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terature on ecenetic studies of ba

by several workers., One of most comprehe

in

several reviews (31), .
. : Y M g - v rencl
nis review wil 8 C fined to € wolved in

Lhis study.
of Cene Pairs
Factors in chromosomes
Deficiens (V) versus two-rowed wed (v) spike.

lateral florets was

florets, Wood-

ward suggested the number of rows of kernels is determined by an

b\ P :
(V*) deficiens,

allelic series of four genes. These are

(V) weak two-rowed, (V@) strong two-rowed and (v) six-rowed with

dominance incomnlete., The fertility of the lateral florets is determined

in decreasing order as listed.

1@ expression of the (V) genes, ar




£V~

Henderson (17), Tedin (L1), Gillis (10),

Normal (E) versus long awned outer (e) glumes. A number of

workers have reported the deminance of normal versus long awned outer

plumes by a simple lendelian ratio. Among the workers reporting a

single gene difference were Immer and Henderson (17), Robertson, Immer,

W#iebe, and Stevens

Isom (19), Gill \l.'?\/, Imam (167, and Woodward (L%).

( \ : (4 ) - ) 2 -
{Tr) versus triple (tr) awmed. A monofactorial in-

; recessive has been reported by Immer and Henderson (17), Imam (16),

[som (19), Heiner (1l) and LeBaron (22), Kasha and Walker (20) re-

£4

ported

ed by the work of

and Imam (16). Woodward

(personal communication) suggested that environmental influences

can cause a considerable variation in the color expression of

urple stra

Furple (Re,) versus non-purple (re,) lemma and pericarp.

Buckley (L) reported a sin eritance in some crosses but

in other crosses he considered the possibility of two complem

renes that inhibit both are dominant.

the expressi
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study were furnishe

. Several crosses involving purple versus non-purple

characters were mac

rlants were grown in 1958 and the

1 from each Fy plant was space

fiable only in immature

d plossy stem, glossy lec

ribbongrass, 1, purple auricle, purple s

and pericarp, Each famil;

as pulled when mature and

classified separat

The

seed from these crosses was grovn in California as Fl's that winter

and planted in F, the following spring.
crosses was performed the same as previous

+

tions,

future reference.
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The experimental results from this study are presented in the

following sequence: The inheritance of independent segregating factor
rairs, factor pairs showing linkage, and factor pairs showing in-
dependence., Special emphasis was placed on the purple auricle char-
acter in an attempt to determine the inheritance and position of the
gene conditioning it,

Inheritance of Sepregating Characters

Factors in linkage group 2

Deficiens ¥%) versus two-rowed () versus six-rowed (v). These

three genes (V¥), (V) and (v) have been shovm to be allels of the

same loci, and will be considered in this section although the re-

sults will be presented in separate tables.

Data from table 1 and 2 indicate a monofactorial mode of in-

heritance for deficiens versus two-rowed spikes. Cross Bl757 was

grown in Fq because of classification difficulty in F,. The pood
3 J 2

fit in F, shown in table 2 indicates the low P value in F, wes due

to misclassification,

Two-rowed versus six-rowed has been reported as due to a

single gene difference. Cross B17L7 was growm in F, because of

classification difficulties, but low P values were obtained in both

and F3. The data for two-rowed versus six-rowed are in table 3,

explanation seems evident

s of six~rowed plants

although this cross was observed to have some seeding mortality.




o
\Vv in

P values are based on

versus two-rowed

TWO=-I'0

are ba

us six-rowed (V) in F, and

I
P values are based on 3:1

o

H
W
o+
M-
o

<

<

399 203 <.01
3672 203 <.01

Sepgreration Fq rows were combined in this total.




(E) versus long mmed outer (e) glumes, The segregation

4. Data
erence, Every
cross is low for the expected recessive character, resulting in a

low P value for the combined total. In some previous crosses the
heterozygous plants have shovm a tendency for long avmed outer plumes.

Purple (Pr) versus non-nurple (pr) straw. Data shown in table 5

tor pair responsible for the

1eritance of

and better

for individual crosses suggest that this

character varies considerable. Cross B1757

en grovm in F3 purple pigmentation was observed in vary-

ing intensities in all the plants., F3 rows from cross Bl757 were

cls fied according to color intensity and a 1:2:1 ratio was ob=-

rd

tained as recorded in table 6. It has been noted by Woodw:

mmunication) tl

(personal co 1t enviromental conditions, especially

extreme heat, soil or fertility spots can cause a marked variation

in the color expression.

lurple (Res) versus non-purple (re-) lemma and pericarp.

The inheritance of purple versus non-purple lemma and pericarp

appears to be controlled by a single gene as the data from table

i

4 8 indicate. Two genes have been found to be involved in some

hite parents gave a purple F,

Normal (Li) versus liguleless (1i)., The

a monofactorial inheritance for normal

suggests

This is supported by the previously reported




+01-,05

egregating rows were combined with F3 homogygous dominant

"3 was not included in totals.

straw in
on a 31l

362
117
386
337
654

Sum of 5 chi-squares

1826

Total

interaction




non-purple (pr) straw

.
P values are based on
-
Cross Mo, PrPr Prpr pror Total X<

757 L)L 22l 112 1,80 6,400 ,02-,05

(5

Table 8. Segregation of purple (Re2) versus non-purple (re2) lemma
and pericarp in F, generation. Chi-square P values

are based on a 3:1 ratio.

171 N 9.330 <.01
B 1769 326 110 4136 .012 ,90-.95
B 1840 701 237 238 .028 ,B80-,90

Sum of 3 chi-squares 9.370 .02-,05

Total 1118 437 1855 2.095 ,10-,20

W
A
.
o
[

Interaction 7.27

Table 9. Segregation of purple (Re2) versus non-purple (re2) lemma
and pericarp in F3 generation. Chi-square and P values
are based on a 1:2:1 ratio.

Cross Yo, Re2Re2 Re2re?2 re2re2 Total b & P

B 1757 120 236 124 480 «200 (90=,95







Az s
(1i) in
based on

Cross Yo, Li 1i Total X ¥

B 1769 321 115 136 Lho »

B 1840 7h2 196 33 .226

Sum of = of «01-.02
T 1063 311 1374 L, ¢12-.05
Tnt 4

Interaction Ll.k33 .

Table 11. Segregation of normal (Tr) ver avms in
F2 and F3 generations. Chi=squa s are based on
a 3:1 ratio.

a




iensity were included

lable 13, Segregation of lax (L) versus dense (1
F

generation, Chi-square and

values

1:2:1 ratio.

ea) maturity in
are based on a
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Factors in linkage group 1

Normal (Br) versus brachytic (br) habit. The data for normal

versus brachytic habit are presented in table goest
a monofactorial mode of inheritance although the probability value is

low in both F2 and F, crosses. No explanation is available for this

¢ value.

Covered (N) versus naked (n) caryopsis. Table 15 con

iata for the segrepation of covered versus naked caryopsis. These

rt others who have suggested a single gene inheritance
hypothesis. The small number of plants in cross Bl755 could be
responsible for the low probability value obtained.

Factors in linkage group L

Long (k7) versus short (ko) ams. A single gene difference for

-

long versus short awns is suggested by the data found in table 17.

(

Hormal (G1) versus glossy (gl1) leaf. The results of the sep-

in table 18, A

very low probability value is obtained for the expected 3:1 ratio.
lligh seedling mortality of homozygous recessives might serve as an
explanation for the low P value.

Normal (Z) versus zoned (z) leaf. The expected 3:1 ratio for

normal versus zoned leaf was not observed as showm in table 19.
Zoned leaf not only reduces the vigor of the plants but also results
in high seedling mortality for homozygous recessives., Thus, many
plants that are homozygous for zoned leaf are lost and this could

explain the poor fit.




sble 15. f n ) versus dehis
renerati re and P val
i ratio.
Cross lio, Ja la Total X !
2 ) v . 5
1757 iy 3 150 1l «70=."0

17. Segregation of
T, neratdon
¥o generation,

1 ratio,

w

395 134 .0L0 «30=,90
< 2 ; - e

102 17 3.595 «05=.10
Sum of 2 chi-square 3.635

Interaction 7




« Sepregation of long

Cross ilo. k1 k2 Total X
k ;

1753

o'

le 19,

ion of n

10rmal

versus gl

sus gl
uare and P

F3 generation.
on a

SSY

3:1 ratio.

1747 (F,
B 1747 (FS

a

Table 20, gregation of normal (2) versus zoned
and generations, Chi-square and P values are
atio.
Cross llo. Z z Total X< P
3 1747 (Fp) 53
Al o 74
1747 (1‘3) 26

Segregation Fq rows are includ




a 5 1inlkeacr ATy 4
actors in linkagre pgroup

presents data suggesting a single gene

pericarp. This is in apreement with
findings of numerous other workers.

Factors in linkage group 7

R) versus smooth (r) avms. A good 3:1 ratio suggesting

R }
dougn

a single factor pair difference was found for rough versus smooth

A single gene differ-

versus short rachilla

Purple (Pau) versus non-purple (pau) auricle. The data for the

of purple versus non-pwx are shown in tables

These data sugpest a

pair inheritance for

Cross w P value,

irple versus non-purple auricle,

but the small population may be the contributing cause. Cross B1757

had a low probability value in F» but the F3 gave a good fit for a

monogenic mode of inheritance, indicating misclassification of the

Fp progeny.

Hormal

a very poor fit was obtained in

grandpa

are presented in table 27. sh seedling




Seprepsation of black (B) versus non-black (b) lemma
ricarp in Fp generation, Chi-square and P values
based on a 3:1 ratio.

)

=

and
are

q

Cross No. B b Total ) & 'y

B 1769 330 106 1436 .11
B 1840 694 2Ll 938 « 569

Sum of 2 chi-square 679 .70=.80
Total 102k 350 1374 .16l 60-.70
Interaction 518 10=.50

Table 22. Sepregation of rough (R) versus smooth (r) awns in F, and
:
F3 generations, Chi-square and P values are based on a
321 ratio,

L3123

Sum of 2 chi-square

Total 718 2L6 964 .136 «70-.80

Interaction

a

Segregation F; rows were combined in this total, F3 was not
included in totals.




lable 23, Segrepation of rough (R) versus smooth (r) awms in Fy
generation, Chi-square and P values are based on a ~
1:2:1 ratio.
R B o <2
Cross No. RR Rr rr Total X P
B 1757 120 28 112 480 .50 =07

Table 2l,, Segregation of long (S) versus short (s) rachilla hairs
in F, generation, Chi-square and P values are based on
a 3:1 ratio.

Cross lo. S s Total X P

B 1747 58 15 483 «298 oO=eT
B 1755 108 la 1k9 515 D=5
Sum of 2 chi-square <873 E=7
Total 476 156 632 .0337 o0=.9

Interaction

Table 25, Segregation of purple (Pau) versus non~purple (pau) auricle
in F, generation, Chi-square and P values are based on a
< :
331 ratio.

Cross Mo, Pau pau

B 1753 393 136
B 1755 123 26
B 1757 38l 97
B 1769 26 75
B 18lo 565 17

Sun of chi-square

Total 1711

Interaction




tance.,

ore computed on a 2:1 r

5 suggested from this analysis, while no such re-

tance w

inheri

the mono-

observed in Fp, Many previous crosses

rmal (Gs) versus sy (
indica rene difference for the f
10Trma versus 5y stem,
) versus short (gh) hairs. for the

wple (pau)

lable 26 Segregation of purple (Pau) versus

ST
UNl=3 qu

ross o, I i I u 1 1 fotal I
1757 11 243 100 «25=97




versus

( Fjj

Jro8s lo.

normal (Gs) versus glossy (gs ) stem in
hi-square and P values are based on a

Interaction N7¢ pL e




Table 30. Segregation of normal (Os) versus glossy (gs) stem in
F» peneration. Chi-square and P values are based on
a 1:2:1 ratio.
Cross No. GsCs Gsgs gses Total X< P
B 1757 113 250 117 1480 .899 6=

Table 31. Segregation of long (Gh] versus short (gh) glune hair
in F, generation. Chi-square and P values are based on
3:1 ratio.

Cross No. Gh gh Total XS P

B 1747 292 189 1,81 5 Prde o 05. 0 .10
B 1757 321 160 1481 16.89 <€ .0
B 1840 472 2Ll 716 30.33 <.0l

4 (Chi~square based on a 9:7 ratio.

Table 32, Segregation of long (Gh) ve rsus short (gh) glune hair
in F, generation. Chi-square and P values are based on
a 1:21 ratio.

Cross Mo, GhGh Chgh hgh Total X2

m
0

480




owing Linkage

+

The inheritance of gene pairs showing linkage is the main con=-

h other

cern of this section., The linkage of purple auricle wi
factor pairs receives special attention, Recombination percentages
for F3 populations were computed by combining the 3 segregation

with the homozygous dominant progeny, and using the vproduct method

to calculate the percentages.

Linkages found in chromosome 2.

auricle in relation to

Furrle (Pau) versus non-purple

other factor pairs, The linkage of purple versus non-purple auricle

in relation to other factor pairs is found in table 33. This table
gives data that suggest the association of (Pau pau) in relation to
(Fr pr), (Re, rep) and (Vb V), Some relationship was found with
purple auricle and lax versus dense spike, however, (11) segregated
independent of (Re, re,) and (vt v).

Four crosses with similar recombinations value were combined to

give a total recombin:

relation to (Pr pr). One of these crosses was

ification accuracy by growing F3's of genotype

The F3 progeny verified the Fo classification

P

ception. Some degree of expression of purple straw was found in

every F3 row of cross B17%7, hence very little confidence can be

placed in the associations of the purple straw character in this

Cross,

pau) to (Re, re;) range

n recombination

A better fit




from cross therefore, more confidence could

bination value in Bl

.43 for (Pau pau) in relation to (Fr pr).

-
I+

The F, results of (Pau pau) and (VP V) in cross B1757 gave a

recombination value of 28.0 + L.15 which was ve ry close to that

n

obtai s however, gave independent

ned for the F,, Two other crosse
2
segregation for the same gene pairs. lo explanation seems apparent

for these twno
Ior these two

ociations except for the fact

le auricle

better in

Vb) versis two-rowed (V)

in re

to other

factor Table 3L presents the data to support linkage of de-

ficiens versus two-rowed spike in r and (Li 14i).

ation to (Rep res

The recombination values are in apgreement with that obtained by

confidence could be placed in the Fq which pave

a recombination value for (VP V) in relation to (Rep rep) of

2 and pericarp in

e (Re,) versus non-purple (re-) le

other factor pairs. The data found in table 35 suggest

purple versus non-purple lemma and pericarp to be in the same

linkage group as (Pr vr), (Ee) and (Li 1i), The recombination

values for the relation of (Rep rep) to (Be) and (Rep res) to

(Ii 1i) are in apgreement with previous findings.

Cross B1757 gave independent segregation for the relation of

to (Pr pr) in both the Fo

generations,




Table 33. Purple (Pau) versus non-purple (pau) auricle in relation to other factor pairs. Chi-square
and P values are based on a 9:3:3:1 ratio.
Cross XY Xy x¥ Xy Total };:f;:t}t
(Pau, pau) in relation to (Pr, pr)
4 crosses 1172 165 63 343 1743 13.0 + .895
B 1757 333 51 53 L4 481 28.5 + 2.51
B 1757 287 3 76 45 480 38.5 + 2.96
(Pau, pau) in relation to (Rey, rey)
B 1757 298 86 93 4 481 25.0 ¢ 4.23
B 1757 240 121 115 3 480 15.5 = 4.43
2 crosses F 699 112 162 90 1065 37.5 £ 1.94
(Pau, pau) in relation to (L, 1)
: ?
2 crosses 678 133 130 112 1065 30.0 +1.74
B 1757 258 104 98 20 480 40,5 + 3.7
(Pau, pau) in relation to (v¥, v)
2 crosses 605 206 158 94 1065 58.0 + 2.09
B 1757 243 141 86 11 481 -49-7 + 4.10
B 1757 245 119 108 10 480 28,0 + 4.15




Table 34. Deficiens (V%) versus two-rowed (V) epike in relation to other factor pairs. Chi-square and
P values are based on a 9:3:3:1 ratio.

Recamb.
Cross Phase XY Xy x¥ xy Total ¥ P Pe::nt
(Vt, V) in relation to (Re,, re,)
2 crosses ;& Repulsion 719 30 307 34 1373 57.13 <.01 32.0 + 2,39
B 1757 %  Coupling 303 <6 88 64 481 88.1 <.01 2400 % 2.29
B1757 ¥ Coupling 319 32 37 92 480  205.6 <.01 15.0 ¥ 1.79
(v%, V) in relation to (L1, 11)
2 crosses F, Repulsion 760 27 302 39 1373 17.42 <01 36.0 + 2.32

Table 35. Purple (Re;) versus non-purple (rezg lemma and pericarp in relation to other

Chi-square and P values are based o

a 9:3:3:1 ratio.

factor pairs.

2 ;
Cross Phase XY Xy x¥  xy Total X P BRI
Percent
(Rey, rey) in relation to (Pr, pr)
2 crosses F,  Coupling 838 189 151 196 1376 207.7 <.a 28,0 + 1.47
B1757 F Repulsion 316 75 70 20 481 18.1 <.01 52.5 » 3.32
B1757 F§  Repulsion 278 78 90 24 480 3,04  J3=ud 49.5 1 3.44
(Re,, re,) in relation to (E, e)
2 erosses F,  Coupling 836 150 222 125 1373 45.2 <.01 37.8 + 1.7
(Re, rey) in relation to (Li, 11)
2 crosses F, Coupling 857 170 206 14 1373 83.9 <.01 33.5 + 1.67




Iwo other cros:s

for the same two gene

Purple (Pr) versus non-purple (pr) straw in relation to lax (L)

versus dense (1) spike., Purple versus non-purple straw in relation

to lax versus dense snike as showvn in table 36 gave a recombination

value of 30,0 ¥ 1.53. Other workers have reported similar results,

(E) versus long two-rowed

glumes is

versus six-rowed to normal versus

hese two gene pairs have been reported to be

shovn in table 3

linked, A recombination value of 23.5 # 3.93 was which is

in apgreement with ier workers.

Linkapes found in chromosome l

S
(Z) versus zoned

versus glossy (gl) leaf., Th

are presented in table 38.

ierations. Recombination

Linkages found in chromosome 7

Rough (R) versus smooth (r) 1s_in relation to long (S)

short (s) rachilla hairs. Table 39 pives the data for the relation of

rourh versus smooth amms to long versus short rachilla

=413

bination values of

+ 2,13 for F, and 16
= 2

tained, indicating linkage between these two factor pairs.




Table 36. Purple (Pr) versus non-purple (pr) straw in relation to lax (L) versus dense (1) spike.
Chi-square and P values are based on a 9:3:3:1 ratio.

2 Redomb.
Cross Phase Pr L Pr 1 L'l Total ) ¢ ) 3 Percent

2 crosses F, Coupling 838 211 17 1373 148.3 <.01 30.0 * 1.53

Table 37. TWo-rowed (V) versus six-rowed (v) spike in relation to normal (E) versus long awned (e)
outer glumes. Chi-square and P values are besed on a 9:3:3:1 ratio.

Recomb.
Phase VE E Total

R
Percent

B 1757 F3 Repulsion 395 . 23.5 + 3.92




Table 38. Normal (2) versus zoned (z) leaf in relation to normal (Gl) versus glossy (gl) leaf. Chi-
square and P values are based on a 9:3:3:1 ratio.

Cross Phase 201 Zgl 361  zgl Total X2 P Reconb,
Percent

B 1747 F, Coupling 561 23 11 42 €37 2886 <.01 8.5 + 1,16
B 1767 F, Coupling 282 29" Z%) . 180 535 370.6 <01 12.5 3 1.55

8 Based on & 4:2:2:1 ratio

Table 39. Rough (R) versus smooth (r) awns in relation to long (S) versus short (s) rachilla hairs.
Chi-square and P values are based on & 9:3:3:1 ratio.

Cross Phase RS Rs rS rs Total X2 P Recomb.
Percent

B 1747 F Coupling 228 34 120 81 482 133.3 <.01 21.0 # 2.13
B 1747 ¥ Coupling 69 2 17 10 98  20.5 <01 16.5 I 4.13




Linkages found in chromosome 1

Normal (Br) versus brachytic (br) habit in relation to other

factor pairs. The data in table 40 show the relation of normal versus
brachytic habit to other factor pairs. These data suggest a possible
linkape between the factor pairs (Br br) to (Gh gh) and (Br br) to
(Ea ea)s (Br br) has been placed in chromosome 1, but (Gh gh) is
still unassigned. The recombination value for (Br br) in relation to

Earliness genes have been reported to be in

(Gh gh) was 38.0

several of the chromosomes. The recombination value of 30.0 r 2,60

for (Br br) and (Ea ea) suggests the possibility of this earliness
gene to be in chromosome 1,

New linkages suggested

Normal (Rb) versus ribbongrass (rb) in relation to other factor

pairs, Table Ll gives the data for the relation of normal versus
ribbongrass leaf to other factor pairs. A recombination value of
22,0 ¥ 2.17 was obtained for (Rb rb) and (Go gp), suggesting a linkage

between these two factor pairs. It was difficult to detect the ribbone

grass character when the grandpa character was present, so these data
were computed from F} segregating and homozygous dominant rows. A
possible relationship was suggested for (Rb rb) and (Tr tr) by a re-

combination value of 35.5 t 3.67.

Normal (Cs) versus plossy (gs) stem in relation to early (Ea)

versus late (ea) maturity., The data for the relation of normal versus

glossy stem to early versus late maturity are given in table 42. These

two characters gave a recombination value of 36.5 + 2,87, which sug-

gests linkage.




Table 40. Normal (Br) versus brachytic (br) habit in relation to other factor pairs in F3 generation.
Chi-square and P values are based on a 9:3:3:1 ratio.
Cross Phase XY Xy xY xy Total X2 P TG,
Percent
(Br, br) in relation to (Gh, gh)
B 1757 Coupling 293 91 55 41 480 12.93 <.01 38.0 + 2.94
(Br, br) in relation to (Ea, ea)
B 1757 Coupling 316 68 49 47 480 4.1 <i0l 30,5 + 2,60
Table 41. Normal (Rb) versus ribbongrass (rb) leaf in relation to other factor pairs in F3 generation.
Chi-square and P values are based on a 6:2:3:1 ratio.
' Recomb.
Cross Phase 1 ) & P
XY Xy xY xy Tota T
(Rb, rb) in relation to (Gp, gp)
B 1747 Repulsion 273 82 34 10 491 134.8 <.0l 22,0 + 2,17
(Rb, rb) in relation to (Tr, tr)
B 1747 Repulsion 313 117 123 16 569 15.94 <.01 35.5 t 3.67




Table 42. Normal (Gs) versus glossy (gs) stem in relation to early (Ea) versus late (ea

) maturity.
Chi-square and P values are based on a 7331311 ratio.

Cross Phase GsEa Gsea gsEa gsea Total X© P Recomb.
Percent
Br1757 Fy Coupling 294 69 7 46 480 19.58 <.01 36.5 + 2,87
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