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INTRODUCTION 

In recent years, considerable information on inheritance in barley has 
been obtained. At present, some five or six different linkage groups have 
been found. Various factors have been located in the different groups but 
few have been mapped. The present studies involve several factor pairs 
which previously have not been located in any of the groups studied. 

REVIEW OF LITERATURE 

The review of literature on the genetics of barley is confined to the char- 
acters studied in this paper. 

Chlorophyll d ejiciencies 

Colsess V described by ROBERTSON and DEMING (1930) is a chlorophyll 
deficient plant which grows to maturity but is less vigorous than the nor- 
mal green type. The plant color according to RIDGEWAY, plate XVII, is 
dull green yellow. The chlorina seedlings are recessive to normal green. 

The interrelationship of the factor pair (Fcfe)  for green versus chlorina 
seedlings in Colsess V has been tested (ROBERTSON and DEMING 1930) 
with the following factor pairs: (Kk)  for hoods versus awns in linkage 
group IV ,  ( A  lal )  for green versus white seedlings in Trebi found in linkage 
group 11, (Ff) for green versus chlorina seedlings in Minnesota 84-7 lo- 
cated in linkage group I (ROBERTSON, DEMING and KOONCE 1932). 

Inheritance of other characters 
A rather intensive review of the inheritance of the following factor pairs 

is given by DAANE (1931). Hulled versus naked, long versus short haired 
rachilla, hoods versus awns, and six-row versus non-six-row all segregated 
in simple Mendelian ratios. He also summarizes the published data on six- 
row versus non-six-row. The V v  factor differentiates between six-row and 
non-six-row but the intermedium factor pair li influences the non-six-row 
head type in Fz and Fa. He concludes that “Defeciens,” “distichon,” and 

1 Paper read before the SIXTH INTERNATIONAL CONGRESS OF GENETICS at Ithaca, New York, 
August 30, 1932. 
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INHERITANCE IN BARLEY 149 

"vulgare" form an allelomorphic series but that intermedium or low fertil- 
ity reported by HARLAN and HAYES, GRIFFEE, and ROBERTSON is not an 
allelomorph of the above mentioned series. 

MATERIAL AND METHODS 

This paper presents studies of the inheritance of simple Mendelian fac- 
tor pairs and their possible linkage relations. The following symbols were 
used to designate the different factor pairs studied. 

Non-six-row versus six-row V V  

Black versus white glume color Bb 
Hulled versus naked caryopsis N n  
Hoods versus awns Kk 
Intermedium versus non-intermedium I i  

ss 
Green versus white seedlings A a  
Long versus short haired rachilla 

Green versus yellow seedlings xx 
Green versus Chlorina seedlings Ff 
Purple versus white straw color P r  p r  

The parental varieties were differentiated by the following factor pairs: 
TABLE 1 

List of factor pairs found in the different parents. 

NEPAL CHEVALIER BLACK AULLEBS TREBl COL8EM V NIIBBON-EIiLE NO. 2 

vv vv W vv 
. .  . .  . .  P, P I  

bb bb BB bb 
nn " nn N N  

kk kk kk 
11 

KK 

.ss ss ss ss 
Xnxn . .  A b a b  . .  

. .  2% . I  

W vv 
PvPr p r p r  
bb bb 
N N  " 
K K  kk 
22 . .  
ss ss 
f c f c  A m  

Methods of conducting experiments 
Methods similar to those described in a previous publication (ROBERT- 

SON 1929) were used. The same symbols were used to interpret characters 
as those used in previous publications (ROBERTSON 1 9 2 9 ,  ROBERTSON and 
DEMING 1930, ROBERTSON, DEMING and KOONCE 1932, DAANE 1931). 
Additions to the latter list were made for the following character pairs: 
Intermedium versus non-intermedium (li) and Purple versus white straw 
color (Pr p , ) .  

INHERITANCE OF SIMPLE MENDELIAN FACTOR PAIRS 

In the cross between Colsess V and Chevalier, the parents apparently 
differed by two pairs of factors for fertility of the lateral florets and the 
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150 D. W. ROBERTSON 

results were entirely similar to those obtained by HARLAN and HAYES in 
1920. The genotypes of the F P  plants were determined by breeding be- 
havior in Fa, the particular purpose being to find which of the Fz plants 
carried the intermedium factor. Table 2 gives the type of segregations 
which were obtained. The Fz genotypes belonging to classes 4 and 7 evi- 
dently carried the intermedium factor in a recessive condition. The re- 
maining classes had the dominant condition for the intermedium factor. 
Class 1 which bred true for six-row could not be used in this material, as 
i t  could not be differentiated for the presence or absence of the inter- 
medium factor. Using the material in classes 2 to 7, a ratio of 1184 Fz 
plants carrying dominant I and 447 of the recessive type were obtained. 
These classes were used later in the study of the interaction between the 
chlorina factor pair and the intermedium factor pair. 

TABLE 2 
Fa segregating classes and Fa genotypes of non-six-row plants from a cross Colsess V 

(vzdgare) X Chevalier (distichon). 

2 &row and intermedium V v I I  
3 &row intermediate, intermedium and 2-row VVIi 
4 Grow and 2-row vv i i  
5 Homozygous for intermedium V V Z I  
6 Intermedium and 2-row v V i I  
7 2-row VVii 

The inheritance of the character pair green versus white seedlings was 
studied in a cross between ColsessXBlack Hulless and Black HullessX 
Trebi. A simple Mendelian segregation was obtained (table 3). 

The inheritance of straw color was studied in a cross between Nilsson 
Ehle No. 2 and Trebi. The data in table 3 indicate that purple versus white 
straw color is the result of the interaction of a simple Mendelian factor 
pair. 

TABLE 3 
Inheritance of simple Mendelian characters. 

FACTOR PAIRS CEA"RS 
DEV. IN DEV. 
NUMBERS P.E. 

a A 
~ 

I i  Intermedium versus non-intermedium 1184 447 39.25 3 . 3  
Abab Green versus white seedlings 1350 428 16.50 1.3 
P,p, Purple versus white straw 676 217 6.25 0 .7  

INTERRELATION OF SIMPLE MENDELIAN FACTOR PAIRS 

The factor pair ( F c f f , )  and its relationship with the following linkage 
groups I11 ( N n ) ,  IV (KR) and V (5's) (DAANE 1931), (ROBERTSON 1932) 
was studied. 
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INHERITANCE IN BARLEY 151 

Green versus chlorina seedling ( F J C )  and covered versus naked caryopsis (Nn)  

The interrelationship of the factor pair (Fcfc)  and (Nn) was studied in a 
cross between Colsess V and Nepal. The number of chlorina plants was 
lower than expected on the basis of a segregation for 3 green to 1 chlorina. 
The x2 test for independence was used. The data presented in table 4 indi- 
cate that the factor pairs ( F c f e )  and (Nn)  are inherited independently of 
each other. 

Green versus chlorina seedlings (F,f J and the intermedium 
versus non-intermedium (Ii) 

The intermedium and non-intermedium classes in table 3 were used for 
the study. They were regrouped for plant color, and a close fit to a 9 : 3 : 3 : 1 
ratio was obtained (table 4). The data presented indicate that the factor 
pairs (Fc,fe) and ( I i )  are inherited independently of each other. 

Green versus chlorina (FJ , )  and long versus short 
haired rachilla (Ss) 

The interrelationship of the factor pairs ( F c f c )  for green versus chlorina 
seedlings and the factor pair (Ss) which is located in group V was studied 
in a cross between Colsess V and Nepal 1. The observed and calculated 
ratios for independence are given in table 4. The x2 test indicates that the 
factor pairs (Fcfe)  and (Ss) are inherited independently of each other. 

The data already presented show that the factor pair (Fcfc)  for green 
versus chlorina seedlings in Colsess V is inherited independently of factors 
found in the following groups: Group I (1932) ; Group I1 (1930) ; Group I11 
(Present paper); Group IV, (1930) and Group V (1932). The factor pair 
(FJ,)  is, however, linked with the factor pair ( Y c y , )  for green versus vires- 
cent seedlings in Coast I11 (1932). 

Intermedium versus non-intermedium (Ii) and hoods 
versus awns (Kk)  

The interrelationship of the factor pairs (Ii) for intermedium versus non- 
intermedium and (Kk)  for hoods versus awns was studied in a cross between 
Colsess V and Chevalier. The factors went into the cross in the following 
order: K K I I  in Colsess and kk i i  in Chevalier. The Fz segregation should, 
therefore, be in the coupling phase. 

In  testing the interrelationship of the factor pairs (Kk)  and (1;) the fol- 
lowing segregations were obtained (table 5 ) .  

If linkage occurred it would be in the coupling phase, since the factor 
pairs went into the cross as K K I I  and kkii .  The above data indicate such 
a linkage. IMMER’S tables for calculating linkage intensities were used and 
a crossover percentage of 15.12 k0.65 was obtained; when the observed 
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TABLE 5 
Fz segregations of a cross betweeeen Colsess V and Chevalier. The FP classes for  lhe (Ii) factor pair 

mere determined f rom Fa segregations. 

HOODED AWNED 

INTER- WOODED INTER- AWNED X* P 
MEDIUM %ROW MEDIUM %ROW 

Observed 1078.0 129.0 106.0 318.0 
Calculated 9 : 3 : 3 : 1 917.4 305.8 305.8 101.9 718.80 verysmall 
Calculated 15.12percentcrossover 1109.3 114.0 114.0 293.8 5.42 .07 

ratio is compared with a calculated ratio with 15.12 percent crossing over, 
a close fit was obtained. 

Since there is a linkage of the factor pairs (KK) and (li) and it is in the 
coupling phase, this should prove the genetic constitution of the parents 
for the (KK) and (li) factors. Table 5 shows a coupling type of linkage and, 
therefore, ( K K )  and (11) must have gone into the cross in Colsess since 
it is hooded, and Kkii must have gone into the cross in Chevalier since 
it is awned and non-intermedium. In a previous publication, ROBERTSON 
(1929) obtained a ratio of 1 six-row, 2 intermediate and 1 two-row in a 
cross between Colsess I and H .  distichon nigrinzldum. The two-rowed par- 
ent evidently has the genetic constitution ( V V l l )  and Colsess I has the 
genetic constitution ( v v l l ) .  In this case the only factor pair segregating 
would be (Vv) and a simple Mendelian segregation would be obtained in 
Fz, proving the constitution of H .  distichon n igr inudum to be ( V V l l ) ,  since 
Colsess has already been shown to have the (11) factor in the dominant con- 
dition. As has already been stated of the cross Colsess V and Chevalier, 
classified as H .  distichon by HARLAN (1918), seven classes were obtained 
in Fz showing that two factor pairs are involved: the (Vv) factor pair for 
non-six-row versus six-row and the (li) factor pair for intermedium versus 
non-intermedium. Since the Colsess parent has the genetic constitution 
( v v l l )  the genetic constitution of Chevalier would be (VVii)  giving a F1 
plant which would be heterozygous for both factor pairs, Since two types 
of segregation were obtained from crosses of Colsess Xdistichort the indica- 
tions are that the (li) factor pair is independent of the allelomorphic series 
for six-row, “distichon” and “dejiciens.” 

From the same crosses where (li) and (Kk) indicated a linkage the inter- 
relationship of the factor pairs (KK) and (Vv) were studied also. For this 
purpose, the F, data for rows were again used. The groups were classed as 
follows : six-rowed hooded; six-rowed awned; non-six-rowed hooded and 
non-six-rowed awned. Table 4 gives the different segregating groups for 
the factor pairs (Vv) and (KK). From the data obtained it may be con- 
cluded that the factor pairs (Vv) and (KK) are inherited independently 
of each other. 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/18/2/148/6063485 by guest on 25 M

ay 2023



154 D. W. ROBERTSON 

Since there is no indication of linkage between the factor pairs (KK) 
and ( V v )  it is also evident that the factor pairs ( V v )  and ( I i )  are in differ- 
ent linkage groups. This is further borne out by earlier studies which show 
( V v )  and (Kk) to be located in different groups (ROBERTSON 1929, DAANE 
1931). 

Interrelation of green versus white seedlings ( A  b a b )  

and long versus short haired rachilla (Ss) 

The interrelationship of the factor pair ( A  b a b )  with (Kk)  ( N n )  and (Ss) 
was studied in crosses between Colsess X Black Hulless and Black Hulless 
XTrebi. In one of the former crosses only the Black Hulless parent was 
heterozygous for white seedlings and the relationships of the factor pair 
( A  b a b )  were studied in this cross. The following simple Mendelian segrega- 
tions were obtained: 

TABLE 6 
Inheritance of simple Mendelian characters. F I  plants lzeterozygous for factor pair (Abab). 

CEARACIZR 

DEVIATION IN DEVIATION 

A a NUMBER8 P.E. 

Kk Hoods versus Awns 335 115 2.5 0.40 
N n  Covered versus naked 331 119 6 . 5  1 .os 
ss Long versus short haired rachilla 300 150 37.5 6.05 

*ss Long versus short haired rachilla 653 216 8.75 1.00 

* The families giving this segregation were homozygous for green. 

In table 6 it will be seen that long versus short haired rachilla does not 
fit the calculated 3 to  1 ratio very well. The families from which the first 
segregation is obtained were also heterozygous for seedling color. The sec- 
ond count which fits a calculated 3 : 1 ratio was obtained from two pure 
green families. This would indicate that the character long versus short 
haired rachilla is due to the interaction of a simple Mendelian factor pair, 
but the segregation is influenced by the presence of the factor pair ( A  b a b )  

for green versus white seedlings. 
The other two factor pairs (Kk)  and ( N n )  seem to fit the calculated 3: 1 

ratio very well. Since the factor pair ( A  b a b )  was also present in the families 
in which the above characters were studied and has no influence on the 
segregation one can conclude that the factor pairs (Kk)  and ( N n )  are in- 
herited independently of the factor pair ( A  b a b ) .  

A further study of the interrelationship of the factor pairs (Abab) and 
(Ss) was made in a cross between Black Hulless and Trebi. 

The Fz data when studied in relationship to the two factor pairs show a 
poor fit to a calculated 9:3:4 ratio which is similar to the data found in 
the Colsess cross. 
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TABLE 7 
Fz segregation of long versus short haired rachilla and green versus white seedlings. 

CROM QUEEN M N Q  QREEN SHORT WHITE XI P 

ColsessXBlack Hulless Observed 300 150 149 16.7 0.0003 
9:3:4 Calculated 336.9 112.3 149.8 

TrebiXBlack Hulless Observed 973 483 517 52.55 very small 
9:3:4 Calculated 1109.8 369.9 493.3 . . . .  

Since long haired rachilla went into the cross in the heterozygous parent 
a decrease in the number of long haired rachilla plants would be expected 
if the factors for white seedlings and long haired rachillas were linked. 
COLLINS' formula for use when one of the classes is missing was used to 
determine the crossover percentage. 

A B - 2 A b  
A B - A b  *= 

In the Colsess XBlack Hulless cross no crossing over was obtained. In 
the Trebi XBlack Hulless cross a value of 6.93 percent was obtained. The 
fit of the observed to calculated ratio is given for the Trebi XBlack Hulless 
in table 8. 

TABLE 8 
Observed and calculated ratios for 0 and 6.93percent crossing over as determined from F1data. 

CROSS QREEN LONQ QUEEN SHORT WHITE X' P 

ColsessX Black Hulless Observed 300 150 149 . .  . .  
Calculated 0 percent crossover 299.50 149.75 149.75 .005 very large 
TrebiXBlack Hulless Observed 973 483 517 . .  . .  
Calculated 6.9 percent crossover 988.9 490.9 493.2 1.53 0.48 

Since Fz data where only three classes are available give results which 
are considerably less reliable than Fz data with four classes distinguishable, 
the progeny of the green plants with long haired rachillas were grown in FI, 
and the FZ genotypes determined for the factor pairs (Ss) , long versus short 
haired rachillas and (Abab) green versus white seedlings. Table 9 gives 
the results obtained from the F3 data. 

TABLE 9 
Proportion or number of FZ genotypes as determined from Fa breeding behavior. 

CRo88 AASS AASs AaSS A d s  X I  P 

ColsessXBlack Hulless Observed 3 53 53 180 . .  . .  

TrebiXBlack Hulless Observed 56 319 260 1017 . .  . .  
Calculated 1 : 2 : 2 : 4 ratio 32.1 64.2 64.2 128.4 51.02 verysmall 

Calculated 1:2:2:4ratio 183.6 367.1 367.1 734.2 235.1 verysmall 

The Fz data further indicate that the factor pairs (Ss) and (Abab)  are 
linked. 
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When the Fz genotype classes are tested for linkage a crossover value 
of 23 percent for the Colsess cross and 26 percent for the Trebi cross is 
obtained. 

TABLE 10 
Fz genotype classes and calculated ratios with 23 and 26 percent crossing over, 

CROSS AASS AASa AaSS A d 8  X2 P 

ColsessX Black Hulless 3 53 53 180 . .  .. 

TrebiXBlack Hulless 56 319 260 1017 .. . .  
Calculated 23 percent crossover 7.45 49.86 49.86 181.8 3.07 0.38 

Calculated 26 percent crossover 54 307.4 307.4 983.2 8.98 0.02 

The P value for the Trebi X Black Hulless cross is small and the high x2 
value is caused by the AaSS group. This discrepancy may have been due 
to slight errors in classification and some of the plants from the AaSS class 
may have been placed in the AaSs class. However, the observed fits the 
calculated ratio with 23 percent to 26 percent crossing over much better 
than a ratio calculated for independence of the factor pairs ( A  bab) and (Ss). 

When we test the fit of the F, data to calculated ratios with 23 percent 
and 26 percent crossing over, a good fit is obtained also. 

TABLE 11 
F? segregation for  long versus short haired rachillas and green versus wlaite seedlings. 

CROSS GREEN LONG GREEN SRORT WHITE XZ P 

ColsessX Black Hulless Observed 300.00 150.00 149.00 . .  .. 
Calculated Ratio 22.75 percent crossover 307.25 142 .OO 149.75 0.63 large 
TrebiXBlack Hulless 973.00 482.00 517.00 . .  . .  
Calculated Ratio 26 percent crossover 1019.80 459.90 493.30 4.44 0.11 

It is apparent that the factor pairs ( A  bab) and (Ss) are linked with about 
26 percent crossing over. 

Purple versus colorless straw ( P I  p r )  and non-six-row 
versus six-row (Vv) 

The interrelationship of the factor pair for six-rowed versus non-six-rowed 
and straw color was studied in a cross between the selection Nilsson-Ehle 
No. 2 and Trebi. There was some indication of linkage. Colored straw and 
two-rows went into the cross in selection No. 2 and colorless straw and 
six-row went into the cross in Trebi. 

In studying the interrelationship of straw color and rows, F3 data were 
used to determine the F, genotypes. The results of this study are given in 
table 12. 

The results indicate that the factor pair (Vv) for non-six-row versus six- 
row is linked with factor pair (Prpl) for purple versus colorless straw with 
about 9.0 percent crossing over. 
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TABLE 12 
Fz genotypes on the basis of Fa breeding behavior in a cross segregating for six-rowed versus non-six- 

rowed and purple straw versus colorless straw compared d t h  a calculated 9 : 3 : 3 :  1 ratio and a 
ratio calculated with 9 percent crossing over. 

NON-SIX-ROW SIX-ROW 

XZ - P 

PURPLE WHITE PURPLE WHITE __- 
Observed 636.00 45.00 40.00 171.00 . .  . .  
Calculated 9 : 3 : 3 : 1 501.75 167.25 167.25 55.75 460.00 verysmall 
Calculated 9 percent crossing over 630.66 38.34 38.34 184.66 2.28 0.52 

In order to check the possibility of linkage with the intermedium factor 
pair, the following F3 classes were grouped: 2 = (IT), 3 = (li), 5 = (ll), 
6 = (li) as intermedium and the other classes, four and seven, were grouped 
as 2-row. The six-row class had to be discarded as no distinction of the 
( I I ) ,  (li) and (ii) combinations could be made. The results obtained due 
to the discarding of the six-row colorless class reduced the number of in- 
dividuals in the colorless class and gave a ratio which was not a normal 
9: 3 : 3 : 1 ratio but fitted two 3 : 1 ratios very well. 

TABLE 13 
FP segrefation of 9urple versus white and intermedium versus two-row. 

PURPLE WHITE 

XP P 
INTERNEDIUN Z-ROW INTERNEDIUY &ROW 

~~ ~~~ ~ 

Observed ratio 458.0 178.0 34.0 11.0 . .  . .  
Calculatedratio forindependence 459.5 176.5 32.5 12.5 0.2668 0.60 

~ 

The above data further indicate that the factor pairs (Vv) and (li) are 
inherited independently of each other. 

SUMMARY 

1. The inheritance of the following character pairs was explained on a 
simple Mendelian basis. Intermedium versus non-intermedium (li), green 
versus white seedlings in Black Hulless ( A b a b )  and purple versus white 
straw color (P, pr). 

2. The interrelationship of the factor pairs (FJ , )  for green versus chlorina 
seedlings and factor pairs in linkage groups 111, IV and V were studied. 
(a) The factor pair (F,f,) was found to be inherited independently of the 
following factor pairs: (Nn) Group 111, (Kk) Group IV and (Ss) Group V. 
It has previously been found to be inherited independently of factors in 
Group I, I1 and VI. 

3 .  The factor pair (li) was found to be linked with the factor pair (Kk) 
with 15.12 .065 percent crossing over. 
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4. The factor pair (Vv) was found to be inherited independently of the 
factor pair ( K k ) ,  indicating that the factor pairs (Vu) and (Ti) are not in 
the same linkage group. 

5 .  The white seedling factor pair (Abab) was found to be inherited in- 
dependently of the factor pairs (Kk) and (Nn) but was found to be linked 
with the factor pair (Ss) with a percentage crossover of about 26. 

6. The factor pair (Pr pl.) was found to be linked with the factor pair 
(Vv) with a crossover value of 9.0 rt0.68. The straw color factor pair was 
also-found to be inherited independently of the factor pair (li). 

7. The present study adds another linkage group to the six already 
found. Chlorina (Fcfc )  was found to be inherited independently of a t  least 
one factor pair in each of the already known groups. 

The factor pair (1;) has been added to Group IV. 
The factor pair (Abab) has been added to Group V and the factor pair 

(PI. pr) has been added to Group I. 
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