical ratios indicates that the assumption of a tvro-

factor difference for awnedness is probably correct.
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Table V Observed and calculated Fg genotypic ratios for atmednesa
as determined by the Fg segregation in Arlington Awnless
x Atrada, C. |. 5638

Calculated
Awn Observed 1i2i2:4tl:2:]j
Genotype class counts ratio X2 p value
LriLriLkjLkj 6 3 6.0625
LriLriLkjlkj 6 12 10.1250
LfjlriLkjLK] 6 7 10.1250
LrilriLkjlkj 5 27 20.2500
LriLfjlkjlkj 4 6 5.0625
LfjlrjIk"Ikj 3 9 10.1250
IrjlIfjLKkjLK] 2
IrilriL kjlkj 2 17 20.2500
Irilrilkjlkj 2
Totals 81 81.0000 5.193 0.52

An attempt was made to separate the three genotypes, IrilriLk”*LKj.,
IrilriL kjlkj*and 1*1llrilkjlkj,that were grouped into the phenotypic awn
class 2, The central awns of fifteen Fg families grown from Fg plants
included in this group were measured. The lengths recorded wore grouped
into classes of 10.0 nan. and the frequency distribution of each family
was compared to the distribution of awn lengths in the Arlington Awnless
parent variety. The frequency distribution of central awn lengths in
these Fg families and in Arlington Awnless are presented in table VTe
From these distributions it is evident that most of these families were
different from Arlington Awnless, but it would be necessary to grow an
additional generation to determine whether or not the genotypes could be

distinguished.
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Table Tl Frequency distribution of central aim lengths in Fg
families groim from fifteen Fg plants classified as
having the Arlington Aimless, or 2, aim type

Family Length in millimeters
number 0.0-9.9 10.0-19.9 20.0-29.9 30.0-39.9 40.0-49.9 50.0-59.9

57 5 8 0 0 0 0

7 17 ? 8 6 0 I

8 TT 24 12 2 I 0

14 I "G 15 7 0 0
72 0 15 10 10 4 I
73 6 TZ 11 7 5 0
TI 12 TZ 18 13 5 0
4 5 11 77 8 6 0

9 4 11 TZ 6 2 0

5 I 6 — 10 2 0

28 4 6 7 To 3 0
2 0 6 9 77 8 I

75 0 0 2 TZ 13 7
3 I 5 4 -z 8 I
74 0 0 0 6 7z 6

Arlington

Aimless 0 I 0 5 2 2

The results indicate that in each cross awnednoss was inherited as
a two-factor difference with complete dominance in one factor pair and
incomplete dominance in the other. In each parent in the two crosses one
of the factor pairs was in the dominant and the other in the recessive
condition. On the basis of segregation observed, it was concluded that
in each cross one factor pair affected lateral awn development primarily
and the other factor pair affected awn length only.

The factor pair for normal versus reduced lateral awns was designated
LrAIr~. Since the Arlington Awnless parent had no lateral awns, it was
assumed that it carried the factor pair for lateral awn development in the

recessive condition (Ir-~rn).
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Although the aims of the two Atrada parents are similar, these var-
ieties carry different dominant factors for aim length”/. The factor for
am length carried in the recessive condition in Atrada, C. I, 6638, ms
reported by Sturm (18), who designated it Lk4lk4. This variety carried
one factor for aim length in the dominant condition, which is designated

in this study. On the basis of these facts tmd on the assumption
that Arlington Aimless carries Lr? the recessive condition, the geno-
types of the Atrada parents would be: Atrada, C. |I. 5641, LrilLrllLk4Lk4
Ik51k5, and Atrada, C. |I. 5638, LriLrilk4lk4Lk5Lk5. Since the results
indicated a two-factor difference in each cross, the genotype of Arlington
Awnless ms assumed to be IrilriL k4Lk4Lk5Lk5. Hypothetical genotypes of
the Fg generation segregates were based on these parental genotypes.
These Fg genotypes and the segregation observed in the F5 generation are
given in table VII.

The closeness of fit of the phenotypic and genotypic ratios observed
in the two crosses to the ratios expected on the basis of the hypothesis
formulated indicate that this hypothesis is probably correct.

The presence of the dominant awn length factor Lk4Lk4 in the aimless
segregates from the cross Arlington Awnless x Atrada, C. |. 5641, can be

satisfactorily explained if it is assumed that this factor pair (Lk4) is

dependent on the presence of Lrl in the dominant condition in order to

produce any effect. Conversely, the absence of any aimless segregates in

5/ Unpublished data on awn inheritance studies by S. C. Litzenberger,
Montema Agricultural Experiment Station, Bozeman, Montima.
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Hypothetical genotypes and observed breeding behavior

of the Fg generation segregates in Arlington Avmloss x
Atrada, C. I* 5641, and Arlington Avmless x Atrada,

Table VII
C. 1. 5638
Grenotypic
ratio Fg genotype

Arlington Awnless x Atrada, C.

I
2

2

2

Arlington Amless x Atrada, Ce I.

I
2

2

IrilriLkfllikgLksLks
LriLriiLk4 Lk LKk51k5

Lrllr1Lk” Lk _kgLkg
Lrjlr~Lk k™ Lkglkg
LriLrllk4Lk41k51k5
Lrilr1Lk4Lk41k51k5
Irllrllk4Lk4Lkglkg
Ir1lrlLk41k4 LK5Ik5

Ir1ir1Lk4Lk41k51k5

LriLrllk4Lk4Lk5LkS
LriLrllk41k4LkgLk5

Lrilr 1L k"k4Lk5LKk5
Lrl1rlLk41k4Lk5Lk5
LriLrl1k41k4Lk51k5
Lrlir11k41k4Lk6LKkS
Ir1lriInMk4lk4Lk51kS

Ir1rl Lk4lk4LKk5LK5
Irilrillc4Bc4Lk5LkS

Numerical
am class

5641

2

5638

6
6

5

Hienotypie

Segregation ObseiiV-

ed in the Fjgomratim

True breeding.
Segregating for
classes 4 and 6.
Segregating for
classes 2,5 and 6.
Segregating for all
classes, | to 6,

True breeding (Atrada
type)

Segregating for
classes 1,3, and 4.
True breeding (Arling-
ton Avmless type).
Segregating for
classes 1 and 2.

True breeding.

True breeding.

Segregating for
classes 4 and 6.
Segregating for
classes 2,5, and 6.
Segregating for
classes 2 to 6.

True breeding (Atrada
type).

Segregating for
classes 2,3, and 4.
True breeding (Arling-
ton Avmless type).
Apparently true breed-
ing.

True breeding.
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the progeny of Arlington Awnless x Atrada, C. |I. 5638, can be explained
by the presence of the length factor LkgLkg in the dominant condition if
this factor is assumed to be independent of L% in its expression#

Pron inspection of the genotypes listed it can be seen that normal
lateral awns was partially dominant over reduced since the segregates
carrying Lr™r™ in the heterozygous c¢ ndition were less awned than those
carrying this factor pair in the homozygous dominant condition. 1t can
also be seen by comparing the segregates in classes 2, 5, and 6, which
carried Ir~Ir”~, LrAIr”, and LrALr™ respectively that this factor pair
affected length of central awns with long awns partially dominant over
short# The central awns in class 2 were short, in class 5, intermediate,
and in class 6, long.

In each of the factor pairs affecting awn length only (Lk"lk” and
Lkblkg)long tmS apparently completely dominant over short. The segregates
that carried the length factor (Lk*, or Lkg) in the homozygous dominant
condition could not be distinguished on a visual basis from those that

were heterozygous for the same factor pair#

Inheritance of Aleurone Color
in Arlington Awnless x Atrada, C. I, 5638

Segregation for blue and white aleurone was observed on the heads,
but no attempt was made to analyze this segregation in this generation.
Ratios were determined on the plant basis in the Fg generation and wore
corrected after checking segregation in the Fg generation. Of the 80 Fg

plants classified, 60 were classified as blue and 20 as white. The observed
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ratio fit a calculated 3:1 ratio exactly, indicating a single-factor
differencee

The breeding behavior of 77 of the F2 plants ms observed in the
F3 generation. The observed and calculated F2 genotypic ratios as de-
termined by the F3 segregation are given in table VIII. AP value of
0.72 ms obtained, indicating that the observed ratio fit the calculated
1:2:1 ratio closely. This closeness of fit to a monohybrid ratio indicates
that aleurone color was inherited as a single—factor difference.

Table VTIlI Observed and calculated F2 genotypic ratios for blue

versus mwhite aleurone as determined by the F3
segregation of Arlington Awnless x Atrada, C.l. 5638

Number of indicated genotype

N 2BI2 Blgblg blgblg Totals X2 P
Observed 17 42 18 77
counts
Calculated 19.25 38.50 19.25 77.00 0.662 0.72
1:2:1
ratio

Inheritance of Growth Habit in
Arlington Awnless x Atroda, C. I* 5641

The plants of the F~ generation made an erect type of growth, in-
dicating that spring habit of growth was dominant over winter.

The F2 phenotypic and genotypic ratios as determined by the Fg
segregation are given in tables IX and X respectively. The phenotypic
ratio fit a calculated 3:1 ratio closely, a P value of 0.50 being obtained.
The genotypic ratio fit a calculated 1:2:1 ratio closely since a P value

of 0.61 was obtained
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It Tsas concluded that growth habit was inherited as a single-factor
difference in this cross. Spring habit of growth was apparently complete-
ly dominant over winter*

Table H Observed Pg phenotypic ratios for spring versus winter

growth habit in Arlington Awnless x Atrada, C. I* 5638,
and in Arlington Awnless x Atrada, C. I. 5641

Number of indicated phenotype a/
Cross Spring Winter totals X2 P

Arlington Awnless x
Atrada, C. I* 5641 76 21 97 0.501 0.50

Arlington Awnless x
Atrada, C. I* 5638 66 15 81 1.815 0.18

Compared with a calculated 3:1 ratio*
Inheritance of Growth Habit in
Arlington Awnless x Atrada, C* |. 6638

The plants of this cross also made an erect type of growth, in-
dicating that spring habit was dominant over winter.

The observed and calculated Fg phenotypic ratios are given in
table IX* Of the 81 Fg plants classified, 66 were of the erect type and
15 were decumbent* A P value of 0*18 was obtained when the observed ratio
was compared with a calculated 3:1 ratio. Although this is a relatively
poor fit, the segregation observed in the Fg generation indicated that
the inheritance of growth habit was on a major single-factor basise

The observed and calculated Fg genotypic ratios as determined by
the Fg segregation are given in table X. Of the phenotypically spring

habit plants 29 bred true and 37 segregated for spring and winter habit.
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and tne 16 winter habit plants bred true. When this observed ratio xvas
compared with a calculated 1:2:1 ratio, a P value of 0.07 was obtained.
On the basis of the breeding behavior of the F2 plants it was concluded
that this character was inherited as a single-major-factor difference.
The poor fit to a monohybrid ratio may have been caused by other factors
not detected in this study. Additional work with this cross would be
necessary to determine whether or not this is true.

Table X Observed F2 genotypic ratios for spring versus winter
growth habit as determined by the F* segregation in

Arlington Awnless x Atrada, C. I. 5638 and in Arlington
Awnless x Atrada, C. |I. 5641

Number of indicated genotype a/
Item Spring Heterozygous Winter Totals X2 p

Arlington Awnless
x Atrada 5641 28 48 21 97 1.021 0.61

Arlington Awnless
X Atrada 5638 29 37 15 81 5.445 0.07

a/ Compared with a calculated 1:2:1 ratio.

Inheritance of Density of Spike in
Arlington Awnless x Atrada, C. |I. 5638
The spikes of the plants were lax, indicating that lax was
dominant over dense.
The observed and calculated F2 phenotypic ratios are presented in

table XI. Of the 81 F2 plants grown, 65 were classified as lax «nd 16

as dense. When this observed ratio was compared with a calculated 3:1
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ratio, a P value of 0*30 i.as obtained, indicating that the observed ratio
fit a monohybrid ratio fairly well.

Table XI Observed and calculated Fg phenotypic ratios for lax

versus dense spike in Arlington Aimless x Atrada,
C. l. 6638

Number oilindicated phenotype

Item Lax Dense Totals P
Observed counts 65 16 81
Calculated 60.75 20.25 81.00 1.189 0.30
3:1 ratio

The observed and calculated Fg genotypic ratios as determined by
the Fg segregation are presented in table XII. When the observed ratio
of 24 homozygous lax, 41 heterozygous, and 16 homozygous dense was com-
pared with a calculated 1:2:1 ratio, a P value of 0.46 was obtained.

Table XII Observed and calculated Fg genotypic ratios for lax
versus dense spike as determined by the Fg segregation
in Arlington Awnless x Atrada, C. I. 5638

Number of indicated genotype
lax Heterozygous Dense

Item LgLs LglG icie Totals X2 p
Observed counts 24 41 16 81
Calculated 20.25 40.50 20.25 81.00 1.593  0.46
1:2:1 ratio

It was concluded that a single factor pair controlled the inheritance
of spike density in this cross and that the lax condition was dominant

over dense.
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Linkage Relationships in
Arlington Awnlese x Atrada, C. |I. 5641

Characters inherited independently.- The observed and calculated genotypic
ratios for the characters inherited independently in this cross are given
in table XIIlI. The calculated dihybrid genotypic ratio expected with in-
dependent assortment is 1*2:2:4:1:2:1:2:1. The observed segregation be-
tween character pairs was compared with this theoretical ratio.

The three characters studied in this cross, normal versus reduced
lateral awns, long versus short awns, and growth habit, were all in-
herited independently of each other. The ratio for normal versus re-
duced lateral awns and long versus short awns (Lr*rA*Lkglkg) fit the
calculated ratio closely, a P value of 0.71 being obtained. When the
ratio for each of these characters was combined in a dihybrid ratio with
spring versus winter habit, good fits to independent ratios were obtained,
the P value in both cases being 0.90.

Ho linkages were observed in this cross.

Linkage Relationships in
Arlington Awnless x Atrada, C. I. 5658

No attempt was made to determine the linkage relationships of spring
versus winner habit in this cross. Although this character appeared to
be inherited as a single-major-factor difference, the observed ratio in
the Fg generation did not fit a monohybrid ratio closely enough to justify
its use in linkage determinations.

Characters inherited independently.- The observed and calculated Pg

genotypic ratios for the characters inherited independently in this cross



Table XI1Il Observed and calculated Pg genotypic ratios for spring versus winter habit of growth

and two factors for awnednoss as determined by the P3 segregation of Arlington
Awnless x Atrada, Ce |. 5641

Genotype Number of indicated genotype
studied AABB AABor AaBB AaBb AAbb Aabb aaBB aaBb  aabb Totals X2
Observed counts
Lrllr1LK51k5 6 13 11 31 5 13 7 8 3 97 5.392
LrllrlE e 6 13 16 27 5 11 6 8 6 97 3.496
LkS5Ik5E e 6 11 15 28 7 9 7 9 6 97 3.454
Calculated
ratio 6.06 12.13 12.13 24.24 6.06 12.13 6.06 12.13 6.06 97.00

Table XIT Observed and calculated Fg genotypic ratios as determined by the Pg segregation
characters inherited independently in Arlington Awnless x Atrada, C# |l e 5638

Genotype Number of indicated genotype
studied AABB AASh AaBB AaBb AAbb  Aabb aaBB aaBb  aabb Totals x2
Observed counts
Lrilr1Lk41k4 3 12 7 27 6 9 — 17 — 81 5.193
11 1F11G 1G 5 12 11 21 4 11 8 8 I 81 6.842
Calculated
ratio 5.06 10.13 10.13 20.24 5.06 10.13 5.06 10.13 6.06 81.00

Observed counts

Lf11f1p1211 2 6 11 9 23 4 9 2 8 5 77 3.430

LglgBlgblg 3 12 10 23 8 6 4 7 4 77 6.612
Calculated ratio 4.81 9.63 9.63 19.24 4.81 9.63 4.81 9.63 4.81 77.00
Observed counts

Lk41k4BIgbl2 8 10 5 16 4 6 2 8 5 64 7.375

Calculated ratio 4 8 8 16 4 8 4 8 4 64

0.71
0.90
0.90

for

0.52
0.66

0.90
0.58

0.50
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are given in table XIV. AIl of the observed ratios except one vrore com-
pared with calculated 1i2i2i4«1i2ili2il genotypic ratios. Die observed
ratio for normal versus reduced lateral awns and long versus short awns
(Lr™MIrALk™MKk”N) was compared with a calculated 112:2t4:1:2:4 ratio, since
the three genotypes Ir1lrilLk4Lkd, IrlliriLkd4lk4, and Irllrlik4lk4 could
not be distinguished.

When the observed and calculated ratios for the genotype Lrllirl1Lk4lk4
were compared, a P value of 0.52 was obtained, indicating that these two
characters were inherited independently. Lax versus dense spikes (Lglg)
and blue versus white aleurone (Blgblg) wore also inherited independent-
ly of normal versus reduced lateral awns. The P values obtained for
these comparisons were 0.56 for LrllrlLglg and 0.90 for Lrllr1BIgblg.

The observed ratio for spike density and aleurone color (LglgBlgblg)
gave a P value of 0.58 when compared with the calculated ratio which
indicated that these characters were inherited independently. Aleurone
color was found to be inherited independently of the factor pair for
awn length (Lk4lk4)also, as indicated by the P value of 0.50. In this
observed ratio only 64 individuals of the Fg population were used. It
was necessary to omit the 17 plants grouped in awn class 2 because the
genotypes included in this group contained the three combinations of the
factor pair for am length, Ik4Lk4, Lk4lk4, and lk4lk4.

Characters linked in inheritance.- The observed and calculated Fg geno-
typic ratios for long versus short awns and lax versus dense spikes are

given in table XV. Vfhen the observed and calculated ratios were compared,
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a P value of 0.06 was obtained. This would indicate that these characters
were probably linked. The percentage of crossing over calculated by the
product method was 24.18 + 6.30 percent. The observed phenotypic ratio
and the calculated ratios with independent assortment and with 24.18
percent crossing over are given in table XVI. The observed ratio fit
the calculated 9:3i3tl ratio poorly, the P value being between 0.01 and
0.02. Aclose fit to the ratio expected with 24.18 percent crossing
over was obtained. The P value for this comparison was 0.95, indicat-
ing that these characters were linked.

Table XV Observed and calculated Pg genotypic ratios as determined

by the Fg segregation for long versus short awns and lax
versus dense spikes in Arlington Awnless x Atrada, C. I.

5638
Calculated
Fg genotype Observed 1i2i2i4ils2:li2tl
counts ratio X2 P value
Lk4Lk4L6L6 6 4
Uc4Lk4L61 6 6 8
Ncdlk4116L6 10 8
Lk41k4L61 6 21 16
Lk4Lk4l 61 6 0 4
Lk4lk4lglg 8
Ik4lk4lglg I 4
Ik4lk4L6l 6 5 8
Ik41k41616 8 4

Totals 64 64 15.043 0.06
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Table XVI Observed and calculated Pg phenotypic ratios for
long versus short aims and lax versus dense spikes
in Arlington Amless x Atrada, C. I. 5638

Humber of indicated phenotype

Long awns Short awns

Lax Dense Lax Dense  Totals X2 P
Observed counts 43 7 6 8 64
Calculated
9t3i3il 36 12 12 4 64 10.444 .01-.02
ratio
Calculated ratio 41,2 6.8 6.8 9.2 64.0 0.335 0.95

with 24.18 per
cent crossing
over
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DISCUSSION

In each of the tiro crosses studied, awtiedness vas inherited as a
tiro-factor difference. In Arlington Aimless x Atrada, C. |I. 6630, the
segregates ranged fron long-aimed to the Arlington Aimless type, and in
Arlington Aimless x Atrada, C. |I. 5641, the segregates ranged from long-
aimed to awnless. A two-factor difference between long-aimed and aim-
less was reported by Myler (14). In crosses of long-aimed varieties on
an aimless one, he observed intermediate true breeding types that wore
very similar in awnedness to the Atrada and Arlington Aimless varieties.
However, Hyler did not report either factor as primarily affecting
lateral aim development. Tfhether or not he observed the effects of
the same factors operating in Arlington Aimless x Atrada, C. |I. 5641,
can be determined only by furtlier study.

A single-factor difference for normal versus reduced lateral awns
witi normal partially dominant over reduced was observed in each cross
in tils study. This factor, which was designated Lrl, also affected the
length of central awns. lkono (9), Glinyany (6), Engeldow (3), Miyake
and Imai (12), and Leonard (11) reported a single factor difference for
this character with partial dominance, but none of these workers reported
any effect of this factor on central awn length. Two of these workers,
(9) and (6), concluded that the factor operated as an inhibitor and was
dominant when lateral awns were reduced.

Although segregation for only two factor pairs was observed in each
of the two crosses, it was concluded that three factor pairs for awnedness

were present in each of the parental varieties. In addition to the factor
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pair for lateral am development, Lrl, two factor pairs affecting am
length only, Lk™ and Lkg, were present. lhe am length factor, Lk*,
for which segregation was observed in Arlington Awnlees x Atrada, C. I.
5638, was apparently the saiie factor reported by Stum (19). He observ-
ed a single-factor difference between long and short awns in Atrada,

C. 1. 5630, x Irebi-Velvot. A single-factor difference between long and
short awns has also been reported by Glinyany (6) and Miyalce and Imai
(12). Atotal of three factor pairs affecting awnedness lias boon re-
ported by von Ubisoh (20), Miyake and Imai (12), and lkeno (9).

The inheritance of blue versus white aleurone on a single-factor
basis, as observed in Arlington Awnless x Atrada, C. |I. 5638, has been
previously reported by Miyazawa, So, and Imai (13), Buckley (2), Robert-
son, Doming, and Koonce (17), and Ttylor and Stanford (15). Btyler and
Stanford also reported a 9:7 ratio for blue to white in a cross of two
white varieties. Xenia was observed in this study and was also reported
by all of these workers.

Spring versus winter habit was apparently inherited on a major
single-factor basis in both crosses studied, but difficulty in classifi-
cation and the poor fit of the observed ratio to a nonohybrid ratio in
Arlington Avmless x Atrada, C. |I. 5638, Indicated that other factors
may have affected this character in this cross. Spring versus winter
habit was previously reported to be inherited as a two-factor difference
by Gaines (6) and as a throe-factor difference by Neatby (16).

The inheritance of lax versus dense spikes on a single-factor basis

with lax dominant ovor dense, as observed in Arlington Awnless x Atrada,
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C. I. 5638, is in agreement with results reported by Biffen (l), Stura
(19), Miyake and Imai (12), and Wexelsen (21). Wexelsen (22) observed
a two-factor difference in some crosses studied. Neatby (16) reported
a single-factor difference with minor modifying factors present, and
von Ubisch (20) reported a three-factor difference. Hayes and Harlan
(8) found dense dominant over lax in crosses that they studied.

The data obtained are not sufficient to place the factor pairs in
linkage groups because none of the characters studied were controlled by
known factors of known location. Those characters shown to be inherited
independently can be considered to be in different linkage groups or over
50 crossover units apart on the sane chromosome. Those characters found
to be linked are in the same linkage group.

Because of the difficulty of classification and the resultant skew-
ed monohybrid ratio for spring versus winter habit in Arlington Aimless
x Atrada, C. |I. 5638, no attempt was made to determine the linkage re-
lationships of this character in this cross.

The only characters that were shown to be linked were lax versus
dense spikes and long versus short awns. These characters were linked
in the coupling phase with 24.18+6.30 percent crossing over in Arling-
ton Awnless x Atrada, C. I. 5638. Stum (19) observed this same linkage
with approximately 23 percent crossing over in Atrada, C. |I. 5638 x
Trebi-Velvet. Since the Atrada parent occurred in both crosses and
since the crossover percentages were not significantly different, it
was concluded that the sane factor pairs probably controlled these

characters in both crosses.
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The linkage relationships of the characters studied in the two
crosses are summarized below.
Arlington Awnless x Atrada, C. |. 5641
Long versus short awns inherited independently of
Normal versus reduced lateral awns
Spring versus winter habit
Normal versus reduced lateral awns inherited independently of
Spring versus winter habit
Arlington Awnless x Atrada, Ce I# 5658
Long versus short awns inherited independently of
Normal versus reduced lateral awns
Blue versus white aleurone
Normal versus reduced lateral awns inherited independently of
Blue versus white aleurone
Lax versus dense spikes
Lax versus dense spikes inherited independently of
Blue versus white aleurone
Long versus short awns linked in inheritance with
Lax versus dense spikes with 24.18 + 6.30 percent crossing
over
Spring versus winter habit
Linkage relationships were not determined for this

character in this cross
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SUMMAHT

Tho inheritance of awnedness and growth habit in Arlington Aw-
less x Atrada, C. |I. 5641, and the inheritance of awnedness, growth
habit, aleurone color, and spike density in Arlington Awnless x Atrada,
Ce I, 5638, were studied.

Three different factors for awnedness were found in the two
crosses studied, Awnedness was inherited as a two-factor difference
in each cross, with apparent complete dominance in a factor pair for
length of awns and partial domianoe in a factor pair for normal versus
reduced lateral awns and length of awns. The factor for normal versus
reduced lateral awns was designated Lr~, This factor was carried in the
recessive condition in Arlington Avmless and in the dominant condition in
the two Atrada varieties. The factors for length of awns were designated
Lk™ and Lkg. Arlington Awnless carried both of these factors in the
dominant condition; Atrada, C. 1, 5641, carried Lk” in the dominant
condition and Lkg in the recessive; and Atrada, C, I, 5638, carried
Lk™ in the recessive condition and Lkg in the dominant. True-breeding
long-awned types were obtained in each cross. These carried all three
factors in the dominant condition. True-breeding awnless segregates
carrying Lr® and Lkg in the recessive and Lk™ in the dominant condition
were obtained in Arlington Awnless x Atrada, C. |, 5641, Mb awnless
segregates were obtained in Arlington Awnless x Atrada, C. I, 5638; the
segregates carrying Lr™ and Lk™ in the recessive and Lkg in the dominant

condition had awns similar to those of the Arlington Awnless parent.
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Blue versus white aleurone, spring versus winter habit, and lax
versus dense spikes were each inherited on a single-factor basis. In
each case, the dominant character is listed first. Xenia was observed
in the inheritance of aleurone color.

The linkage relationships of spring versus winter habit in Arling-
ton Awnless x Atrada, C. I. 5638, were not determined because the ratio
obtained for this character in the Pg generation did not fit a monohybrid
ratio closely, although the Pg segregation indicated a single-factor
difference.

Long versus short awns was linked with lax versus dense spikes with
24.18 * 6.30 percent crossing over. AIll other combinations of characters
studied showed independent assortment*

The genotypes of the parent varieties as determined for the characters
used in this study are*

Lateral Aleurone Spike Growth
Variety awns Am length color density habit

Atrada, C. I. 5641  LrALr™  Lk4 Lk4 Ik6 IK5 BI2BI2 1@dS BB

Arlington Awnless Iritird Lk4 Lk4 Lkg Lkg BI2BI2 e 0

Atrada, C. |. 5638 LrALrA Ik4 1k4 Lkg Lkg bl2bl2 1B1B EE



.48.
LITERATURE CITED AKD COKSULTED

I* Biffen, R. H. The hybridization of barleys. Jour. Agre Soi.,
2t183-206. 1907.

2. Buckley, G. F. H. Inheritance in barley with special reference to
the color of caryopsis and lemma. Sci. Agr.,
10i460-492. 1930.

3. Engeldow, F, L. Inheritance in barleyt The lateral florets and the
r&chilla. Jour. Genetics, 10:93-108. 1920.

4. Fisher, R, A. Statistical metiods for research workers. Edinburgh
and London: Oliver and Boyd. ed. 3.283 pp. 1930,

5. Gaines, E. F. Inheritance in wheat, barley, and oat hybrids. Wash.
Agr. Exp. Sta. Bui, 135:42-45. 1917.

6. Glinyany, IlI, P, Inheritance of awns and hoods in crosses between
Hordeum vulgare var. nudlhaxtoni x Hordeun vulgare var.
trifurcatun. Bui. Appl. Bot., Gen., and Plant Breeding.
Series 11, 7:355-376. 1937.

7. Harlan, H. V. Some distinctions in our cultivated barleys with re-
ference to their use in plant breeding. U.S.D.A. Bui.
137. 38 pp. 1914,

8. Hayes, H. K., and Harlan, H. V. The inheritance of the length of
intomode in the rachia of the barley spike* U.S.D.A.
Bui. 869. 26 pp. 1920.

9. lkeno, S. Genetic study on the awns of a variety of six-rowed barley.

Int. R. Sci. and Prace Ag., 9:439-441. 1918.



_49.

10# IErter, Fe Re Foiiiulae and tables for calculating linkage in-
tensitiese Genetics, 15i81-98# 1950e

lie Leonard, W¢ He Inheritance of reduced lateral spikelet appendages
in the lJudihaxtoni variety of barley. Jour# Amere
Soce Agrone, 34:211-221, 1942,

12, Miyake, K,, and Imai, Y, Genetic studies in barley, |I. Dot, Mag,
(Tokyo), 36:25-38, 1922. (Translation obtained from
Dr, G, A, Wiebe, Bureau Plant Industry)

15, Miy&zava, B,, So, Il,, and Imai, Y, Crosses between barley with blue
grain and barley with pale yellow grain in Japan;
Apparent segregation in mosaic in the F* explained
by xenia. Int. R, Sci. and Prac. Ag., 10:545-547,
1919.

14. Myler, J. L, Awn inheritance in barley. Jour, Agr. Res,, 65:405-
412. 1942.

15. Ityler, J. L,, and Stanford, E, He Color inheritance in barley. Jour.
Amer. Soo, Agron., 34:427-435. 1942,

16. Heatby, K, W, An analysis of the inheritance of quantitative
characters and linkage in barleys. Sci. Agr.,
9:701-718. 1929.

17. Robertson, D. YJ.,, Doming, G. W., and Koonce, D. Inheritance in
barley. Jour. k?;r. Res., 44:445-466. 1932.

18. Wiebe, G. A., and Inner, F. R. A summary of linkage

studies in barley. Jour. Aiier. Soc. Agron., 33:47-64.

1941.



50-

19. Stum, J. J. Inheritance of awn length, density of spike and rough-
ness of am in a barley cross. Bachelor of Science
thesis, Montana State College. 25 pp. 1942.

20. TJbisoh, G. von Studies and experiments relating to the analysis of
the genetic factors of barley. Int. R. Sci. and Prao.
Ag., 10:1104-1113. 1919.

21. Wexelsen, H. Linkage of a quantitative and a qualitative character
in barley. Hereditas, 17:323-341. 1933.

22. Quantitative inheritance and linkage in barley,

Hereditas, 18:307-340. 1934.



Plate

Plate

51-
DESCRIPTION OF PLATES

Representative heads of each of the parent varieties and the

FI type of Arlington Awnleas x Atrada, C. |I. 6638, and of
Arlington Awnless x Atrada, C. |+ 5641.

Heads of barley representative of each of the six phenotypic
awn classes established for this study. The number of each
figure in the plate corresponds to the number of the awn class
represented. Figure |, awnless type; figure 2, Arlington
Awnless type; figure 3, reduced Atrada type; figure 4, Atrada
type; figure 5, Fi type; and figure 6, fully awned type.
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