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Summary. The genetics and relationships between the 
genes in rye located in the nucleus and cytoplasm of  the 
male sterility of  the G-type were investigated. A factor 
inducing male sterility was found in the cytoplasms or rye 
cv Schl~gler alt and rye cv Norddeutscher Champagner.  
Monogenic inheritance was observed in linkage tests. 
Using primary trisomics of  rye cv Esto, the nuclear gene 
msl was found to be located on chromosome 4R. Mod- 
ifying genes, probably masked in normal cytoplasm but 
expressed in male-sterility-inducing cytoplasm together 
with gene msl, were located on chromosomes 3R (ms2) 
and 6R (ms3). Mono-,  di-, and trigenic inheritance types 
were found in backcross progenies of  trisomics. 
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Introduction 

Obermayer (1916) was the first to observe male-sterile 
rye plants, and Putt (1954) discovered male sterility con- 
trolled by the interaction of  genes located in the nucleus 
and the cytoplasm. Genetic analyses of  various male- 
sterile lines found since have produced very different 
results. Thus Kobyljanskij (1969), Madej (1976), Lapin- 
ski (1972), and Gabara  et al. (1986) found monogenic 
recessive inheritance whereas, for instance, Kobyljanskij 
and Katerova (1973), Scoles (1980), and Ruebenbauer 
et al. (1984) observed up to five genes controlling male 
sterility in rye. At  present, the male sterility of  the P-type 
selected from 'Pampa '  rye by Geiger and Schnell (1970) 
is that commonly used in breeding. However, inheritance 
of  this male sterility type is very complicated (Rueben- 
bauer et al. 1984). 

Hence, new sources of  male sterility showing simple 
inheritance have been sought. Adolf  and Winkel (1985) 
succeeded in developing such a new type an named it 
G-type. The male-sterile line of  this G-type was selected 
from rye cv Schl/igler alt, whereas the nonrestorer line 
was found by testcrossing male-sterile plants with inbred 
lines of  different origins. 

Studies were made to analyzing the genetics of  male 
sterility and the interactions between genes in the cyto- 
plasm and the nucleus. This paper presents some results 
of  these investigations. 

Materials and methods 

1. Male-sterile plants of the G-type (msG) were crossed with the 
marker lines ctl, ct2, An5, hat, and wal in order to analyze 
inheritance and to find linkages between the gene(s) controlling 
male sterility (ms gene) and the marker genes representing chro- 
mosomes 5R and 7R (De Vries and Sybenga 1984; Melz et al. 
1988). Linkage was tested using the method described by Weber 
(1978). Male-steriles were all plants showing either degenerated 
anther of no pollen in reduced anthers. Fertiles had to be subdi- 
vided into semisteriles showing only little pollen in reduced an- 
thers, and fertiles with pollen in normal authors. 

2. Inbred lines of very different origin ('Carsten,' 'Esto,' no. 1006, 
'Norddeutscher Champagner,' (Petkuser,' 'Schlfigler alt,' and 
Secale silvestre bastard) were crossed with the nonrestorer line 
of the G-type (nonrG) to investigate the influence of the individ- 
ual cytoplasms on male sterility. 

3. The trisomics of rye cv Esto (Sturm 1978; Melz et al. 1988) 
were crossed with the nonrestorer line of the G-type in order to 
locate gene msl on chromosomes. The resulting male-fertile 
Fl-trisomics had to be used as pollinators for male-sterile 
plants, because it was known from previous analyses that the ms 
gene of the G-type is not expressed in the cytoplasm of rye cv 
Esto. The resulting progenies were grown in the field and inves- 
tigated for male sterility. The segregations obtained were tested 
by Chi-square tests (Weber 1978) for goodness of fit with the 
expected segregations (Table 1). Trisomic 7R was not available 
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Table 1. Genetic basis of trisomic analysis - expected segregations in backcross progenies 

(a) Monogenic inheritance 

Initial cross Backcross Expected segregations 

AAA x aa aa x AAa 2Aa: 1 aa 
aaa x AA aa x Aaa 1Aa: 2aa 

AA x aa aa x Aa IAa:  laa 
aa x AA aa x Aa 1Aa: laa  

Phenotype fert. ster. 

(b) Digenic inheritance 

Initial cross Backcross Expected segregations 

AaBb Aabb aaBb aabb 

AAABB x aabb AAaBb x aabb 
AABBB x aabb AaBBb x aabb 
aaabb xAABB AaaBb x aabb 
aabbb xAABB AaBbb xaabb 

aabb xAABB AaBb x aabb 
AABB xaabb AaBb xaabb 

Phenotype 

2 2 l 1 2:4 
2 1 2 1 3:3 
1 1 2 2 4:2 
1 2 1 2 3:3 

1 1 1 1 2:2 
1 1 1 1 2:2 

fert. fert. ster. ster. 

(c) Trigenic inheritance 

Backcross Expected segregations 

AaBbCc AabbCc AaBbcc aaBbCc Aabbcc aaBbcc aabbCc aabbcc 

AAaBbCc x aabbcc 2 2 2 1 2 t 1 1 4: 2: 6 
AaBBbCc x aabbcc 2 1 2 2 1 2 1 1 6 : 1 : 5 
AaBbCCc x aabbcc 2 2 1 2 1 1 2 1 6 : 1 : 5 
AaaBbCc x aabbcc 1 1 1 2 1 2 2 2 8 : 1 : 3 
AaBbbCc x aabbcc 1 2 1 1 2 2 1 2 6 : 2: 4 
AaBbCcc x aabbcc 1 1 2 1 2 2 1 2 6 : 2 : 4 

AaBbCc x aabbcc 1 1 1 1 1 1 1 1 4:1 : 3 

Phenotype fert. fert. fert. ster. semi. ster. ster. ster. 

because of poor vitality and fertility. However, the location on 
this chromosome was investigated using the linkage test. 

R e s u l t s  and  d i s c u s s i o n  

1. F 1 genera t ions  o f  combina t ions  be tween  male-ster i le  

plants  and markers  analyzed showed  male-fer t i le  p lants  

only. M o n o g e n i c  3 : 1 segregat ions  cou ld  be observed  in 

all F 2 progenies  (Table 2). I t  cou ld  thus  be conc luded  that  

the male  sterility o f  the G- type  is cont ro l led  by one reces- 

sive gene. This  gene should  be n a m e d  msl .  
N o  l inkage be tween  gene ms1 and the m a r k e r  genes 

tested was observed  (Table 2). Consequent ly ,  i t  seems 
feasible to exclude the loca t ion  o f  gene msi  on  c h r o m o -  

somes 5R and 7R revealed by the marke r  genes used for 
l inkage analysis. 

2. Because ms-plants  and the nonres to re r  o f  the G- type  

were found  in cul t ivars  and  inbred lines o f  different  

origin,  it was conc luded  that  there mus t  be differences in 

the cy top lasm of  male  sterility be tween  rye cultivars.  

Thus ,  inbred  lines o f  different  or igin were  crossed wi th  

the nonres to re r  o f  the G- type  to conf i rm this hypothesis .  

The  resul t ing F 1 genera t ions  were  male  fertile. However ,  

no t  only  F 2 progenies  showed  male-fer t i le  p lants  bu t  also 

segregat ing F 2 popu la t ions  (Table 3), It  seems no rma l  
that  male-ster i le  plants  occur red  in the F2 p rogeny  of  cv 

Schl/igler alt, because  it was the or igin  o f  the G- type  and 

consequent ly  o f  the cytoplasm,  too.  Howeve r ,  there was 
also a 3 : 1 segregat ion in the F2 p rogeny  of  cv N o r d -  

deutscher  Champagne r .  Thus,  b o t h  cul t ivars  seem to be 

o f  the same cy top lasmic  or igin  or  the same cy top lasmic  

muta t ions .  



Table 2. Results of linkage analyses 
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Genes tested Total plants 
examined 

Observed F 2 segregations 

A.Msl A.mslmst aaMsl, aamslmsl 

z 2 values 

3:1 3:1 Linkage 

msl x An5 484 
msl x ctl 402 
msl x ct2 854 
msl x hat 236 
msl x wal 258 

266 99 90 29 
235 67 79 21 
462 177 160 55 
131 47 42 16 
149 56 40 13 

0.1 0.5 0.4 
0.0 2.4 0.1 
0.t 2.1 0.4 
0.1 0.4 0.1 
2,7 0.4 0.2 

Values for significance at l df.' 3.84 (P=0.05) 

Table 3. F 2 segregations of crosses between inbred lines and the 
nonrestorer of the G-type (nonrG) 

Combination Observed F 2 Z 2 values 
segregation 

fertile sterile 3 : 1 15 : 1 

Petkuser x nonrG 93 0 
160 0 

Carsten x nonrG 120 0 
113 7 7.5* 0.1 

No. 1006 x nonrG 108 0 
S. silvestre bastard x nonrG 64 4 13.2" 0.1 
Schliiger x nonrG 55 28 3.4 
Norddeutscher Champagner 73 32 1.7 

x nonrG 
Esto (trisomics) • nonrG 312 0 

* Values for significance at 1 df.' 3.84 (P<0.05) 

No  male-sterile plants were observed in the F z proge- 
nies of  'Cars ten, '  'Esto ' ,  no. 1006, or 'Petkuser . '  Conse- 
quently, it is impossible to use the trisomics o f  'Es to '  to 
locate gene msl  in the known way because there would 
be no expression of  gene msl  in the F 2 populat ions .  On 
the other hand,  there is no transmission of the addi t ional  
chromosomes of  the trisomics via pollen. Hence, in the 
first step it was necessary to cross the trisomics with the 
nonrestorer  and, in the second step, male-sterile plants  
were crossed with the F 1 trisomics. This back-cross 
method seemed to be the best way to avoid the problems 
resulting from the combinat ion  of  unsuitable cytoplasm 
of  'Es to '  and the lack of  t ransmission of  addi t ion chro- 
mosomes of  the trisomics via pollen. However,  there 
were new problems,  which are described below. 

A small number  of  male-sterile plants  was found in 
another  progeny of  'Cars ten '  and in the F z generat ion of  
the cross with the S. silvestre bastard.  These male-sterile 
plants  p robab ly  resulted from a second gene interacting 
with gene msl.  This second gene is obviously expressed 
only if  there is another  ms-gene. Since both  recessive 
genes were combined,  male sterility occurred also in the 
cytoplasm normal ly  inducing male fertility. 

The origin of  the cytoplasmic differences between the 
inbred lines of  normal  rye is still unknown,  but  it is very 

probable  that  mutat ions  in the m t D N A  similar to the 
muta t ion  found by Tudzynski et al. (1986) in male-sterile 
'Pampa  rye '  are the reason for the effects of  different 
cytoplasms found here. Addi t ion  analyses of  m t D N A  
were made to determine the reason for cytoplasmic vari- 
abil i ty observed and to test the m t D N A  const i tut ion of  
' Pampa '  and G-type.  

However,  it can already now be concluded from the 
cytoplasmic differences found that  more male sterility 
systems could exist. The occurrence of  these systems in- 
ducing male sterility should depend only on other muta-  
tions in the cytoplasm and the corresponding genes in the 
nucleus. Addi t ional ly ,  it is possible that  there are many  
masked genes in common rye. These genes could possibly 
affect the known male sterility systems if  they are crossed 
into suitable cytoplasm. 

On the basis of  known cytoplasmic differences and 
inheritance, it is possible to produce new nonrestorers  of  
the G-type and to identify unknown ms-sources. We were 
able to find nonrestorer  plants  using testcrosses with 
male-steriles in various F 2 generations from crosses be- 
tween no. 1006 and the nonrestorer  of  the G-type and 
also in the reciprocal crosses. Addi t ional ly ,  from one 
male-sterile plant  both  male-steriles and nonrestorers 
were constructed by complicated crosses using knowl- 
edge of  cytoplasmic differences and inheritance. 

3. As mentioned,  it was necessary to backcross male-ster-  
iles with F x trisomics to obtain informat ion about  the 
gene locat ion of  gene msl.  Analysis  of  backcross proge- 
nies was carried out  in the summer of  1990. Not  only 
were the clear segregations previously found in l inkage 
analyses observed, but  also segregations with three 
classes (fertiles, steriles, and semisteriles). The number  of  
fertiles and semisteriles was summarized in one class to 
test monogenic  inheritance. I t  was expected normal ly  
that  one trisomic with segregation different from disomic 
1 : 1 segregation would be found. However,  not  only was 
the expected 1:2 segregation observed in progenies of  
tr isomic 4R, but  also segregations different from 1:1 
segregation in progenies of  trisomics 3R and 6R 
(Table 4). Because three chromosomes seemed to have 
influence on trisomic behavior,  digenic and trigenic mod-  
els of  inheritance were constructed (Table 1) and tested 
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Table 4. Trisomic analysis of male sterility of the G-type (backcross) 

Combination Observed segregations 

sterile semifertile fertile 

X z values of expected segregations 

1:1 1:2 2:1 5:1 4:1:3 4:2:6 6:1:5 

msG x (IR x nonrG) 64 0 64 0.0 
msG x (2R x nonrG) 109 5 95 0.4 

57 15 46 0.1 
msG x (3R x nonrG) 241 2 45 130.7 * 
msG x (4R x nonrG) 45 16 84 20.9 * 

44 21 81 23.0* 
msG x (5R x nonrG) 39 4 41 0.4 
msG x (6R x nonrG) 107 12 100 0.1 

84 4 50 6.5" 

0.2 
0.1 

0.3 26.5* 2.9 
0.8 24.9* 1.1 

12.4" 
2.1 

3.0 

* Values for significance at 1 df: 3.84 (P=0.05), at 2 dy2 5.99 (P=0.05) 

for goodness of  fit. I t  was found that  the segregation 
observed in progeny of  tr isomic 2R was not  1:1, but  
actually trigenic 4: 1 : 3 segregation. The segregations ob- 
served in progenies of  tr isomic 4R were also of  trigenic 
origin. The segregations of  trisomic 6R were found to be 
control led by either two or three genes. However,  it was 
not  possible to interpret  the segregation of  tr isomic 3R. 
Because the same segregation was found in a trisomic 
analysis already concluded in 1982, it is very probable  
that  the third gene controll ing male sterility of  the G-type 
is located on this chromosome.  

The reason for the occurrence of  di- and trigenic 
inheritance is not  clear. However,  there are some possible 
interpretat ions of  the results observed. 

- There were masked male sterility inducing genes in the 
trisomics used. These genes were expressed together 
with the rnsl gene in the cytoplasm of  G-type.  Obvi- 
ously there was one heterozygous gene on chromo- 
some 6R. 

- Male  sterility of  the G-type is control led originally by 
more than one gene. However,  trigenic inheritance is 
masked by apparent  monogenic  inheritance. 

Previous investigations showed similar results and 
trisomic analysis was repeated twice. Al though there 
were always conflicting results, it seems possible to con- 
clude that  the major  gene controll ing male sterility of  the 
G-type is gene rnst located on chromosome 4R. The 
modifying genes on chromosome 3R and 6R should be 
named ms2 and ms3, respectively. 

I t  is not  known whether or not  there are more  genes 
affecting the expression of  the male sterility of  the 
G-type.  However,  simple monogenic  recessive inheri- 
tance was observed in most  cases, and male sterility was 
always restored by any inbred line. The ms-lines and 
nonrestorers must  be grown in strict isolation because 
poll inat ion by normal  rye destroys the recessive male 
sterility system, Al though this new type of  male sterility 
is laborious to isolate, it has the advantage of  simple 
inheritance and restorat ion of  male fertility. Hence, male 

sterility of  the G-type could be an alternative to the 
commonly  used 'Pampa '  type in hybr id  breeding of  rye. 
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