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The linkage relationship and arm location of the gene

for greenbug resistance in the variety Will was determined

by using primary trisomics and tertiary trisomic homozygous

translocations. The gene for greenbug resistance was found

to be on linkage group 1 by using primary trisomics. The

gene was located on the centromere segment of the T1-6a

translocation by using a tertiary trisomic homozygous

translocation, and a Tl-6a translocation homozygous for

greenbug resistance. The data further substantiates the

feasibility of using trisomics in placing genes on proper

linkage groups.
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INTRODUCTION

With the discovery of cultivars of barley (Hordeum

vulgare L.) having greenbug (Schizaphis graminum Rondani)

resistance by Atkins and Dahms (1945), considerable effort

has been given to breeding programs for the development of

highly productive cultivars, resistant to greenbugs and

adapted to large areas of barley production.

Dahms et al. (1955) studied relative leaf injury in

segregating populations and concluded that resistance was

governed by two or more pairs of genes, and that resistance

was dominant to susceptibility. They also concluded that

there was no apparent correlation between readily visible

morphological characteristics of the barley plant and green-

bug resistance. Numerous investigators have since determined

the inheritance of resistance to the greenbug in barley

(Chada et al., 1961; Gardenhire and Chada, 1961; Smith,

Schlehuber and Curtis, 1962; Arriga, 1963; Gardenhire, 1965).

All were in agreement that resistance was controlled by a

single dominant gene.

Chada et al. (1961), working with numerous crosses, found

no indication of cytoplasmic inheritance from reciprocal

crosses. Gardenhire and Chada (1961) found that resistance

in the varieties 'Omugi', 'Derbent', and 'Kearney' was

controlled by the same gene, and Smith et al. (1962) reported

1
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that resistance was controlled by the same gene in Omugi,

'Dobaku', Kearney and C. I. 5087. Arriga (1963) reported

that resistance in Omugi and 'Dicktoo' was controlled by

a single dominant gene.

Several studies have been made in an attempt to deter-

mine the linkage relationship of greenbug resistance in

barley. Gardenhire and Chada (1961) found no association

between the locus controlling greenbug resistance and the

loci controlling row number, rough awn, hoodedness, black

pericarp, covered seed, and stem rust. The ratios obtained

were in agreement with data previously published by Smith

(1951) and Nilan (1964). Gardenhire (1965) found no

association between the gene for resistance in Omugi and the

gene for green-seedling, powdery mildew resistance, leaf

rust resistance, and orange lemma. Gardenhire (1967), using

translocations Tl-6c, TI-7a, Tl-4a, T2-6a, T3-5b, T3-7a, and

T4-5a, found no association between the greenbug resistance

of C. I. 10880 and the break-point of the translocations.

The location and linkage relationship of the greenbug

gene in barley would be valuable in developing a barley

breeding program.

The objectives of this study were to determine the

linkage relationship and arm location of the gene for green-

bug resistance in the barley variety 'Will'.



MATERIALS AND METHODS

The seven primary trisomics (Tr 1 through Tr 7) for

each of the seven linkage groups were tested for their

reaction to greenbugs in the insectary (Chada 1959), and

all were found to be susceptible. The average life of the

infested trisomics and the susceptible check cultivar

'Cordova', C. I. 7576, was approximately 10-12 days duration.

A number of seeds of Will, C. I. 11562, were sown in

6-inch pots in the insectary and after emergence were

infested with greenbugs. After a 2-week infestation period

the aphids were killed by spraying with malathion solution

(0.8%) and the plants moved to the greenhouse for crossing

with the seven trisomics. This procedure insured that only

resistant plants were used as parents. Since the extra

chromosome in a trisomic barley plant is not transmitted

through the pollen (Burnham 1960, Tsuchiya 1960), the

trisomics were used as the female parent in all crosses.

Fl seeds from each of the seven crosses were sown in

3-inch pots, using a commercial greenhouse mixture of one

part peat and one part sand. After 10 to 14 days the cone

of soil was removed from the pot and 1-inch sections of well

developed root tips were removed from each of the F1 plants.

The root tips were placed in vials containing a saturated

solution of monobromonapthalene. The F1 plants were

3
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identified with the vials and transplanted in the field.

The root tips remained in the monobromonapthalene solution

for two hours at room temperature, 22 to 23C. After two

hours the root tips were removed from the vials and placed

in vials containing IN HCL preheated to 55C and held at that

temperature for six minutes in an electric oven. After

hydrolysis the root tips were placed in a vial containing

basic Fuelgen. The vials then were placed in a refrigerator

(two to four days) until chromosome counts could be made.

A small portion of the root-tip was placed on a micro-

scope slide, a drop of aceto-carmine added, and the cover

slip applied. The cover slip then was tapped to squash the

material. The aceto-carmine was used as a counter stain for

the cytoplasm, and aids in screening. The screening procedure

was done under low power (X230) and the chromosome counts were

made with oil immersion X930. The F1 plants were identified

as diploids or trisomics. The above procedure was used for

making all chromosome counts.

Seed from F1 diploid and trisomic plants were harvested

at maturity and grown in the insectary as F2 plants to

determine their reaction to greenbugs, according to the

method of Chada (1959). No attempt was made to separate

diploids and trisomics produced from F1 trisomic plants in

the insectary. If the gene for greenbug resistance were

located on the chromosome which is trisomic, the F2 ratio

would be modified, and a 2:1 ratio (see appendix) would be

:,,ra' c+ ae...: a.w::G.- , G., .. ,..,..
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obtained. If the gene were not located on the extra chromo-

some, a normal 3:1 ratio would be obtained.

Ramage and Day (1960) have shown that the largest seeds

produced by a trisomic are usually diploids. Large F2 seeds

were selected from an F1 trisomic plant of the cross Tr 1 x

Will. Chromosome counts were made and 195 diploid plants

were identified. If the gene were located on the extra

chromosome of the F1 trisomic, the ratio of the diploid

progeny would be 5:4 (see appendix) instead of 3:1.

A number of F2 seed from F1 trisomic plants repre-

senting each of the seven linkage groups were space-planted

in the field, and harvested at maturity as F2 plants. The

mature plant phenotypes were classified as diploids and

trisomics. The majority of the trisomic plants were smaller

and tended to be crowded out by the more vigorous diploids.

The diploids for each of the seven linkage groups were

tested as F-3 lines in the insectary. If the gene were

located on the extra chromosome, the F3 ratio would be

modified and a 1:4:4 (see appendix) would be obtained instead

of 1:2:1.

The testing procedure using primary trisomics for each

of the seven linkage groups consisted of testing unselected

F2 plants from F1 trisomics, F2 diploids from F1 diploids,

selected F2 diploids from F1 trisomics, and selected F3

diploids from F1 trisomics.

rte:..:i t, _ ,r.. .~c..+r ,s.:,- ,i 1:LL- auR .. ic":irh .a..: ..- -. +,aa .;.. _ _ , h.. _ f'+h.r Kl JfY ?Sfd f9! 1. HcW .
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Tertiary trisomic homozygous translocation stocks (la6 )

and (6al) developed by Tuleen, were used in the study to

determine arm location if the gene were located on linkage

group 1. The two tertiary trisomic homozygous translocations

were tested to determine their reaction to greenbugs. A

TI-6a homozygous translocation resistant to greenbugs was

developed to be used as the male parent. A number of F2

plants from the cross (T1-6a, nn) x Will were selected at

maturity and tested as F3 lines. Since the gene for

hull-less is linked with the break-point, only hull-less seed

were selected.

Crosses were made between the tertiary trisomic homo-

zygous translocations and TI-6a. Unselected F2 plants from

F1 trisomics and F2 diploids from F1 diploids were tested

for their reaction to greenbugs. If the gene is located on

the centromere segment of Chromosome 1, a 2:1 ratio will be

obtained in the la6 x T1-6a cross. If the gene is on the

translocated arm, the cross 6a1 x TI-6a will give a 2:1 ratio.

F2 diploids from F1 trisomics from the cross la6 x Tl-6a

were selected and tested in the insectary. This procedure

would give a 5:4 ratio if the gene were located on the

centromere segment.

The testing procedure using tertiary trisomic homozygous

translocations consisted of unselected F2 plants from F1

trisomics, F2 diploids from F1 diploids, and F2 diploids from

F1 trisomics.

i , ,:i u :- .:.,,. : ~ t_.. !, ~ p...,.. .,. : :, ,. i ,_ ,; . : :. . .ar, ri;ai . .. t....:, o ,:, tea. a>A,,, .tr8. . eu w K>,+sG. exn bti :. M ,.,._ ' i + mnm,:.p :. 
_.
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A total of 5119 F2 plants and 965 F3 lines was tested

in the insectary during the course of the study.



RESULTS AND DISCUSSION

Unselected F2 plants from an F1 trisomic for chromosome

1 from susceptible Tr 1 x resistant Will deviated from the

expected ratio, and the obtained chi-square value was highly

significant at the 0.01 level (Table 1). The data fit a 2:1

ratio, indicating that the gene for greenbug resistance is

located on linkage group 1. The data for Tr 2 through Tr 7

did not deviate significantly from a 3:1 ratio, indicating

that the extra chromosome for each of the other six trisomics

did not carry the gene for greenbug resistance. These

results agree with previous conclusions that resistance is

conditioned by a single dominant gene. Also, the data for

all diploid F2 plants from F1 diploids for each of the

trisomics did not differ significantly from a 3:1 ratio

(Table 1).

Although no separation is made for trisomics and

diploids from F1 trisomics in Table 1, some trisomics were

recognized by their seedling characteristics. In all crosses

there were differences observed in germination. The seeds

that were slower in germinating appeared to be trisomics from

their seedling characteristics. These plants made slower

growth during the 18-day growth period in the insectary.

The reactions of F2 diploids from F1 trisomics from the

cross Tr 1 x Will are given in Table 2. The ratios fit a

8

4 ;4 _l'P, -"'.,lVl 144



9

5:4 ratio very well, and indicate that the gene for greenbug

resistance was carried on linkage group 1.

TABLE 1. Reaction of F2 barley plants from crosses of

susceptible trisomics and resistant Will and

the goodness-of-fit to a 3:1 ratio.

Greenbug reaction.2/

3:1
Cross F1 ' Res. Sus. P

Tr 1 x Will 2n+l 126 74 -0.01**

Tr 1 x Will 2n 66 31 0.20-0.10

Tr 2 x Will 2n+1 230 86 0.90-0.80

Tr 2 x Will 2n 142 46 0.90-0.80

Tr 3 x Will 2n+1 149 51 0.80-0.70

Tr 3 x Will 2n 144 54 0.50-0.30

Tr 4 x Will 2n+1 181 74 0.20-0.10

Tr 4 x Will 2n 146 50 0.90-0.80

Tr 5 x Will 2n+1 139 48 0.90-0.80

Tr 5 x Will 2n 142 46 0.90-0.80

Tr 6 x Will 2n+l 319 128 0.10-0.05

Tr 6 x Will 2n 68 32 0.20-0.10

Tr 7 x Will 2n+1 73 31 0.30-0.20

Tr 7 x Will 2n 68 30 0.20-0.10

1/ 2n+1=15, 2n=14

2/ Res.=resistant, Sus.=susceptible

,.x _ . -
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TABLE 2. Reaction of F2 barley diploids -from an Fl

trisomic of the cross of susceptible

txisomic x resistant Will, and the

Loodness-of-fit to a 5: 4 ratio.

Greenbug reaction"1

5:4
Cross Res. Sus. P

Tr 1 x Will 50 39 0.95-0.90

Tr 1 x Will 63 43 0.50-0.30

Total 113 82 0.70-0.50

1/ Res.=resistant, Sus.=susceptible
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The ratio of diploid F2 plants from an F1 trisomic will

deviate from a 3:1 ratio if the gene is located on the extra

chromosome. The F2 ratios in Table 2 support the hypothesis

of monogenic inheritance of greenbug resistance in barley,

with resistance being dominant.

The reaction of F3 diploid lines from Fl trisomic plants

for each of the seven trisomics x Will are given in Table 3.

The ratios for Tr 1 x Will deviate significantly at the 0.01

level from a 1:2:1 (Table 3). The chi-square value for the

1:4:4 ratio was non-significant. These results would be

expected if the gene for greenbug resistance were located

on linkage group 1.

The data in Table 3 indicate that family 1 for the

Tr 3 x Will cross deviated significantly at the 0.05 level.

A non-significant deviation was obtained for family 2 and 3,

and for the total. A non-significant chi-square value was

obtained for heterogeneity (0.30-0.20) between families.

The deviation in family 1 was caused by an excessive number

of plants being classified as susceptible. It was noted at

the time of classification that several plants were classified

as susceptible which did not appear as typical susceptible

plants. This may have been a seedling disease that destroyed

the plants.

Family 1 from the Tr 4 x Will cross was significant at

the 0.05 level, but the total for the three families was

non-significant at the 0.05 level. Also, the heterogeneity
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TABLE 3. Reaction of diploid F3 barley lines from F1

trisomics of susceptible trisomics x resistant

Will,_and the goodness-of-fit to a 1:2:1 ratio.

Greenbug reaction!"

1:2:1
Cross Res. Seg. Sus. P

Tr 1 x Will 11 35 2' -0.01**

Tr 1 x Will 12 42 30 -0.01**

Total 23 77 55 -0.01**

Tr 2 x Will 17 25 10 0.50-0.30

Tr 2 x Will 11 12 11 0.30-0.20

Total 28 37 21 0.30-0.20

Tr 3 x Will 6 19 17 0.05-0.02*

Tr 3 x Will 8 15 12 0.50-0.30

Tr 3 x Will 18 48 29 0.30-0.20

Total 32 82 58 0.05-0.02*

Tr 4 x Will 11 7 11 0.05-0.02*

Tr 4 x Will 10 15 11 0.98-0.95

Tr 4 x Will 16 39 16 0.80-0.70

Total 37 61 38 0.50-0.30

Tr 5 x Will 23 28 17 0.30-0.20

Tr 5 x Will 25 43 25 0.80-0.70

Total 48 71 42 0.30-0.20

Tr 6 x Will 2 14 7 0.30-0.20

Tr 6 x Will 11 24 11 0.98-0.95

.::,. .. .. ,. _ r d
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TABLE 3. Continued.

Greenbug reaction!!

1:2:1
Cross Res. Seg. Sus. P

Tr 6 x Will 3 12 9 0.30-0.20

Tr 6 x Will 8 14 11 0.70-0.50

Tr 6 x Will 6 11 7 0.90-0.80

Total 30 75 45 0.30-0.20

Tr 7 x Will 11 32 18 0.50-0.30

Tr 7 x Will 11 23 10 0.95-0.90

Total 22 55 28 0.70-0.50

1/ Res=resistant, Seg.=segregative
Sus.=:all plant susceptible.

for resistant and
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was non-significant at the 0.05 level. On the whole, the

data in Table 3 indicate that the gene for greenbug resistance

is located on linkage group 1, which agrees with the data in

Tables 1 and 2.

The reaction of susceptible tertiary trisomic homozygous

translocation stocks la6 x resistant Tl-6a translocation, F2

plants from F1 diploids, and F1 trisomics are shown in Table

4. The F2 plants from F1 trisomics for most of the crosses

fit a 2:1 ratio, indicating that the gene for greenbug

resistance was located on the centromere segment of chromo-

some 1. In family 5 an excessive number of resistant plants

were obtained[ and deviated for the 2:1 ratio. However, when

the total for the 6 families was analyzed, a non-significant

value was obtained for 2:1 ratio. The F2 diploids from F1

diploids all fit an expected 3:1 ratio.

The F2 diploids from F1 trisomics from the la6 x Tl-6a

cross are shown in Table 5, support the hypothesis of

monogenic inheritance of greenbug resistance, and further

substantiate the data that the gene is located on the

centromere segment of chromosome 1 in the Tl-6a translocation.

In Table 6 the data indicates that the gene for greenbug

resistance is not located on the translocated piece of

chromosome 1. Although the data for each family fits a 2:1

ratio at the lower limits, the total for the five families

deviated significantly at the 0.01 level, from a 2:1 ratio
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TABLE 4. Reaction of F2 barley plants from the cross of

susceptible tertiary trisomic la6 x resistant

TI-6a, and goodness-of-ffit to 2:1 and 3:1 ratios.

Greenbu reaction./

Fl p
Family Chro. No. Res. Sus. 2:1 3:1

1 1.w 1.IN II IMMII I I ll IIIM MIM III " -I IIH -

1 2n+l 72 36 1.00

1 2n 96 23 0.20-0.10

2 2n+1 76 41 0.70-0.50

2 2n 93 21 0.30-0.20

3 2n+1 60 24 0.50-0.30

4 2n+1 54 33 0.50-0.30

4 2n 179 56 0.80-0.70

5 2n+l 72 22 0.05-0.02*

5 2n 87 31 0.80-0.70

6 2n+1 71 25 0.20-0.10

Total 2n+l 405 181 0.30-0.20

1/

2/

2n+l=15, 2n=14

Res. =resistant, Sus. =susceptible

t ::.s :w. +.":;d-...t WSti4.w# IiN-i7! 1S i..,.id+ t i!' " . .. '.Us!',% .,
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TABLE 5. Reaction of F2 barley diploids from F..trisomic

from the cross of a susceptible la6 x resistant

T1-Ga and goodness-of-fit to a 5:4 ratio.

F1l
Cross Chro. No.

Greenbug reaction/

Res. Sus.

la6 x Tl-6a 2n+l 52 31 0.20-0.10

1/ 2n+1=15

2/ Res.=:resistant, Sus.=susceptible

5:4
P

_ ,s ,.;., i... .,.,. c:.y ...-. J.i ,nt. ri;n ; -wV.+, ri6v4:,,,:;a.a .,zxat+; ,: ; ." Mew.~ , -. :u,...w.. r..: : iiH? i
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TABLE 6. Reaction of F2 barley plants from cross of

susceptible tertiary trisomic 6a1 x resistant

T1-6a F2 plants from Fl diploids and Fl trisomics

and goodness-of-fit to 2:1 and 3:1 ratio.

Greenbug reaction

F1.11p
Family Chro. No. Res. Sus. 2:1 3:1

1 2n+1 88 31 0.10-0.05

1 2n 86 30 0.90-0.80

2 2n+l 80 25 0.50-0.20

2 2n 86 29 0.90-0.80

3 2n+l 88 30 0.10-0.05

3 2n 91 22 0.20-0.10

4 2n+1 87 29 0.10-0.05

4 2n 84 33 0.50-0.30

5 2n+l 56 18 0.20-0.10

Total 2n+l 399 133 -0.01**

1/

2/

2n+1=15, 2n=14

Res. =resistant, Sus .=susceptible

. ., ,
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and fit exactly a 3:1 ratio. The ratios of F2 diploids from

F1 diploids all fit a 3:1 ratio.

The data from several types of crosses in this study,

with a few minor exceptions, clearly indicate that the gene

for greenbug resistance in Will barley is on linkage group

1, located on the centromere segment of Tl-6a translocation.

The utility of trisomics in locating genes is apparent

because previous attempts to locate the gene using marker

genes and translocations had failed to place the gene in

any linkage group. In previous studies no association was

found between greenbug resistance and the gene for hull-less

seed, indicating that the gene is located at least 50

crossover units from the gene for hull-less (nn).

. :. ,t,:?:+. n ' ::. .... ax'- +,t :, t:.a:.s: li ilS .affix"w"Q.c:.i u t .e[, .. _ _. :.;. v



SUMMARY

The linkage relationship and arm location of the gene

for greenbug resistance in the variety Will were determined

by using primary trisomics and tertiary trisomic homozygous

translocations. The gene for greenbug resistance was found

to be on linkage group 1 and on the centromere segment of

the T1-6a translocation. Previous attempts to locate the

gene using standard marker genes and translocations were

unsuccessful. This data further substantiates the feasi-

bility of using trisomics in placing genes on proper linkage

groups.

All data agree with previously published data that

greenbug resistance is of monogenic inheritance in barley,

with resistance being dominant,

19
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