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INTRODUCTION

Barley, during the past three decades, has been used considerably
for the study of linkage groups and character inheritance. The com-
mercial varieties are diploids, having seven pairs of chromosomes,

Six linkage groups have been established. According to studies on
interchange by Kramer et al. (195L), two linkage groups, formerly desig-
nated as III and VII, may be separate arms of the same chromosome.

They are now generally considered as one linkage group.

Though more than two hundred characters have been investigated,
less than sixty have been assigned relative positions on genetic maps,
In many cases, selection for good characters is difficult and time con-
suming; however, a knowledge of linkages between desirable characters
can greatly facilitate the work of the plant breeder.

The objectives of this study have been to determine new linkages,
investigate several reported ones, and to further an understanding of
the inheritance of unit characters in barley. Of the 19 factor pairs
selected for this study, four have not been previously assigned to

linkage groups.



REVIEW OF LITERATURE

A number of reviews of genetic research in barley have been pub~
lished: Griffee (1925), Hayes and Garber (1927), Buckley (1930),
Daane (1931), Robertson (1933, 1937), and Smith (1951).

Reviews of linkage studies have been presented by Robertson,
Wiebe, and Immer (1941), Immer and Henderson (1943), Smith (1951),
Robertson, Wiebe and Shands (1947, 1955), and Robertson (1957).
Smith's (1951) review of the genetics and cytology of barley is the
most comprehensive in the field., He perused about 1400 articles, of
which over 900 are listed in his bibliography.

This review will present work on only those 19 factor pairs

which are pertinent to this study.

Inheritance of Factor Pairs

Linkage group I
Normal vs triple-awned lemma (Tr tr). Reports by Immer and

Henderson (1943), Heiner (1958) and Imam (1959) indicate that triple-~
awned lemma is recessive, segregating in a 3:1 ratio,

Deficiens (Vt’) vs two-~rowed (V) vs six-rowed (v). The com-

plicated problem of fertility of the lateral florets and of the num-
ber of kernel rows in barley received a plausible explanation by
Woodward (1947). Whereas Hor (1924) and Huber (Smith 1951), among
others, had earlier concluded that the number of rows of florets was

determined by an allelic series of three genes, Woodward (19L47)




demonstrated that an allelic series of four genes (Vt', Vd, V and v)
were located in Linkage Group I, The deficiens character for rudi-
mentary floral structures in the lateral florets behaves as an allele
of the V, v factor for the two-rowed vs six-rowed condition and is at
least partially dominant to them,

The studies of Buckley (1930), Daane (1931), Neatby (1926), and
Heiner (1958) indicated that a single pair of genes was involved.
Robertson (1929) suggested a two factor-pair inheritance. A ratio of
one deficiens to two intermedium to one six-rowed was obtained by
Byington (1940) and Waddoups (19L9).

Purple vs white lemma and pericarp (Re, rez),, In most ratios

involving purple and white lemmas, purple is a simple dominant over
non-purple (Woodward 1949). Biffen (1907) found that purple lemma,
while inherited in some crosses as a simple dominant, could in other
crosses be inhibited by two dominant complementary genes. Waddoups
(1949) observed a 3:1 ratio in the F, of a cross between purple- and
white-chaffed parents, but one cross between two white-chaffed parents
gave a 9:7 ratio of purple to white in F,. So et al. (Smith 1951)
reported 9:7, 15:1, and 1:2:1 ratios for deep purple, light purple and
colorless in different crosses.

Woodward and Thieret (1953) and Heiner (1958) found both 3:1 and
9:7 ratios in the F,, suggesting that two complementary factors were
involved, Woodward (19L49) obtained one 9:6:1 for dense, dilute
purple and white, and another ratio of 12 purple, 3 blue to 1 white
for pericarp and blue aleurcne in F2 segregation, Environmental
factors, including sunlight, according to Woodward (personal communica-

tion), can cause considerable variation in color expressions involving




purple and red,
Lax vs dense spike (L 1), At the present time there is no all-

inclusive explanation as to what factors determine the length and
density of the barley spike. Smith's (1951) review of the subject
indicated that one, two, three, four and six gene pairs have been
reported.

The laxness or denseness of a spike, according to Rasmusson (1956),
is determined by measuring the length of the ten internodes just above
the second node. However, Aberg and Wiebe (Rasmusson 1956) stated that
internode length varies greatly within a variety. Variations from year
to year, place to place, and from spike to spike, they concluded,
limited its usefulness as a very stable character. Earlier, Harlan
and Hayes (1920) had reported that internode length in barley was a
very stable character,

Normal vs long-awned glume (E e). There is general agreement

that the non-awned glume is dominant and follows a simple Mendelian
ratio, Workers reporting the involvement of a single gene pair were:
Hor (192k), Neatby (1926), Immer and Henderson (1943), Robertson,
Immer, Wiebe and Stevens (19kl), Gill (1951), Woodward (1957),
Andersen (1958), Heiner (1958), and Imam (1959).

Normal vs reduced latersls (Lr 1r), Varied opinions were ex-

pressed in the literature as to the number of gene pairs which affected
the presence or absence of lateral awning. Leonard (1942), after
reviewing some of the earlier studies, decided that appendages (awns
or hoods) on lateral florets were determined by one gene pair. He
noted that normal was dominant over reduced appendages but that they

were present only in six-rowed types. Smith (1951) quoted Dasananda




and Fung as believing that "... one factor was mainly responsible
for the development of the lateral lemma sppendages." Smith con-
tinued:
But Chia interpreted his data on awn inheritance
in crosses among varieties differing in awn length on
both central and lateral florets as the result of five

gene pairs; one affected awn length on central florets,
and four determined awnedness of lateral florets.

Linkage group II
Black vs white lemma and pericarp (B b). Smith (1951) listed

30 articles reporting that black glume is dominant to non-black glume
and segregates in a 3:1 ratio in many crosses, Studies by Woodward
(1941, 1942) revealed evidence of an allelomorphic series of three
genes for degree of black pigmentation of lemma and pericarp: black,
gray and white. The darker color, in each combination, was dominant

over the lighter and segregated monofactorially.

Linkage Group III
Hulled vs hull-less caryopsis (N n). A single gene difference

was recorded by Robertson (1929), Buckley (1930), Daane (1931),
Byington (19L0), Waddoups (1949), Woodward (1955), Heiner (1958,
Al-Jibouri (1953), and Imam (1959). All reported that the F, gene-

rations segregated in a three hulled to one hull-less ratio.

Linkage Group IV

Hoods vs awns (K k). Several researchers, among them Buckley

(1930), Daane (1931), Woodward (1949), Al-Jibouri (1953), and Heiner
(1958), have observed that in most crosses hoods are dominant over
awns in a2 3:1 ratio. Wheatley (1955), however, reported both 3:1 and

917 ratios in F,. In another F, study, Rasmusson (1956) obtained 9




hoods to 3 long awns to L short awns,

After studying data from the P2 generation and a small FB popula~-
tion of crosses involving hooded and short-awned, hooded and long-
awned, and long and short-awned plants, Albrechtsen (1957) concluded:

The inheritance of hoods (K) and awns (k) in these
crosses was determined by two factor pairs (KK and K,Kj).
One or more dominant genes from each of the two pairs is
necessary for the development of hoods., Therefore there
are four possible genotypes for the hooded plants (KK
KoKy, Kk KoKy, KK Lf and Kk K kz). Short awns develop
when the recessive kﬁ) factor is present with the second
factor in either a homozygous dominant (K2K ), heterozygous
(K ), or homozygous recessive (k,_k,) condition. Long

) “awns are developed when the recéssive (k,k,) factor is
%sent in combination with the first factor In the homo-
zygous dominant (KK) or heterozygous (Kk) condition,

Long vs short awns (k k;). Bussell (1936) and Myler (1942) con-

cluded that two gene pairs were responsible for the difference between
certain long- and short-awned (or awnless) varieties. Miyake and Imai
(Smith 1951) believed that there was only a single factor difference
for length of awns in some crosses but that three genes determined the
presence and length of awns in crosses between certain awned and awn-
less varieties.

Elevated hoods v awns (K® k). It was shown by Takahashi et

al. (1953) that the normal (subjacent) nood, the elevated hood and
the long-awn were governed by a multiple allelic series K, Ke and k,
The gene K for normal hood was almost completely dominant over K&
for elevated hood and k for long-awn, while K® was only slightly
dominant over k. The multiple allelic hypothesis seemed to be sup~
ported by the fact that K and K® are both linked with almost equal

intensity with Bl for blue aleurone in linkage group IV,




Non-zoned vs zoned leaf (Z z)., A simple Mendelian ratio of 3

non-zoned to 1 zoned leaf have been recorded by Immer and Henderson
(1943), Wheatley (1955), and Heiner (1958). Woodward (1957), however,
reported another factor pair for zoned leaf which has shown no linkage
with any other gene pair.

Blue vs white aleurone (Bl bl)., Buckley (1930), Daane (1931),

Woodward (1949), Al-Jibouri (1953), Wheatley (1955), and Heiner (1958
have reported a 3 blue to 1 white ratio, Smith (1951) observed that
not only is the expression of the character frequently influenced by
ernvironment but because the blue color is in the aleurone, xenia may

be observed when the cross is made on the white seeded parent,

Factor pairs not classified

Long vs short glume hairs (Gh gh). From F, data on the inherie
tance of glume hair length, Woodward (1950), Isom (1951), Al-Jibouri
(1953), and Heiner (1958) received 3:1 ratios, Gill (1951) took hard-
to-classi fy-material into the F3 from which he received a 1:2:1 ratio
with a good chi-square fit. When Waddoups (19L49) received 3:1, 1:2:1
and 1:1 F2 ratios, he concluded that as many as three factor pairs

were involved,

Non-glossy vs glossy sheath and spike (Gs gs). Simple inheri-

tance in a 3:1 ratio, non-glossy being dominant, has been recorded by
Immer and Henderson (1943), Waddoups (1949), Gill (1951) Wheatley
(1955), Andersen (1958), and Heiner (1958),

Purple vs white auricle (Pry prg). Since the three references

to auricle color were printed in German, Smith's (1951) review will be

quoted in full:




Presence and absence of red pigment in the auricle
was found to segregate in 3:1 and 10:6 ratios in different
crosses (Huber 1920) [dating is mine]. It was assumed
that one gene was mainly responsible for formation of
anthocyanin in the auricle, but this gene did not express
itself except in the heterozygous condition, unless the
other, intensifier gene, was also present in the dominant
condition. Ubisch (1919) observed that red color in the
auricle, nodes and other places was dominant. Gassner
and Straib (1937) observed that a deficiency of N or a
higher concentration of CO2 increased anthocyanin develop-
ment, but that K or P by themselves were relatively in-
effective in changing the concentration of the pigment,

Normal vs many-noded dwarf (Mnd mnd). In the summer of 1918,

according to Harlan and Pope (1922), a two-rowed barley plant having
a large number of extremely short internodes and an abundance of fine
leaves was found in the World Collection at Aberdeen, Idaho. A few
months earlier, Hor (1922) had described a variation of the same
type, in a six-rowed barley which had been found in California,
Harlan and Pope suggested:
The double eppearance of the variation seems to

have one plausible explanation, namely, that it is a

mutation where all the modifications which occur in

the plant are caused by the same factor.

Out of four separate variety crosses made by Harlan and Pope,
involving 233 F2 plants, 181 normal and 52 "dwarfs" were observed,

This is a 3,48:1 ratio.

Previously Reported Linkages

A summary of linkages pertinent to this study, as reported by
various research workers, is presented below. The majority were taken
directly from published reports of the workers themselves., A few
linkages were found in unpublished Masters' theses at Utah State

University. Where original reports were not available for personal




study, the reference sources have been indicated.

Linkage group I

Purple vs white lemma and pericarp (H.e? re7) in Le_lation to

two-rowed vs six-rowed (V V).

Percent Recombination Phase

13.9 5 2.7

13.0 SR L Coupling
L to 8

13.2 oo Coupling
12,0 £ 3.0 (F3) Coupling
12:5 SN (FB) Coupling
Rl e Coupling
14,0 E 1.3 Coupling
10,0 A Repulsion
22.1 2 36.3 Repulsion
26.5 I 1,89 Coupling
120 IS

33,0 = Lo

IEE et . 00 Coupling
1.5 = 6.9 Repulsion
15.6 : 1.5 Coupling

Authority
Myler and Stanford (192L)
Gill (1951)
Woodward and Thieret (1953)
Woodward and Thieret (1953)
Al-Jibouri (1953)
Al-Jibouri (1953)
Woodward (1957)
Woodward (1957)
Woodward (1957)
Woodward (1957)
Albrechtsen (1957)
Andersen (1958)
Andersen (1958)
Heiner (1958)
Heiner (1958)

Imam (1959)
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Purple vs white lemma and pericarp (Re2 re2) in relation to
deficiens vs six-rowed.

Percent Recombination Phase Authori ty
18,0 : 3.2 Coupling Waddoups (1949)
12,0 = 2.6 Coupling Waddoups (19L49)

” + )
32,36 - 1.59 Coupling Imam (1959)

Purple vs white lemma and pericarp (R52 rez) in relation to
normal vs long-awned glume (E e),

Percent Recombination _Phase Authority
26,5 E 2.0 Coupling Woodward (1957)
27.0 : 5.7 Repulsion Woodward (1957)
None Repulsion Woodward (1957)
28.5 : 5.2 Coupling Heiner (1958)
§7.0 = haa Repulsion Heiner (1958)
W7l X 6,06 Coupling Iman (1959)

Purple vs white lemma and pericarp (Re2 rez) in relation to
lax vs dense spike (L 1).

Percent Recombination Phase Authori ty
ol P 2.6 Coupling Woodward (1957)
35.0 = 5.8 Coupling Heiner (1958)
%00 = B9 Repulsion Heiner (1958)

46,05 = 7,16 Coupling Inam (1959)




) 7 8

Normal vs long-awned glume (E e) in relation to lax vs dense
spike (L 1).

Percent Recombination Phase Authority
11.0) = ub0 Repulsion Waddoups (1949)
22 z 1.5 Coupling Woodward (1957)
3.5 = Lo Repulsion  Woodward (1957)
18,13 s 2.5 Coupling Imam (1959)

Linkage group v

Hoods ves awns (K k) in relation to blue vs white aleurone (Bl bl).

Percent Recombination Phase Authority
L0.6 2 2,26 Repulsion Buckley (1930)
22.0 Robertson, Deming and Koonce
(1932)
24,72 = 1.73 Myler and Stanford (1942)
1.0 = 6.3 Immer and Henderson (1943)
30,4 = U407 Coupling Gi11 (1951)
26,5 x 1.5 Coupling Isom (1951)
21.8 Takahashi (1953)
30.0 = 2,0 Coupling Al-Jibouri (1953)
35.5 - 1.9 Coupling Wheatley (1955)
28,5 2 0.9 Coupling Woodward (1957)
3.5 E Tl Repulsion Woodward (1957)
37.0 - 3.3 3:133:1 Woodward (1957)
None Woodward (1957)
37.0 . 3.58 Coupling Albrechtsen (1957)
L3.L 2 3.35 Repulsion Imam (1959)




Hoods vs awns (K k) in relation

-
N

to non-zoned vs zoned leaf (Z ﬂ

Percent Recombination Phase
5,0 = 0,8 Coupling
38,0 = 9.7 Repulsion
27.0 = L.6 Repulsion
38.0 W Sl Coupling
35.5 = 2.5 Repulsion
None Coupling
18.2 = 2.54 Repulsion
b = 2.k Coupling
17.5 < T.4 Repulsion

Authority
Immer and Henderson (1943)
G111 (1951)
Wheatley (1955)
Woodward (1957)
Woodward (1957)
Woodward (1957)
Albrechtsen (1957)
Heiner (1958)

Heiner (1958)
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MATERIALS AND METHODS

The seven crosses used in this study were made during 1957 by
Dr. Rollo W. Woodward at Utah State University. The Fl plants were
harvested and kept separate so that each plant constituted a family,
There were two to eleven families in each cross.

In the Spring of 1958 the Fz generation was thinly planted in
35-foot rows, one foot apart, by means of a four-row cone seeder,

Plants having characteristics subject to change before maturity
were tied with colored strings, These particular characteristics
were: glossy leaf, glossy sheath and head, purple auricle, and
zoned leaf., At maturity all plants were pulled, bundled, tied into
family groups, and properly labeled.

The material was classified according to phenotypic expressions.
Two or three heads from particular character combinations were kept
for future plantings, Two factor pairs were then studied in relation
to each other for independent inheritance or linkage. Chi-square
wag calculated as a test for goodness of fit for each segregating
factor pair and for every dihybrid combination of factor pairs, The
probability values for chi-square were taken from Ostle (1956).
Linkages were determined by the product method, as reported by

Fisher and Balmukand (1928).

ALISYZAINA FIVIS AVIN
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Factor Pairs Used in This Study and Their Gene Symbols

Linkage group I

Normal vs triple-awned lemma ., . . « o o . Tr tr
Deficiens vs two-rowed spike , , ., . . . . viy
Two-rowed vs six-rowed spike . . . . . . . ¥ w
Purple vs white lemma and pericarp . . . . . R.92 r92
Normal vs long-awned glume S il g o g Ee
Lax vs dense spike 2l - fet ke w o e e L1l
Normal vs reduced lateral . « + « o « o o Ly ir

Linkage group II
Black vs white lemma and pericarp R Bb

Linkage group III
Hulled vs hull-less 8 e T p et G e Nn

Linkage group IV

Hoods vs long awns TP O A A Ty gt e S K k
Elevated hoods vs awns o b b e TN, et K® k
Elevated hoods vs long awns Sy I R R T Ke kl
Long awns vs short awns 2, 4 eo¥el e ve dsiie K K2
Non-zoned vs zoned leaf SR e TS S W Zz
Blue vs white aleurone g e w st | g e May PNy Bl bl

Non-classified factor pairs

Long vs short glume hairs . . . . . . . . Gh gh
Non-glossy vs glossy sheath and spike PN 1 Gs gs
Furple: vs whitalanrliels . U e, LN LR T Pr_pr,

Normal vs many-noded dwarf <L NN el Mnd mnd




B 1619

B 1620

B 1629

B 1632

B 1642

B 1643

B 1640

Crosses With Their Segregating Factor Pairs

as Used in This Study

T 258 re, E N

T 339 Re2 e n

T 258 re2 v N Gh

T 365 RBZ V n gh

T 258 E L k’l Z

T1OLh e 1 & 3

T 665 e tr k1

T 352 E Tr K

T 3% re E b Os

T 202 Re, K° Bl gs

T a7 !‘92 ¥ n b kl Pra Gs
T202 ke, v N B pr_ s
T 609 Rez Lrs Mnd k2

T 742 re, 1r mnd kl

# Phase as suggested by the author

15
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EXPERIMENTAL RESULTS

The data from this study will be presented in the following
sequence:

1. The inheritance of individual characters.

2. Factor pairs suggesting independent inheritance.

3. FPactor pairs suggesting linkage,

Inheritance of Individual Characters

Linkage group I

Normal vs triple-awned lemma (Tr tr). Table 1 indicates

that simple Mendelian inheritance is present. The 3:1 ratio is in
accord with earlier research data,

Two-rowed vs six-rowed spike (V v), Each of the 11 families

in table 2 presents substantial evidence that a single factor differ-
is operating in this cross.

Deficiens vs two-rowed spike (Vt V). Deficiens is dominant

to two-rowed, segregating in a 3:1 ratio (table 3). Though the
literature revealed inheritance data regarding only deficiens vs
six-rowed spike, it follows reason that since the two-rowed factor
is an allele of the one for six-rowed, either factor should segregate
alike in the expected 3:1 ratio. Apparently, the hypothesis is con-

firmed,




pl

Table 1, Segregation of normal vs triple-awned lemma (Tr tr) in the
F_ generation, Chi-square and P values are based on a 3:1
ratio. Cross No. B 1632

Family Tr tr Total x2 P
1 63 22 85 2035 8 -9
2 25 15 Lo 2.133 sl = o2
Sum of 2 chi-squares 2.168 03 = .h
Total 88 37 125 1.536 o2 =l o3
Interaction 632 ot = &5

Table 2., Segregation of two-rowed vs six-rowed spike (V v) in the
F, generation, Chi-square and P values are based on a
371 ratio. B 1620

Family v v Total x° P
1 58 22 80 267 A=
2 106 3 137 1.229 22 = .3
3 79 20 99 1,338 02 - .3
L 37 13 50 -027 8 -.9
S L3 9 52 1.640 = .3
6 92 35 127 1.129 o2 =43
7 75 22 96 .209 b=l
8 9L 2L 118 915 .3 - .k
9 10k 37 3 .091 o7 = o8
10 96 23 119 2,042 Jd=2
11 34 12 L6 .22} b T

Sum of 11 chi-squares 9,111 b= T

Total 817 218 1065 1.62) 2= g3

Interaction 7.L487 WOl =g T
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- t ;
Table 3. Segregation of deficiens vs two-rowed spike (V' V) in the
F, generation. Chi-square and P values are based on a
3:?1 ratio, Cross No, 1643

Family vt v Total X P
1 L3 13 56 2095 of = o8
2 3k 23 L7 oL L. 40 =
3 73 27 100 .303 5 - .6
L 85 22 107 1,125 2= o3
5 36 15 51 «529 A= o5
6 L3 12 55 2257 6 =7
5 8 19 10k 2,508 di= 52
Sum of 7 chi-squares L. 99k b = o7
Total 399 121 520 .831 3 - .l
Interaction L.163 I

Table L. Segregation of purple vs white lemma and pericarp (R82 rez)
in the F, generation, Chi-square and P values are based
on a 3:1"ratio, Cross No, B 1619

Family Rez re, Total X2 P
2 79 2 100 853 o3 =k
3 116 L8 164 1,593 2 = 3
L 91 L1 132 2.585 53 = 42
S 6l 1t 81 1.337 o8 = 53
8 L6 LS 21 28.161 < JOL
Sum of 5 chi-squares 34.529 <,01
Total 350 127 L77 8.L51 <,01

Interaction 26,078 <,01
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Purple vs white lemma and pericarp (R.e2 rez). One cross (table

5) shows 3:1 segregation while four crosses (table 6) give 9:7 ratios.,
Evidently, there are one and two genes, respectively, operating within
these crosses, Differences in the concentration of color were ob-
served; unfortunately, these were not distinguished between during
the classification period.

The low P value for Cross 1643 results from 3 families having
low P values themselves. Deviations among the small number of plants
in two of the families increased the chi-square values considerably,

The cross B 1640, as recorded in table 6, was affected by the
factor pair for many-noded dwarf., The 1'2 population of 483 plants
was made up of 322 normal plants and 161 dwarfs. Because one third
of the dwarfs failed to head and some of the remaining two-thirds
were somewhat green, only the nommal plants were analyzed for purple
vs white chaff.

In addition to white, three aleurone colors were observed within
this cross., In the order of most frequent occurrence or amount of
dominance when two or all three colors appeared to be present, were
the colors purple, red and blue,

Lax vs dense spike (L 1). The data of table 7 suggests a 3:1

ratio for Cross B 1619. It may or may not be the true case since
internode length appeared to be too flexible as a standard. In this
cross there were not just long and short internodes but quite a
gradation of them, This prompts the author to believe that there
are more than one pair of contributing genes and/or that environment

exerts some influence.
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Table 5. Segregation of purple vs white lemma and pericarp (Re? rez)
in the F, generation, Chi-square and P values are based on

a 9:7 ragio.
No, of 2
Cross No, Families R52 re, Total X P
B 1620 11 388 28l 672 .557 o - o5
B 1642 9 192 150 342 0200 & = T
B 1643 7 190 121 311 17,632 oL
Sum of 3 chi-squares 18, 389 ¢, 01
Total 27 770 555 1325 «306 .5 =46
Interaction 18,083 {01

Table 6, Segregation of purple vs white lemma and pericarp (R52 rez)
in the F, generation., Chi-square and P values are based on
a 9:7 ratio, Cross No, B 1640

Family P P Total X2 P
3 I 2 62 2,158 d = o2
8 59 L2 101 «192 6 - .7
11 59 31 90 3.067 .05~ .1
12 3% 33 69 66 A= .5
Sum of L chi-squares 6.183 A - .2
Total 195 127 322 2.975 .05 -,1

Interaction 3,208 «3 = ohy
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Table 7. Segregation of lax vs dense spike (L 1) in the F, cenera-
tion, Chi-square and P values are based on a 3:; ratio.
Cross No, B 1619

Family L 1 Total x2 P
2 56 Ly 100 19.253 ¢ o0l
3 107 57 164 8.325 <.01
N 101 31 132 161 6= -7
5 59 22 81 .200 o0 = o7
Sum of U4 chi-squares 27.939 {01
Total 323 154 L77 13.501 {01

Interaction 1h.438 W01
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Normal vs long-awned glume (E e). Three ratios were observed

for this character pair: 3:1 (table 8), 9:7 (table 9), and 15:1
(table 10)., The 9:7 ratio loses some importance because all of

the heterozygotes were included in with the homozygous recessives,
Cross B 1619 which gave the 15:1 ratio, produced very few long

awns or hoods on the glumes when the character was manifested. Not
one plant of the 568 which were classified was completely glume-
awned or -hooded as was expected for the homozygous recessive,

B 1632, the cross having the 3:1 ratio, appeared to be the only
cross where the spike was fully glume-awned or -hooded, depending,
of course, upon whether the same spike was nommally awned or hooded,
Therefore, it appears that one to two factor pairs conditions this
characteristic within these crosses.

Normal vs reduced lateral (Lr 1lr). The 1:2:1 ratio in table

11 suggests a monofactorial inheritance for this characteristic,
This cross, B 1640, had the many-noded dwarf factor present; con-
sequently, only the 322 nomal plants were clascified., Very few of
the dwarfs appeared homozygous recessive for the reduced laterals,

Linkage group II
Black vs white lemma and pericarp (B b). A single factor

difference is indicated in table 12 for the inheritance of black vs
white lemma and pericarp,

Linkage group III
Hulled vs hull-less (N n). Table 13 suggests a monofactorial

inheritance for this factor pair.
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Table 8., Segregation of normal vs long-awned glume (E e) in the F
generation. Chi-square and P values are based on a 3:1
ratio, Cross No. B 1632

2

Family E e Total x2 P
1 60 25 85 .883 o3 = .k
3 22 18 Lo 8,533 < o01
Sum of 2 chi-squares 9,416 < ,01
Total 88 L3 125 1,111 ol = g3
Interaction 8,005 < 01

Table 9. Segregation of normal vs long-awned glume (E e) in the F
generation, Chi-square and P values are based on a 9:7
ratio, Cross No, B 1629

Family E e Total 12 P
2 27 16 L3 . TL6 «3 =k
3 1 L3 11 1.68L sl = 52
5 5k 60 kL .606 b= .5
Sum of 3 chi-squares 3,036 o3 = olt
Total 152 119 27 .002 .95 - .975

Interaction 3.034 2 =.3
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Table 10, Segregation of normal vs long-awned glume (E e) in the F
generation, Chi-square and P values are based on a 15:1
ratio. Cross No, B 1619

Family E e Total X >
2 9l 6 100 .016 8 -9
3 156 8 164 163 b= 55
N 127 5 132 2,13 wli= o2
5 73 8 81 1.922 ol= 52
8 79 12 91 7,460 < o UL
Sum of 5 chi-squares 11,995 .025 - ,05
Total 529 39 568 .38 5 = .6
Interaction 11,627 01 - ,025

Table 11, Segregation of nomal vs reduced latersl (Lr 1lr) in the F2
generation. Chi-square and P values are based on a 1:2:1
ratio. Cross No. B 1640

Family Normal Interme- Reduced Total X P
diates
3 23 23 16 62 5.710 .01 = ,025
8 28 51 22 101 .723 3= 5b
1 23 L9 18 90 1.267 ol = o3
12 25 35 9 69 7.L435 < 01
Sum of li chi-squares 15.135 2,401
Total 99 158 65 322 Te2Lh <01

Interaction 7.891  .025 - ,05




n of black vs white lemma and pericarp (B b) in

Segregatio
F_ generation, Chi-square and P values are based on a
3.21 ratio, Cross No, B 1643
Family B b Total X2 1
1 36 20 56 3.428 <05 = .1
2 33 1 L7 «575 o} = 5
3 76 2l 100 053 B -.9
b 3L 23 107 .695 ot = o5
5 3k 17 51 1.888 I Y
6 18 T 55 L. 117 .025 - ,05
7 81 23 104 .16l 4= 5
Sum of 7 chi-squares 11,517 5 PREE
Total 392 128 520 0Ly ol =109
Interaction 11.473 «05 = 41
Table 13. Segregation of hulled vs hull-less (N n) in the F, gene-

ration. Chi-square and P values are based on a 3:1 ratio.

No. of

Cross No. Families N Total X2 o

B 1619 5 L25 13 568 009 95= 975
B 1620 11 780 285 1065 15953 ol =g
B 1643 L 272 5 367 2153 .7 -.8
Sum of 3 chi-squares 2.115 5= .6
Total 20 W77 523 2000 1.369 @ = o3
Interaction .7h6 20 = 57
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Linkage group IV

Hoods vs awns (K k). The data in tables 1L, 15, and 16 indicate

that hoods and awns are inherited in a ratio of 3 hoods to 1 awn, re-
gardless of the length of the appendage,

Long vs short awns aklkz). Long awns are dominant to short awns,

according to table 17. Simple Mendelian inheritance is suggested.

This is another characteristic which was classified from the
normal plants of B 1640, While this characteristic was evident among
the dwarfed plants, it was felt that since one-third of the dwarfs had
no spikes a more accurate ratio would be gained through classifying
only the normal plants,

Non-zoned vs zoned leaf (Z z). Table 18 suggests that one

factor pair is involved in this cross for this character. The low
probability values are very probably influenced by the mortality of
some immature chlorophyll-deficient plants,

Blue vs white aleurone (Bl bl), The data in table 19 substanti-

ates the reports of previous workers. This character pair is mani-
fested in the ratio of 3 blue to 1 white aleurone., Some difficulty
was encountered in determining the homozygous recessive whites,

Factor pairs not classified

Long vs short glume hairs (Gh gh). Long glume hairs are dominant

to short glume hairs and segregate in a 3:1 ratio (table 20).

Non-glossy vs glossy sheath and spike (Gs gs). This factor

pair segregated in a 3:1 ratio, as is evidenced in table 21,

Purple vs white auricle (Pry prg). Purple auricles are domi-

nant to white auricles, Data in table 22 suggest a single factor

difference.
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Table 1. Segregation of hoods vs long awns (K k) in the F, gene-

ration, Chi-square and P values are based on a 3:1
ratio,

No. of
Families

Cross No.

B 1629 .
B 1632 2 97 28 125 .385 .5 - .6

| Sum of 2 chi-squares 2.7L8 SRl
Total N 289 107 396 961 Sl
Interaction 1,787 ol - .2

Table 15, Segregation of elevated hoods vs awns (K® k) in the F2

generation. Chi-square and P values are based on a 3:1
ratio. Cross No, B 1642

Family Ke X Total x2 P
1 83 29 112 .0L8 naio
2 51 19 70 2102 b
3 28 7 35 .67 ol -5
L L7 20 67 .8L1 .3 -.h
5 91 30 121 .003 .95 - 975
6 7 1 8 667 L= .5
T 66 28 N 1,149 a2 =3
8 98 29 127 s AT o5 = o6
9 Tl 26 o1 .168 o6 =i

Sum of 9 chi-squares 3.832 .9 - .95

Total 5h2 189 731 .263 b = .7

Interaction




F, generation.
3¢1 ratio.

Chi-square and
Cross No, B 1643

Table 16, Segregation of elevated hoods vs long awns (x® kl) in the

values are based on a

x® Ky Total x° P
il 34 22 56 6.095 0L - ,025
2 36 n L7 205k B8 -.9
3 76 2L 100 .053 B - .9
L 80 27 107 .003 .95 ~ 975
5 32 19 51 L.085 .025 - ,05
6 3k 21 55 5.097 .01 - ,025
7 h 30 104 .820 3 = b
Sum of 7 chi-squares 16,207 50l
Total 366 154 520 5.907 .01 - ,025
Interaction 11.300 <,01

Table 17. Segregation of long vs short awns (k1 kz) in the F
Chi-square and P values are based on a 33l
ratio. Cross No, B 1640

generation,

Family i ko Total 4 P
3 L2 20 62 Edigpl ol = 52
8 63 38 101 8,58 <0l
11 58 32 90 5.3u8 .01 - ,025
12 L6 23 69 2,556 ol = 32
Sum of L chi-squares 18,259 <01
Total 209 113 322 17.L9k <.01

Interaction
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Table 18. Segregation of non-zoned vs zoned leaf (Z z) in the F
generation, Chi-square and P values are based on a 3:1
ratio. Cross No, 1629

Family Z z Total X2 P
2 100 1L 11k 9.836 ¢ L0l
3 39 I L3 5.652 .01 - ,025
5 92 22 114 1.976 o= 32
Sum of 3 chi-squares 17.L6L < JOL
Total 231 4O 271 155155 <,01
Interaction 2.309 3 =4

Table 19, Segregation of blue vs white aleurone (Bl bl) in the Fa
generation, Chi-square and P values are based on a 3:1
ratio. Cross No, 1642

Family Bl bl Total x2 P
s 75 37 112 3,857 .025 -~ ,05
2 50 20 70 L76 L-.5
3 26 9 35 .007 é9 = +95
L L3 2l 67 L.18L 025 - .05
5 87 3k 121 .620 alyi=ioh
6 6 2 8 .000 1.0
7 67 27 9L 696 L -.5
8 98 29 127 317 5= .6
9 75 22 97 . 268 b= o7
Sum of 9 chi-squares 10.425 o3 = ol
Total 527 204 731 3,295 .05 - .1

Interaction 7.130 5 = .6




Table 20, Segregation of long vs short glume hairs (Gh gh) in the
F, generation, Chi-square and P values are based on a
3¥1 ratio. Cross No, B 162C

Family th gh Total X2 P
1 62 18 80 . 866 3 ~-.4
2 Ay 26 137 2,503 o) = 2
3 83 16 99 5.320 .025 - .01
L 37 13 50 .027 oD =19
3 Lé 6 52 5.025 .025 - ,01
6 95 32 127 .003 +25 = 915
8 75 21 96 .500 okl =i o5
9 87 31 118 .0l5 8~ .9
10 107 34 11 038 20l = He0
A1 93 26 119 .712 «3 = ol
12 L2 L L6 5.85L .010 ~ ,025
Sum of 11 chi-squares 20.893 025 - ,05
Total 838 227 1065 7.610 <,01

Interaction 13,263 2 =.3
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Table 21, Seg rewat* on of non-glossy vs glossy sheath and spike (Gs
gs) in the F, generation, Chi-square and P values are
based on a 3% ratio, Cross No, B 1643

Family Gs gs Total X2 P
1 L1 15 56 .095 .7 - .8
2 32 15 L7 1,226 2 = .3
3 76 2y 100 .053 B -9
L 78 29 107 .B19 3 -.4
5 35 16 51 1,098 o2 ~ .3
6 LS 10 55 1,363 o2 = n'3
7 77 27 104 .532 M- .5
Sum of 7 chi-squares 5.186 A |
Total 384 13% 520 . 369 o5 = 6
Interaction L.817 abN= 6

Table 22, Segregation of purple vs white auricle (Pr, prg) in the
Fg generation, Chi-square and P values are based on a
3:1 ratio. Cross No. B 1643

Family Pra Pry Total X2 )
1 38 18 56 1,52k Al .= w3
2 30 17 L7 .588 slf = o5
3 80 20 100 14333 02 = o3
L 80 27 107 .003 <35 = 975
L L3 8 51 2359 el =2
6 37 18 55 1,751 ok =32
7 68 36 104 «517 ok = o5
Sum of 7 chi-squares 8,075 o3 =k
Total 376 1hk 520 2.010 ol = o2
Interaction 6.065 L - .5
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Normal vs many-noded dwarf (Mnd mndJ‘. This character warrants

a lengthier report than do the other factor pairs because it has
been studied less,

Many of the same typical characters possessed by the Aberdeen,
Idaho mutant appeared in the F2 generation of this study. One ex-
ception was that the plants of this study were all six-rowed whereas
the original had a two-rowed spike.

The non-normal plants, contrary to their name, were more like
brachytics than true dwarfs. From crown to tip of awns the plants
measured about 18 inches. Whereas the number of nodes in ordinary
varieties of barley varies from three to seven, with the uppermost
node being always the longest - this freak had from 10 to 26 nodes
on each tiller without an elongation of the uppermost internode.
Branching from the approximately 17 culms per plant was profuse, with
49 branches being the maximum number observed,

The factor governing the "dwarf" habit appears (from data in
table 23) to be a simple one for it follows a 3:1 ratio, Usually,
one expects the number of dwarf plants to be less than the expected
ratio for recessives. Contrariwise, in each of the four families
which were classified the total of many-noded dwarfs exceeded the
expected number, insomuch that they almost fit a 2:1 ratio, However,
a 2:1 ratio was not probable because of the great mumber of recessive
plants; this also indicated that there were no lethal factors present.

Three colors besides white were observed in the caryopses:
purple, red, and blue, These were readily examined because the cross

was all hull-less. If chemical tests had been run on the pericarp
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and aleurone colors, a greater amount of information could have been
gathered on the inheritance of these factors,
Out of the 162 dwarfed plants, 56 failed to produce spikes in

ar

y degree of development, Some developed spikes were yet green; this
prevented a total classification of chaff and caryopsis colors. It
was because of this that the classifications for purple vs white chaff,
long vs short awns, and normal vs reduced lateral were presented from

data on the normal plants only.

Table 23. Segregation of normal vs many-noded dwarf (Mnd mnd) in the
F, generation. Chi-square and P values are based on a 3:1
rgtio. Cross No., 1640

Family Mnd mnd Total X2 P
3 62 26 88 1,387 2 = 43
8 110 58 168 8,127 < ,01
11 101 L6 147 3.10L .05 - .01
12 80 32 112 <761 3= .0
Sum of L chi-squares 13379 < ,01
Total 353 162 515 11.LkL9 <.01

Interaction 1.930 .5 = .6
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Factor Pairs Suggesting Independent Inheritance

Linkage group 1

Normal vs triple-awned lemma (Tr tr) in relation to normal vs

long outer glume (Ee). Data in table 2L indicate independent in-
heritance between thece factor pairs. This is contrary to the
reports of other workers. The recombination percentage is 56.7

Two-rowed vs six-rowed spike (V v) in relation to other factor

pairs. Independent inheritance i suggested in table 25 between

V:v and N:n as well as between V:v and Gh:gh.

Deficiens vs two-rowed spike (Vt V) in relation to other factor

pairs. Table 26 lists four factor pairs which are inherited inde-

pendent of deficiens vs two-rowed. They are: B:b, N:n, Ke;kl, and
Gs:gs. None showed recombination percentages of any significance.

Purple vs white lemma and pericarp (Re, r'e?) in relation to

other factor pairs. Those facter pairs which were found to segre-
gate independently in relation to purple vs white lemma and pericarp
were: N:n, B:b, Ke:kl, K®k, Bl:bl, Gs:gs, and Gh:gh. Three
characters from Cross No, B 1643 show unusually high chi-square
values yet their percentages of recombination were never lower than
15.1. These characters, as shown in table 27, are: B:b, Ke:kl,
and Gs:gs.

Normal vs long-awned glume (Ee) in relation to other factor

pairs. Linkages were not found in either of the two crosses, accord-
ing to table 28,Yetween normal vs long-awned glume and Tr:tr, K:Kl,
L:l, and N:n. Cross B 1632 has such few numbers that the low P
value can be regarded as insignificant, especially when the percent

of recombination for both Tr:tr and K:Kl is above 56.7.
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Table 2. Normal vs triple-awned lemma (Tr tr) in relation to nor-
mal vs long-awned glume (E e). Chi-square and P values

are based on a 9:3:3:1 ratio.

Trstr in 2

relation Cross Phase XY Xy xY xy Total X P
to: No.
E:e B 1632 c 65 27 330 100 s 8,388 .025 - .05

Table 25. Two-rowed vs six-rowed spike (V v) in relation to other
factor pairs, Chi-square and P values are based on a
9:3:3:1 ratio,

Viv in 2

relation Cross Phase XY Xy xY xy Total X P
to: No,

N:n B 1620 R 604 213 176 72 1065 l.813 2= ,3

Gh:gh B 1620 R 637 180 201 L7 1065 9.980 .01 - .025

Table 26. Deficiens vs two-rowed spike (Vt V) in relation to other
factor pairs. Chi-square and P values are based on a
9:3:3:1 ratio,

vt

:V in 2
relation Cross Phase XY Xy xY xy Total X P
to: No.
B:b B 16L3 C 31 98 91 30 520 .875 8- .9
N:n B 1643 G al s g5 61l 120 367 2.826 B a5

Ke:kl B 1643 ¢ 289 110 77 Lk 520 5.995 a2

298

B 1643
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Table 27. Purple vs white lemma and pericarp (RBZ rez) in relation
to other factor pairs.

Rezzr‘e2 2
in rela- Cross Phase XY Xy xY xy Total X P
tion to: No.

Chi-square is based on a 9:3:3:1 ratio

N:n B 1619 R 272 102 76 27 477 L.000 .2 - .3

Chi-square is based on a 27:21:9:7 ratio

B:b B 1643 R 25, 86 138 L2 520 28.8L6 < .01
N:n B 1620 R LS6 155 324 130 1065 6131 (1 =~ .2
N:n B 1643 C 17 62 98 33 367 10.342 .01 - ,025
K®:k B 1612 c 307 235 98 91 731 1.76Lh 6 - .7
Ke:kl B 1643 c 2u8 92 118 62 520 25,296 <,01
Bl:bl B 1642 R 306 99 221 105 731 9.489 .01 - ,025
Gs:gs B 1642 R 298 107 243 83 731 X T27 <6 = of
Gs:gs B 1643 R 251 89 133 L7 520 18.015 < 401

Gh:gh B 1620 R L7 1ho 367 87 1055 10,028 ,01 - ,025
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Table 28, Nommal vs long-awned glume (E e) in relation to other
factor pairs.
E:e in 2
relation Cross Phase XY Xy xY xy Total X P
to: No,
Chi-square based on a 9:3:3:1 ratio
Tr:tr B 1632 c 55 2T 33 27 125 8,388 .025 - .05
K:k, B 1632 c 59 23 38 5 125 11.879 < 01
Chi-square based on a 45:15:3:1 ratio
L:l B 1619 R 277 130 L4 26 L77 80,258 <,01
N:n B 1619 c 325 49 82 22 477 6L.6L8 <,01
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A linkage between E:e and L:l in Cross No, B 1619 is doubtful
because the two factor pairs have a recombination of 54,0 0
percent, Classification of head density was not as accurate as the
author wishes it could have been. That, undoubtedly, has influenced
the data of table 28. Recombination of E:e in relation to N:n is
1.0 28,0 percent.

Lax vs dense spike (L 1) in relation to other factor pairs,

Table 29 shows lax vs dense heads in relation to hoods vs awns, and
hulled vs hull-less. The high chi-square value is definitely in-
fluenced by the method of classification., The author places little

faith in the accuracy of the data in this table.

Linkage group I1

Black vs white lemma and pericarp (B b) in relation to other

factor pairs. The data reported in table 30 indicate an independent
inheritance of B:b in relation to: VL:V, N:n, Ke:kl, Gs:gs, Pra:pra,
and Rep:rep. The data for B:b in relation to Rep:rep show a low
probability value but the percentage for recombination does not

indicate linkage.

Linkage group III
Hulled vs hull-less (N n) in relation to other factor pairs.

The two crosses, B 1620 and B 1643, in which hulled vs hull-less
were present, have reliable probability values which suggest that
this factor pair is inherited independent of: V:v, Vt:V, B:b,

K®:k;, Os:gs, and Re,:re, (table 31),

12
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Table 29, Lax vs dense spike (L 1) in relation to other factor
pairs, Chi-square and P values are based on a 9:3:3:1

ratio.
L:l in
relation Cross Phase XY Xy xY xy Total X2 P
to: No.

K:Kl B 1629 R 66 126 36 L3 271 37h.371 <.01

N:n B 1619 R 250 124 73 30 77  17.617 <,01

Table 30. Black vs white lemma and pericarp (B b) in relation to
other factor pairs.

B:b in 2
relation Cross Phase XY Xy x¥ Xy Total X P
to: No.

Chi-square based on a 9:3:3:1 ratio

vhiy B 1643 C 300 91 98 30 52 875 .8 -.9
N:n B 1643 ¢ 20h 73 68 2 %7 .32h .95 - .975
K sk B 1643 ¢ 2/6 116 90 381" Ep0. | G.9hg A =12
Gs:gs B 1643 R 287 105 97 31 520 752 .8 - .9
Pr :pr, B 16L3 R 277 115 99 29 520 1.535 .5- .6

Chi-square based on a 27:21:9:7 ratio

R92:m2 B 1643 c 25h 138 86 2 520 28.8L6 <,01




Table 31.

Hulled vs hull-less (N n) in relation to other factor

pairs.

Lo

N:n in

relation Cross Phase XY Xy xY xy Total 12 P
to: No,
Chi-square based on a 9:3:3:1 ratio
Vv B 1620 R ool 176 223 72 1065 4183 .2 = .3
vhy  B16l3 ¢ a1 6 75 20 BT 2.8% U -.6
B:b B 1643 R 204 68 73 22 %7 .30 .95 - .975
K :kl B 1643 R 190 B2 Th 21 367 L.100 .2 -.3
Gs:gs B 16L3 R | 199073, S7al Saoll B367 & G817 JBi=i9
Chi-square is based on a 27:21:9:7 ratio
Re22r82 B 1620 R L56 324 155 130 1065 6.13 o o2
Re,:re, B 1643 c 17 98 62 33 367 10.342 .01 - ,025
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Linkage group IV

Hoods vs long awns (K k1) in relation to normal vs long-awned

glume, There is no linkage between K:ky and E:e although table 32
data suggest the possibility of it., The calculated recombination
is greater than sixty percent.

Elevated hoods vs awns (Ke k) in relation to other factor pairs.

The relationship of K®:k to other characters is considered in table
33. Spike appendages in the form of awns or hoods were found to be
independent of Gs:gs and Repires.

Elevated hoods vs long awns (K® ky) in relation to other factor

pairs. As is shown in table 3L, K® ky is inherited independently of:
Vt:V, B:b, N:n, Gs:gs, Pry:pry, and Rep:rep. However, there is a
suggestion of linkage between Ke:kl and Pry:pr,, and Ke:kl and Rejp:
rep, Not only do these two factor pairs, }'-’ra:px‘a and Razxrez, have
low probability values but they recombine with L1.2 and 45,1 per-
centage, respectively. However, they are very closely linked in
group I; therefore, it is suggested that there is no association
with group IV,

Non-zoned vs zoned (Z z) leaf in relation to other factor pairs,

Table 35 considers the relationship of Z:z with E:e and L:1,
respectively, The nature of the data may suggest linkage especially
when Z:z recombines with E:e (33.77 ¥ 10.1), and with L:1 (30.58
e Nonetheless, according to table 18, some mortality of the
immature chlorophyll-deficient plants may have occurred. Improper
classification for L:1 and E:e would cause bias. In interpreting

the data, these extraneous factors must be considered,




Table 32. Hoods vs long awns (K k ) in relation to other factor
pairs. Chi-square and P values are based on a 9:3:3:1
ratio,

K: in

2

relation Cross Phase XY Xy xY xy Total X
to: No,

125 11.874 <.01

i

E:e B 1632 C 59 38 23

Table 33. Elevated hoods vs awns (K k) in relation to other factor

pairs.
K®:k in 2
relation Cross ©Phase XY Xy xY xy Total X P
to: No.

Chi-square based on a 9:3:3:1 ratio

Gs:gs B 1642 R ho? 133 132 57 (i B (VG e U8 (R

Chi-square based on a 27:21:9:7 ratio

Re ire, B 1642 C 307 235 98 91 731 1.7k .6 - .7
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Table 34, Elevated hoods vs long auns (Ke kl) in relation to other
factor pairs.

e

K™: in 2
relation Cross Phase XY Xy xY xy Total X P
tos No,

Chi-square based on a 9:3:3:1 ratio

vy  B16W3 C 289 77 110 ki 520 5.995 .1 - .2

B:b B 1643 c 276 90 116 38 520 5.949 .1 - .2

N:n B 1643 R 190 74 82 21 %7 L.390 .2 - .3

Gs:gs B 1643 R 272 94 112 42 520 6,496 .05 -~ ,1

Pr_:pg B 1643 R 252 114 12i 30 520 15,794 < o0
Chi-square based on a 27:21:9:7 ratio

Re,:re, B 1643 c 248 118 92 62 520 25.296 <,01

Table 35. Non-zoned vs zoned leaf (Z z) in relation to other factor
pairs. Chi-square and P values are based on a 9:3:3:1

ratio.
Z:z in
relation Cross Phase XY Xy xY¥Y xy Total x2 P
to: No.
Eze B 1629 ¢ 13 95 16 2, 27 18.430 ¢.01

L:1 B 1629 C 103 9 138 31 281 217.629 <01
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Blue vs white aleurone (Bl bl) in relation to other factor pairs.

Table 36 presents data showing that Bl:bl is independent of Gs:gs and

Rezzrezu

Factor pairs not classified

Long vs short glume hairs (Gh gh) in relation to other factor

pairs. Two factor pairs, Viv and Reytrey, were found to be inherited
independent of Gh:gh, according to table 37,

Non-glossy vs glossy sheath and spike (Gs gs) in relation to other

factor pairs. Seven of nine factor pairs in table 3 may be seen to
segregate readily in relation to Gs:gs. These are: Vt:V, B:b, N:n,
Ke=k, Ke:kl, Prgipry, and Rep:rey of Cross B 1642. The other two

pairs of factors, Bl:bl and Heé:re2 of Cross B 1643, show low probability
values, However, both characters are in the less reliable phase, that
of repulsion, In addition, their percent of recombination is not sig-
nificant enough to suggest linkage.,

Purple vs white auricle (Pr, pr,) in relation to other factor

pairs. Three factor pairs were found to have no linkage with the
color of auricles, Table 39 lists them as: B:b, Ke:kl, and Gs:gs,

Since auricle color was found to be closely linked with Re ire,, it

2
is doubtful that the low probability value found for l(e:k1 carries

much weight, especially when it is in the repulsion phase.
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Table 36. Blue vs white aleurone (Bl bl) in relation to other factor
pairs.

Bl:bl in 2
relation Cross Phase XY Xy x¥Y xy Total X P
tos No.

Chi-square based on a 9:3:3:1 ratio

Gs:gs B 1642 R 385 142 152 52 731 L.345 s 2i=ty 3

Chi-square based on a 27:21:9:7 ratio

Rej:re, B 1642 R 306 221 99 105 731 9.345 .025 - .05

Table 37. Long vs short glume hairs (Gh gh) in relation to other
factor pairs.

Gh:gh in

relation Cross Phase XY Xy xY xy Total x2 P

to: No,
Chi-square based on a 9:3:3:1 ratio

Viv B 1620 R 637 201 180 L7 1065 9.980 .01 - ,025
Chi-square based on a 27:21:9:7 ratio

Re_:re, B 1620 R 471 367 140 87 1065 10.028 .01 - .025
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Table 38. Non-glossy vs glossy sheath and spike (Gs gs) in relation
to other factor pairs,
Gs:gs in
relation Cross Phase XY Xy xY¥Y xy Total x2 P
to: No,
Chi-gquare based on a 9:3:3:1 ratio
vy B16b3 R 298 86 101 35 520 1.777 .6 - .7
B:b B 1643 R 287 97 105 31 520 + 152 8 -.9
N:n B 1643 R 198 74 7w 24 367 oBE7 8 =
K®:k B 1642 R 4O9 132 133 57 731 L.BTX .1 - .2
K®:k B 1643 R 272 112 94 kL2 520 6.496 ,05 - .1
Bl:Db! B 1642 R 385 152 142 52 731 12,184 .01
Pr,:pr, B 1643 C 281 103 9% Y 520 3J0h9" L3i= Ll
Chi-square based on a 27:21:9:7 ratio
R,e'z:re2 B 1642 R 296 243 107 83 7R A8 6 =T
Rey:re, B 1643 R 251 133 89 7 520 13,015 ¢ w01
Table 39, Purple vs white auricle (Pr, pr,) in relation to other
factor pairs., Chi-square and P values are based on a
9:3:3:1 ratio.
Prg:prg in 2
relation Cross Phase XY Xy xY¥Y xy Total X P
to: No.
B:b B 1643 R 217 9S4 115 29 520 1,535 6 =,7
K®:k B 16L3 R 252 12, 11k 30 520 15.794 < .01
Gs:gs B 1643 C 281 95 103 41 520 3.049 .3 - .4
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Factor Pairs Suggesting Linkage

Linkage group I
Purple vs white lemma and pericarp (Re, rez) in relation to

other factor pairs. Table U0 summarizes five suggested linkages for
this factor pair. The associations of R‘ez:re2 of this study with
L:l, Viv, Vt:V, and E:e are in accord with previous reports. One
new linkage was found to exist between Rezzre2 and Lr:lr. Their re-
combination value is 31.3 ¥ 8,5 percent., A note of caution, how-
ever, is in order. When the many-noded dwarf cross, B 1640, was
being classified, the author observed that the prominent reduced
lateral characteristic had not been listed for the parents, It

was known from Leonard's (1942) studies that Lr:lr was associated
with linkage group I, If the nomal vs reduced lateral was appear-
ing in the repulsion phase, the recombination value would be greater
than 60 percent, If, on the other hand, the characters appeared in

the coupling phase then linkage may be oresumably established.

Normal vs long-awned glume (E e) in relation to lax vs dense

spike (L 1). The observed percent recombination in table LO is
overly high, compared with results from other workers. The spikes
of Cross B 1629 were difficult to classify for outer glume append-
ages (awns or hoods) and for spike density. Consequently, the
values for each demonstrated character recessive may be considered

unreliable, and will not be listed in the summary,

Linkage group IV
Hoods vs long awns (K k,l) in relation to other factor pairs,

According to table 4O, a recombination of 18.8 =) percent was
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Table 4O, Factor pairs suggesting linkage. Chi-square, P values, and
recombination percentages are calculated for the indicated
ratios.

Cross Phase XY Xy xY xy Total X2 P Percent

No. Recomb,

iﬁgzzrez) in relation to (L:l) - (9:3:3:1 ratio):

B 1619 C 24l 106 T4 50 L77 9.299 .025 - .05 Uu3.1 - 3.7

(Re,:re,) in relation to (Vt:V) -~ (27:21:9:7 ratio):

B1643 € 306 3h 93 87 520 16L.958 <,01 1.6 = 2.5
LR_;; H 2) in relation to (Viv) = (27:21:9:7 ratio):

B1620 C 572 39 245 209 1065 LL3.7h6 L0 T 005 35
(Reg:rep) in relation to (E:e) - (L5:15:3:1 ratio):

B1619 R L2L B4 179 6 690 9L.969 ¢.0l 31.3%8.5
(Rep:rey) in relation to (Lr:lr) - (27:21:9:7 ratio):

B164O C 173 22 84 L3 322 28,020 .01 23.6 X 3.9
(Ete) in relation to (L4l) - (27:21:9:7 ratio):

B1629 € 90 1211 28 271 53.510 <.01 42,0259
(K:ky) in relation to (E:e) - (27:21:9:7 ratio):

B 1629 R 82 110 70 8 27m 56.623 ¢,01 <1,00
(K:ky) in relation to (Trstr) - (9:3:3:1 ratio):

B1632 ¢ 76 2 12 16 125 19,943 <01 29.7 = 5.0
(K:ky) in relation to (Z:z) - (9:3:3:1 ratio):

B1629 R 307 77155 3 Sk 62,257 ¢.01 18.8 = .1

(K®:k) in relation to (Bl:bl) - (9:3:3:1 ratio):

+
B 1642 c L52 90 75 11 731 186.890 <.01 24,9 - 1,9
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observed for K:kl in relation to Z:z. This is within the range of
previously reported values,

Associations of K:k; in relation to Tr:tr and E:e were observed.
in Cross B 1629, The literature revealed no close relationships, as
are indicated in table 4O. The values recorded for Tr:tr are believed
to be accurate. On the other hand, those for E:e are not reliable
because all heterozygotes, recognized when only a portion of the spike
is glume-awned or -hooded, were included with the homozygous recessive
totals., This latter recombination percentage will not be included in
the summary,

Elevated hoods vs awns (K® k) in relation to blue vs white

+
aleurone (Bl bl), The recombination percent of 24.9 - 1.9 between
these two factor pairs is in general agreement with the results of

other workers,

Factor pairs not classified

Long vs short glume hairs (Gh gh) in relation to hulled vs hull-

less (N n)., Table Ll data indicate that these two factor pairs may
+

be in the same linkage group. A recombination of 37,9 - 2.0 was

observed,

Purple vs white auricle (Prg prg) in relation to other factor

pairs. Auricle color, according to table 41, may have an association
with two linkage groups, It is found to be rather tightly linked
with Rep:rep, loosely with Vt':V, and there is a suggestion of link-
age with N:n, An examination of the data, however, indicates that
the nigh chi-square value for Pr :pr, in relation to N:n is actually

due to chance alone, and not because the two factor pairs are linked,
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Normal vs many-noded dwarf (Mnd mnd) in relation to purple vs

white lemma and pericarp (Re2 rep). Data in table 41 indicate that

the factor for many-noded dwarf is located in linkage group I. A
recombination value of 12,0 2 2,9 exists between the two factor pairs,
In classifying the dwarfed plants for lemma color, the author

found that he could use only 100 out of 162 dwarfs because 56 plants
had failed to develop spikes in any noticeable degree of development
and six plants had spikes too green to classify,

Table 41. Factor pairs suggesting linkage. Chi-square, P values, and

recombination percentages are calculated for the indicated
ratios,

Cross Phase XY Xy xY xy Total x2 P Percent
No. Recomb,

(Gh:gh) in relation to (N:n) - (9:3:3:1 ratio):

B1620 C 647 190133 95 1065 38,730 £.0% 37.9212,0

(Prgtprg) in relation to V¥:¥) - (9:3:3:1 ratio):

B 1643 R 278 98121 23 520 9.162 ,025 - .05 U4l.3 = 3.7

(Prgiprg) in relation to (Rep:rep) - (27:21:9:7 ratio):

B16hk3 R 2230253117 27 520" 52,943 <01 L.2-0,5
(Prg:prg) in relation to (N:n) - (9:3:3:1 ratio):
B 1643 R 183 83 89 12 37 16,728 <,01 32,1 : 3.9

(Mnd:mnd) in relation to (Repsrep) - (27:21:9:7 ratio):

B1640 € 147 175 7 93 L22 112,111 <.0l 12,0 = 2,9
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SUMMARY

Seven crosses, involving from two to eleven families each,
were studied in the F2 generation for independent inheritance
and linkage of factor pairs,

Simple Mendelian inheritance was observed for: Tritr, V‘:V’
Viv, L:l, Lrilr, B:b, Nin, K:ky, K®:k, K®:ky, ky:kp, Z:2, Blibl,
Gh:gh, Gs:gs, Pra:pra, and Mnd:mnd,

A mono- and dihybrid inheritance is suggested for the follow-
ing factor pairs:

Rezzre,z (One 3:1 and four 9:7 out of five crosses)

E:e (One 3:1 and one 15:1 out of two crosses)

Factor pairs showing independent inheritance were:

Tr:tr in relation to E:e.

Flez:re2 in relation to B:b, K®:k, and Bl:bl.

E:e in relation to L:l and N:n,

B:b in relation to Vt:V, Re,:re,, and N:n.

N:n in relation to Vt’:V, Vv, Rej:re,, L:l, B:b, and Ke:kl.

l(:k1 in relation to E:e and L:1,

l(e:k1 in relation to Vt':V, Re,:re,, E:e, and B:b.

Z:z in relation to E:e and L:1.

Gh:gh in relation to V:v and R,e2:rez.

Gs:gs in relation to Vi:v, Re,:re,, B:b, Nin, K°:k, l(e:xl,
and Bl:bl,

Pra:pra in relation to B:b, N:n, Ke:kl, and Gs:gs.
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Factor pairs which suggested linkage, together with their phases

and recombination percentages, were as follows:

Linkage group I

Reyire, in relation to Lil Coupling L3.31 2 3.6
Rey:ire, in relation to viey Coupling 14.6 £ 2,5
Rez:re2 in relation to V:v Coupling 11,002 1.5
Reyire, in relation to E:e Repulsion 3.3 2 8.5
Re2:r82 in relation to Lr:lr Coupling 23.6 ki 3.9
Ete in relation to L:l Coupling 42,0 2 5.9

Linkage group IV

K:k) in relation to Tr:tr Coupling 29.7 - 5.0
K:kl in relation to Z:z Repulsion 18.8 I k.1
K®:k in relation to Bl:bl Coupling 2,9 = 1.9
Factor pairs not classified

Gh:gh in relation to N:n Coupling 37.9 = 2.0

t +
Pr.:pr, in relation to V :V Repulsion .3 - 3,6

+
Pr :pr, in relation to Rey:ire, Repulsion L.2 - 0,5

+

Mnd:mnd in relation to Rejire, Coupling 12,0 - 2,9
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