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Abst rac t  Leaf rust resistance lines of Triticum aestivum 
carry highly effective Lr genes from Agropyron interme- 
dium (Host) Beauv. This Agro 58 and Agro 139 resistance 
segregated independently of Agropyron leaf-rust resis- 
tance genes Lr-19, Lr-24 and Lr-9 from Ae. umbellulata. 
Monosomic analysis showed that the Lr gene in Agro 139 
was incorporated into wheat chromosome 6D. C-banding 
analysis could not determine the C-banding pattern of 
A. intermedium in wheat-Agropyron lines Agro 58 and 
Agro 139. It is assumed that the transfers occurred from 
the euchromatin regions of the Agropyron chromosomes 
to the euchromatin regions of the wheat chromosomes. It 
is suggested that the Lr gene from Agro 139 be designated 
LrAg~-I and the Lr gene from Agro 58 designated 
LrAgi-2. 
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Materials and methods 

Genotypes 

Lines S29+Agro 1/S 52/AS 13/2/AS 12 (abbreviated Agro 58) and line 
$46/$29-1-139-M-2-2/AS 12 (abbreviated Agro 139) were produced 
by crossing the substitution wheat-Agropyron intermedium lines with 
local cultivars. The substitution lines were acquired from M. Sinig- 
ovec, All-Russian Research Institute of Phytopathology, Moscow, 
Russia. Line Agro 139 was crossed with the 'Saratovskaya 46' se- 
ries of monosomics obtained from the Laboratory of Genetics and 
Cytology, South-East Agriculture Research Institute, Russia (Voro- 
nina et al. 1984). Leaf-rust resistance of segregations F 2, F I B C  j and 
testcross populations was tested by inoculating plants with local pop- 
ulations collected in the field at Saratov. 

C-banding 

Root-tip chromosomes of wheat-Agropyron lines Agro 58, Agro 139 
and bread wheat 'Saratovskaya 29' ($29) were C-banded according 
to a procedure described by Badaev et al. (1985). 

Introduction 

Although wide hybridization between Triticum aestivum 
and oAgropyron intermedium has been carried out for 60 
years only one gene for resistance to leaf rust has been lo- 
calized, Lr-38. In this paper the chromosome location and 
identification of leaf-rust resistance in wheat-Agropyron 
lines Agro 58 and Agro 139 is reported. 
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Results 

Segregation F 2, FIBC 1 

Wheat-Agropyron lines Agro 58 and Agro 139 were 
crossed with the susceptible cultivar 'Saratovskaya 46' 
($46). The F 1 hybrids were highly resistant to leaf rust: 
type 0; 1. One part of the F] hybrids were self-pollinated, 
while the other part was backcrossed once to '$46' ,  with 
the F 1 plants as males. Of the 94 plants of the F 2 popula- 
tion 'S46' /Agro 58, 70 were resistant and 24 susceptible, 
which closely fits the 3:1 ratio (Z2=0.01) expected for 
monogenic control of resistance to leaf rust. These results 
agree with segregation data in F1BC t 'S46' /Agro 58, al- 
though of the 132 plants of the F1BC 1 population 81 were 
resistant and 51 susceptible, which does not fit the 1:1 ra- 
tio (Z2=6.82); Z 2 heterogenity was 0.36, which closely fits 
the 1:1 (Table 1). Similar results were obtained in segre- 
gation F 2 and F1BC 1 'S46' /Agro 139. The Z 2 for segrega- 
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Table 1 Segregation of leaf-rust resistance in the P 2 and F1BC 1 gen- 
erations of the crosses 'S46'/Agro 58, 'S46'/Agro 139 (R resistant, 
S susceptible) 

Hybrids 

Table 2 Segregation of leaf-rust resistance in the the F 2 generation 
of crosses Agro 58 and Agro 139 x Lr gene testers (R resistant, S sus- 
ceptible) 

Number ofplants Expected Z 2 Hybrids 
ratio (3:1) a 

R S (1:1) 

Number of plants Z 2 
(15:1) a 

R S 

F 2 'S46'/Agro 58 70 24 3:1 0.01 
F 2 'S46'/Agro 139 66 26 3:1 0.52 
FIBC 1 'S46'/Agro 58 21 12 1:1 2.45 

19 11 1:1 2.13 
23 17 1 : 1 0.90 
18 11 1:1 1,69 

Total 81 51 1 : 1 6.82 
heterogeneity 0.36 

Agro 58/TcLr-9 46 3 0.01 
Agro 58/TcLr-19 55 3 0.12 
Agro 58/TcLr-24 48 3 0.01 
Agro 58/Agro 139 49 4 0.15 
Agro 139/TcLr-9 56 4 0.02 
Agro 139/TcLr-19 79 5 0.01 

a The Z 2 value for significance at the 5% probability level is 3.84 

F1BC 1 'S46'/Agro 139 25 15 1:1 2.50 
18 10 1:1 2.29 
15 9 1:1 1.50 
16 9 1:1 1,96 

Total 74 43 1:1 8.21 
heterogeneity 0.03 

a The Z 2 value for significance at the 5% probability level is 3.84 

t ion F 2 was 0.52, and Z a F I B C  1 was 8.21, b u t  •2 hetero-  
geni ty  was 0.03. Segrega t ions  in F1BC 1 ' S 4 6 ' / A g r o  58 
and F I B C  1 ' S 4 6 ' / A g r o 1 3 9  showed that the Lr genes of  
Agro  58 and Agro  139 were  t ransferred with pol len  with-  
out  d is turbance.  

A l l e l i s m  test  

Wheat-Agropyron l ines were  crossed  with near ly - i sogenic  
l ines 'Tha t che r ' ,  car ry ing  Lr-9, Lr-19, Lr-24, and with each 
other  to de te rmine  whether  they carr ied  different  genes.  In 
the Volga region  only three Lr  genes,  Lr-9, Lr-19 and 
Lr-24, are h igh ly  effective.  Of  the 49 plants  of  the F 2 pop-  
ula t ion Agro  58/TcLr-9, 46 were  res is tant  and 3 suscepti-  
ble, which  c lose ly  fits the 15:1 rat io (X2=0.001) expec ted  
for  independent  segregat ion  of  two loci.  The Z 2 for segre-  
gat ion F 2 Agro  58/TcLr-19 was 0,12, Z 2 for segregat ion  F 2 
Agro  58/TcLr-24 was 0,01, Z 2 for segregat ion  F 2 Agro  
58 /Agro  139 was 0,15. S imi la r  results  were  obta ined  for 
segregat ions  F 2 Agro  139/TcLr-9 and Agro  139/TcLr-19: 
Z2=0.02 and Z2=0.01 (Table 2). Thus, the res is tance of  
Agro  58 and Agro  139 segrega ted  independen t ly  o f  leaf  re- 
s is tance genes Lr-9, Lr-19 and Lr-24. However ,  it is wel l  
known that leaf-rus t  res is tance  genes f rom wi ld  re la t ives  
may  be loca ted  on differents  ch romosomes  of  wheat.  

For  example ,  Lr-19 is loca ted  on 7 A L  and 7DL; Lr-38, 
on 2AS,  1DL, 3DS, 5AS,  6DL; and Hp f rom rye  is located 
on 4AL,  5BS and 6D. Fur thermore ,  d i f ferent  species  carry 
al le les  of  the same gene; for example ,  Lr-19 f rom Ag. elon-  
ga tum (2n=70) and Lr-19d f rom Ag. distichum (2n=28) 
(McIn tosch  et al. 1993). Therefore ,  in the case o f  interge-  
neric t rans loca t ion  F 2 segregat ion  analysis  a lone is not 
enough to locate  and ident i fy  the genes for leaf-rust  res is -  
tance and addi t ional  tests with molecu la r  markers  are 
needed.  We expla in  our F 2 segregat ion  data as d i f ferences  

Table 3 Segregation of leaf-rust resistance in the F 2 generation from 
monosomic Fls of crosses 'Saratovskaya 46' monosomics • Agro 
139 (R resistant, S susceptible) 

Monosomic Number of plants ~2 
(3:1) a 

R S 

1A 65 26 0.62 
2A 45 31 10.11 
3A 55 34 1.11 
4A 47 26 4.71 
5A 88 30 1.03 
6A 140 31 4.46 
7A 51 28 4.60 
1B 37 41 31.61 
2B 24 19 10.55 
3B 46 23 2.56 
4B 58 27 2.08 
5B 35 19 2.99 
6B 98 24 0.85 
7B 102 44 2.06 
1D 24 13 1.23 
2D 30 6 1.33 
3D 65 37 5.03 
4D 35 13 0 . t l  
5D 95 24 1.45 
6D b 181 4 52.73 
7D 69 19 0.55 

a The Z 2 value for significance at the 5% probability level is 3.84 
b The critical chromosome 

in the ch romosomal  locat ion of  the genes and as in terme-  
diate  s tages of  unident i f iab le  al le l ic  re la t ionships  be tween  
alleles.  

F 2 monosomic  analysis  

The l ine Agro  139 was c rossed  with the ' Sa r a tovskaya  46 '  
monosomics ,  and the F1 monosomic  plants  were  se l f -pol-  
l inated.  The F 2 popula t ions  der ived  f rom the F 1 monosom-  
ics in which the gene was not  on the m o n o s o m e  were  ex- 
pec ted  to segregate  in a ratio o f  3 resistant :  1 suscept ible .  
The F 2 popula t ions  f rom 21 crosses  were tested for leaf-  
rust resis tance.  The 13 segregat ions  f i t ted a 3:1 ratio. The 
segregat ions  o f  the F 2 popula t ions  with monosomics  2A, 
4A, 6A, 7A, 1B, 2B, 3D and 6D did not  fit  a 3:1 ratio,  al- 



620 

though only the cross with monosomic 6D appeared to have 
an excess of  resistant plants (Table 3). All 4 susceptible 
plants were checked and found to be nullisomics. Thus, the 
data suggested that the Lr gene of Agro 139 is on chromo- 
some 6D. 

C-banding analysis 

The chromosomes of Ag. intermedium have a C-banding 
pattern that is typical of outcrossing plants and which is 
situated in the distal and terminal parts of the chromosomes 
(Endo and Gill 1984; Aizatulina et al. 1989). Easily iden- 
tified C-banding patterns of wheat-Agropyron lines Agro 
139 and Agro 58 were not found of the Ag. intermedium 
chromosomes, and large segments of Ag. intermedium 
chromosomes including into wheat chromosomes. There 
were no differences between the C-banding patterns of 
leaf-rust resistance wheat-Agropyron lines Agro 139 and 
Agro 58 and susceptible bread wheat '$29 ' .  We assume 
that the transfers occurred in the euchromatinous regions 
of the Ag. intermedium and bread wheat chromosomes. 

with the Lr genes, they are employed in breeding programs. 
The gene for resistance to leaf rust from Agro 139 was con- 
cluded to be in the 6D chromosome. C-banding analysis in 
Agro 58 and Agro 139 did not show the C-banding pattern 
of large segments or whole chromosomes of Ag. interme- 
dium. We believe that the Agropyron segments are small 
and incorporated into the euchromatin regions of  the wheat 
chromosomes. Agro 58 and Agro 139 are two of the more 
promising lines, being derived from the crossing of wheat- 
Agropyron substitution lines with local cultivars of bread 
wheat. This presumably reflects the fact that only small 
Ag. intermedium chromosomal segments are incorporated 
into the wheat chromosome complement in these lines, as 
indicated by the present results. We suggest  designating 
the Lr gene from Agro 139 as LrAgl-1, and the Lr gene 
from Agro 58 as LrAgi-2. 
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