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Summary. Fourteen of the known genes conferring resis- 
tance to rust in flax occur in the L group, and recombina- 
tional analysis has been used to study their fine structure. 
Three important features were observed. (a) Similar to 
the findings of Shepherd and Mayo, only susceptible 
recombinants were detected among the testcross progeny 
of 11 of the 15 heterozygotes involving pairs of L genes. 
Some of these recombinants showed variation in the de- 
gree of their susceptibility and appeared to be unstable in 
nature. (b) A new class of recombinants exhibiting a 
modified type of resistance was recovered. They occurred 
rarely but consistently, with frequencies similar to that of 
susceptible recombinants. (c) Rare resistant plants oc- 
curred among the progeny of susceptible recombinants. 
In each case, the specificity of the resistant plant corre- 
sponded to only one of the parental types. The relative 
roles of seed contamination, mutation, recombination 
and the transposition of genetic elements are discussed to 
account for these features. 
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Introduction 

Genes conferring resistance to plant diseases frequently 
occur grouped together in the host chromosomes. Such 
grouping has been shown in numerous well-documented 
plant disease systems of agricultural importance includ- 
ing the flax - flax rust, wheat - stem rust, maize - maize 
rust and barley - powdery mildew systems (for recent 
references, see Jones 1988; Mclntosh et al. 1988; Hooker 
1985; Jahoor and Fischbeck 1987). However, it has been 
difficult to determine whether the genes within these 

groups are closely-linked or allelic, and these two gene 
arrangements have quite different theoretical and prac- 
tical implications (Shepherd and Mayo 1972). 

Early attempts to distinguish allelism and close link- 
age between genes conferring rust resistance in flax in- 
volved searching for recombinants among F 2 (Flor 1947; 
Kerr 1960), F 3 (Myers 1937; Flor 1941) or testcross proge- 
ny (Kerr 1960) of plants heterozygous for the two genes. 
None of these identified recombinants unequivocally. 
This is not surprising, since relatively small numbers of 
progeny were raised from heterozygotes with the genes 
present in the repulsion phase. Later, Shepherd and 
Mayo (1972) pointed out that recombination alone is not 
sufficient evidence to distinguish between close linkage 
and allelism. To establish allelism, it is necessary to show 
that such genes control the same function. The cis-trans 
test has been widely used to determine the functional 
identity of genes; but this test is not directly applicable to 
certain groups, including genes conferring resistance to 
plant diseases, whose expression are co-dominant. In- 
stead, Shepherd and Mayo (1972) proposed a 'modified 
cis-trans' test where the cis phenotype could provide the 
diagnostic information required. 

Thus, using large numbers of progeny, the analysis of 
genes conferring resistance to plant diseases has been 
further developed. Tests on the 'fine structure' of genes 
within a group have been carried out in three host- 
parasite systems; namely, genes in maize (Saxena and 
Hooker 1968, 1974; Bergquist 1981) and flax (Shepherd 
1963; Flor 1965; Shepherd and Mayo 1972; Mayo and 
Shepherd 1980) conferring resistance to their rusts, and 
in barley conferring resistance to powdery mildew 
(J~rgensen and Moseman 1972; Giese et al. 1981; Wise 
and Ellingboe 1985). 

In Linum spp., known genes conferring resistance to 
rust occur in six groups, namely, K, L, M, N, P and D 
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Differential cultivar C.I. a no. Gene b Host reaction c to individual rust strains 

A B C D E F G H I 

Ottawa 770B 355 L + P5 d 0 0 0 0 0 4 0 0 0 
B 14 • Burke B14-1180 LI 4 2-3 1 0 3 3 4 4 4 
Stewart 1072 L2 4 0 0 0 0 0 0 4 4 
Pale Blue Crimped 647 L3 0 0 1 0 4 1 0 1 0 
Kenya 709 L4 0 0 0 0 3 0 0 0 0 
Wilden 1193 L5 0 0 0 4 0 0 0 2 3 
Birio 1085 L6 0 0 0 4 0 0 0 0 3 
Barnes 1190 L7 0 0 2 4 0 1 4 4 4 
Towner ~ - L8 0 4 4 0 4 1 4 4 4 
Bison 389 L9 0 4 4 4 4 4 4 0 0 
BoUey Golden Seln. 1183 L I O + R  f 0 0 1 0 2-3 1 4 0 4 
Be x B.G.S. Bf-l183 LIO 0 0 1-2 0 4 1 4 3 4 
Lll  ~ L l l  0 0 4 0 0 0 0 0 0 
Lx h Lx 0 0 0 4 0 0 4 2 4 
Hoshangabad i none 4 4 4 4 4 4 4 4 4 

C.I. = Cereal Introduction number, United States Dept. of Agriculture 
b Flor (1956), Kerr (1960) Flor and Comstock (1972) and Mayo and Shepherd (1980) 
r Reactions: 0-immune, 1-resistant, 2-intermediate, 3-moderately susceptible and 4-susceptible 
d Cultivar Ottawa 770B carries a second gene, P5, recognized by rust strain A (Kerr 1960) 

Stock of Towner carrying host gene L8 obtained from D.A. Jones, Dept. of Genetics, University of Adelaide. Initial stock used did 
not carry this gene (Jones 1988) 
f Cultivar Bolley Golden Seln. carries a second gene "R' not yet isolated as a differential (K.W. Shepherd, personal communication) 
g C.I. number not known 
h Experimental line derived by rare recombination within L6 (Mayo and Shepherd 1980) 
i Obtained from Waite Agricultural Research Institute, accession number W.I. 89 

(Misra 1966; Jones 1988). A critical difference was ob- 
served in the recombinational  behaviour of genes from 
the M group as against those from the L group. In the M 
group, both susceptible and resistant recombinants were 
detected (Flor 1965; Mayo and Shepherd 1980). Further- 
more, among the progeny of resistant recombinants with 
M M 3  in coupling, rare resistant plants having the sepa- 
rate M and M 3  parental specificities were recovered 
(Mayo and Shepherd 1980). This observation confirmed 
the reciprocal nature of recombination between these 
genes and supported the conclusions that genes from the 
M group are situated at separate closely-linked loci and 
function independently of each other. 

In  the L group, among testcross progeny of plants 
heterozygous for L 2 L I O  in repulsion phase, Shepherd 
and Mayo (1972) detected only susceptible recombi- 
nants. Since no resistant recombinants were recovered, it 
was suggested that perhaps resistant recombinants were 
produced, but  L 2  and LIO interact together on the same 
linear strand, in cis, preventing the resistant recombinant  
genotypes being expressed phenotypically. They argued 
that both L2  and LIO specificities should be recovered 
among progeny of approximately half of the susceptible 
recombinants.  When this hypothesis was tested, they re- 
covered rare revertants expressing only LIO, and not  L2,  

specificity. 

Shepherd and Mayo (1972) also detected four suscep- 
tible recombinants among testcross progeny of the L 2 L 6  

heterozygote, using a rust strain avirulent on both L2  

and L6  parental specificities. Later, the progeny of all 
four susceptible plants were tested with a different rust 
strain, also capable of recognizing both L2  and L6. Sur- 
prisingly, whilst one family produced only susceptible 
progeny, the other three families segregated in a ratio of 
3 resistant to 1 susceptible, indicating the presence of a 
new specificity, provisionally named L x  (Mayo and 
Shepherd 1980). 

The apparently complex nature of genes belonging to 
the L group called for further investigation, and recombi- 
nat ion between other genes from this group are reported 
here. 

Materials and methods 

The host cultivars used, together with their reactions to an array 
of rust strains, are listed (Table 1). The cultivar Hoshangabad 
does not carry any known genes conferring resistance to flax 
rust. 

Two types of crosses were made: (a) Testcrosses. F 1 plants, 
heterozygous for two different L genes, were used as females in 
crosses with Hoshangabad or Bison as the susceptible male 
parent. (b) Double crosses. Two F t plants, each heterozygous for 
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two different L genes, were crossed together, similar to the 
procedure used by Knott (1982) to study stem rust resistance in 
wheat. The advantage of this approach is that by choosing two 
appropriate strains of rust (avirulent on both genes present in 
one F1 but virulent on both genes in the other I=1) and with 
sequential testing, susceptible recombinants from both of the 
heterozygotes involved can be detected in the same progeny 
population. 

The techniques of rust inoculation and scoring types of rust 
infections are similar to those described by Flor (1954). The 
procedure used to screen testcross progeny for recombinants 
followed that of Shepherd and Mayo (1972). Progeny were first 
screened with a rust strain avirulent on both parental specifici- 
ties, and those progeny showing a qualitatively greater degree of 
pustule development than the parental types were selected as 
putative susceptible recombinants. When the appropriate rust 
strains were available, the remaining testcross progeny were 
sequentially inoculated with two more rust strains, specific for 
each parental gene, to screen for resistant recombinants having 
both parental specificities. 

The putative susceptible recombinants were raised in strict 
isolation during flowering from all other flax plants, to prevent 
pollen contamination. Care was also taken to avoid contamina- 
tion of seed from other plants at harvest. The progeny of puta- 
tive susceptible recombinants were rust-tested to confirm their 
phenotype and to search for rare resistant revertants. 

Results 

Testcrosses 

Of 11 testcrosses analysed, 9 produced one or more sus- 
ceptible recombinants among their progeny (Table 2). 
However, no confirmed resistant recombinants were re- 
covered among testcross progeny from any of the hetero- 
zygotes. 

Non-parental phenotypes 

Resistant recombinants. With heterozygote L7LIO, 17 
plants appeared to show resistance to all three tester rust 
strains and they were kept for further testing. However, 
none of the plants showed definite immune flecks. Proge- 
ny tests of all 17 plants using rust strains specific for LIO 
and then for L7 demonstrated that each family possessed 
only one gene conferring resistance and, hence, they were 
reclassified as parental types. 

Susceptible recombinants. In contrast, putative suscepti- 
ble recombinants were detected among testcross progeny 
of the LL7, L L l l ,  L2L l l ,  LLIO, L7LIO, LIOLx, LL6, 
LLx  and L3Lx heterozygotes (Table 2). The phenotype 
of these susceptible recombinants varied. Those detected 
among testcross progeny of LL7, L L l l ,  LLIO, LIOLx 
and LL6 gave only type 4 reactions, whereas recombi- 
nants  from other heterozygotes had intermediate reac- 
tion types of 3, 2 - 3  and even 2 (Table 3). For  example, 
three recombinants from the L3Lx heterozygote gave 
reactions of type 2 - 3 ,  3 and 4. Again, certain recombi- 

Table 2. Recombination between genes for resistance at the 
L group in flax 

Genotype No. of Plants Plants with non-parental 
of F 1 testcross with phenotypes 
hetero- progeny parental 
zygote exam- pheno- Resis- Suscep- Modi- 

ined types tant tible fled 
recom- recom- resis- 
binant binant tant 

Test crosses 

LL5 4,477 4,477 0 0 0 
L2Lx 3,624 3,624 0 0 0 
LL7 3,519 3,517 - 2 0 
LLl l  3,933 3,931 2 0 
L2LI! 4,676 4,671 5 0 
LLIO 13,078 13,073 - 5 0 
L7LIO 4,356 4,348 0 8 0 
LIOLx 4,043 4,038 0 4 1 
LL6 1,676 1,672 0 2 2 
LLx 7,578 7,570 0 4 4 
L3Lx 5,062 5,053 0 3 6 

Double crosses 

LL9 4,098 4,098 - 0 0 
L5Lx 4,098 4,098 - 0 0 
L2LIO 3,524 3,517 - 7 0 
L6L9 3,524 3,523 - 1 0 

- = not detectable with the method of analysis used 

nants from the L 2 L l l  heterozygote appeared to be un- 
stable, giving an initial reaction of type 2 or 3, which 
changed to type 4 a few days later. 

With the heterozygote LLx, testcross progeny of one 
batch were initially screened with a rust strain, A, that 
recognizes L and Lx, and three susceptible recombinants 
were detected. Surprisingly, two additional susceptible 
recombinants were detected when these same progeny 
were screened with the second and third rust strains, 
which recognize L and Lx, respectively. The failure to 
detect these recombinants with the first rust strain was 
ascribed to the likely presence of gene P5, since Kerr 
(1960) showed earlier that cultivar Ottawa 770B carries 
P5 in addition to gene L, and we found that rust strain 
A recognizes gene P5. To test this hypothesis, rust strain 
B, which recognizes L and Lx but  not P5, was used to 
progeny test these recombinants.  Unexpectedly, the 
progeny of both recombinants segregated in a ratio of 3 
resistant to 1 susceptible, contradicting the earlier con- 
clusion that they possessed P5. Instead, these plants ap- 
pear to express a modified type of resistance, as described 
below. 

Recombinants with modified resistance. More plants with 
a modified type of resistance were detected among addi- 
tional testcross progeny of the LLx  heterozygote and of 

heterozygotes LIOLx, LL6 and L3Lx (Table 2). These 
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F 1 Plant Sus. recombinant Progeny 
Het. no. 

Rust a Reaction b Rust a Reaction b Total 
strain strain no. tested 

No. of 
revertant 

Specificity 

LL7 (i) B 4 B 4 1318 1 
(ii) B 4 B 4 528 0 

L L l l  (i) B 3 - 4  B 3 - 4  150 0 
(ii) B 4 B 3 - 4  139 0 

L 2 L l l  (i) B 3 r ~ 4 d B 1 +-*3 f 104 - 
(ii) B 2 ~ 4 B 0 ~ 2 44 
(iii) B 2 ~ 4 B 0 ~ 2 120 - 
(iv) B 3/1 e B 1 ~ 3 79 - 
(v) B 4 / 1 - 2  B 1 ~--~3 102 - 

LLIO (i) A 4 B 4 5633 0 
(ii) B 4 B 4 3488 0 

L7LIO (i) B 4 B 4 1097 0 
(ii) B 2 B 2 2346 0 
(iii) B 4 B 4 1839 0 
(iv) B 2 B 2 3616 0 
(v) B 4 B 4 998 0 
(vi) B 4 B 1 ~ 4 1745 - 

LIOLx (i) B 4 B 4 1788 0 
(ii) B 4 B 4 863 0 
(iii) B 4 B 4 200 0 
(iv) B 4 B 4 154 0 

LL6 (i) B 4 B 4 114 0 
(ii) B 4 B 4 17 0 

L L x  (i) A 3 B 4 801 0 
(ii) A 2 - 3  B 4 934 0 
(iii) A 2 B 3 - 4  1428 2 
(iv) B 4 B 4 1644 1 

L3Lx  (i) B 4 B 2 ,--, 4 57 - 
(ii) B 3 B 4 50 0 
(iii) B 2 - 3  B 3 - 4  56 0 

L2LIO (i) D 3 D 4 311 0 
(ii) D 3 D 4 543 0 
(iii) D 2 -  3 D 4 130 0 
(iv) D 3 D 4 352 0 
(v) D 3 D 4 1028 2 
(vi) D 2 D 3 - 4  451 0 
(vii) D 3 D 4 1814 0 

L6L9 (i) H 3 H 4 1935 0 

L7 

Both L x  
Unresolved 

Both LIO 

Refer to Table 1 
b Reactions: 0 - immune ,  l - res i s tan t ,  2-interrnediate,  3 -modera te ly  susceptible and 4-susceptible 
r Initial score 
d Later score 
e Score of top/bot tom leaves 
r Continuous range of reactions 

Not detectable 

p l a n t s  are  p h e n o t y p i c a l l y  d i s t inc t  in  a p o p u l a t i o n  a n d  

in fec ted  leaves  s h o w  a cha rac t e r i s t i c  m a r k e d  s p r e a d i n g  

type  o f  necros i s  ( r eac t i on  type  On), usua l ly  w i t h  n o  pus -  

tules,  b u t  occas iona l ly  p i n h e a d - s i z e d  pus tu l e s  deve lop  in 
the  nec ro t i c  regions .  

Rever tan t  p h e n o t y p e s  

P r o g e n y  o f  p u t a t i v e  suscep t ib le  r e c o m b i n a n t s  were  rou-  

t ine ly  ru s t - t e s t ed  to c o n f i r m  the  p h e n o t y p e  o f  the  o r ig ina l  

r e c o m b i n a n t s  as well  as to  sea rch  for  poss ib le  r a re  resis- 

t a n t  r eve r t an t s .  Usua l ly ,  the  r e a c t i o n  type  o f  the  suscept i -  

ble r e c o m b i n a n t s  was  r e p e a t e d  in  the  p rogeny ,  t h a t  is, 

p l a n t s  w i th  type  4 r e a c t i o n  h a d  p r o g e n y  s h o w i n g  type  4 

r e a c t i o n s  a n d  p l a n t s  w i th  type  2 r e a c t i o n  h a d  p r o g e n y  

g iv ing  type  2 r eac t i ons  (Table  3). H o w e v e r ,  in  a few cases,  

the  r e a c t i o n  types  o f  p a r e n t s  a n d  p r o g e n y  var ied .  F o r  

example ,  w i th  the  L 2 L I O  he te rozygo te ,  r e c o m b i n a n t  

p l a n t  (iii) w i th  type  2 - 3  r eac t i on  gave  all t ype  4 p r o g e n y  
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whereas with L7LIO, recombinant (iv) with a type 4 reac- 
tion gave progeny showing a continuous range of reac- 
tion varying from type 1 to 4 (Table 3). However, rare 
resistant revertants were detected among the progeny of 
susceptible recombinants from heterozygotes LL7 (1 in 
1,318) and LLx  (2 in 1,428). The revertant from the LL7 
heterozygote was shown to possess L7 specificity and the 
two from LLx  had Lx specificity, with one expressing the 
modified type of resistance. 

Double crosses 

The four heterozygotes were tested in two sets of double 
crosses, namely LL9 and L5Lx in the first combination 
and L2LIO and L6L9 in the second (Table 2). In the 
double cross analyses, at least four rust strains with ap- 
propriate specificity were required to detect resistant 
recombinants and, hence, no attempt was made to search 
for such plants. 

Non-parental phenotypes 

Susceptible recombinants. No susceptible recombinants 
were detected when the progeny of heterozygotes LL9 
and L5Lx were sequentially tested with the appropriate 
two strains of rust. However, eight susceptible recombi- 
nants were detected among the progeny of heterozygotes 
L2LIO and L6L9 with seven coming from the L2LIO 
heterozygote and one from L6L9 (Table 2). All of these 
recombinants showed type 2 - 3  reactions (Table 3). 

Revertant phenotypes 

No resistant revertants were detected among the progeny 
of the L6L9 susceptible recombinant, but two revertants 
with LIO specificity were detected among progeny of one 
of the seven susceptible recombinants of the L2LIO het- 
erozygote (Table 3). 

Discussion 

Shepherd and Mayo (1972) drew attention to two unusu- 
al features in their recombinational analysis of L2 and 
LIO genes: (i) Only one of the two expected classes of 
reciprocal crossing over (susceptible recombinants) was 
detected among testcross progeny. (ii) Some of the sus- 
ceptible recombinants produced rare resistant plants 
among their progeny, but they all had the same specifici- 
ty (LIO). 

We have now examined a much wider range of L gene 
combinations in recombinational studies and, again, rare 
susceptible plants were detected in most cases (Table 2). 
Because these plants occurred with a very low frequency, 
before accepting them as true recombinants we need to 
exclude the possibility that they might have arisen from 
seed contamination or mutation of one of the L genes in 

the F 1 hybrid. The morphology and flower colour of 
progeny of the susceptible plants were used to rule out 
seed contamination, but because of the lack of closely 
linked marker genes it was not possible to rule out muta- 
tion. In experiments designed to screen for spontaneous 
mutation of genes at the L group in flax, no confirmed 
mutants were observed among a total of 63,190 gametes 
coming from four different experiments involving eight 
different L genes, with a range of 4,478-9,701 gametes 
for each gene (Islam et al., in preparation). These data 
suggest then that most, it not all, of the susceptible plants 
detected in the present study had a recombinational 
rather than a mutational origin, and hereinafter they will 
be referred to as recombinants. However, some doubts 
must remain about their true origin since rare spontane- 
ous mutation to susceptibility has been observed at the 
Rpl locus of maize (Saxena and Hooker 1968; Pryor 
1986; Bennetzen et al. 1988) and the ml-o locus in barley 
(Jorgensen and Jensen 1979). 

Although most of the susceptible progeny detected 
had type 4 reaction, some showed intermediate reaction 
(types 3, 2 - 3  and even 2). The progeny of recombinants 
usually showed the same degree of susceptibility as the 
original plant, but there were some exceptions where the 
progeny showed either more or less susceptibility than 
the original recombinant. Such phenotypic differences 
between parents and progeny could result simply from 
the different temperatures prevailing at the time of test- 
ing, since the tests were not conducted in strictly con- 
trolled environments and it is well known that tempera- 
ture can affect the phenotype of certain gene-for-gene 
interactions between flax and its rust (Statler 1979; Islam 
et al., in preparation). On the other hand, this variation 
in susceptibility might have a genetic basis, since Bennet- 
zen et al. (1988) reported that susceptible plants resulting 
from Mutator-induced changes at the Rpl locus in maize 
segregated for intermediate levels of resistance in their 
progeny. Currently we are attempting to distinguish be- 
tween these two possible explanations. 

When progeny of the susceptible recombinants were 
screened for revertants, rare resistant plants were only 
recovered among the progeny of three heterozygotes, 
namely, LLT, LLx  and L2LIO (Table 3), and in each case 
they had only one of the parental specificities, viz., L7, 
Lx and LIO, respectively, although the number of rever- 
tants recovered was not large enough to exclude the 
possibility that the abscence of one parental specificity 
was due to chance. Thus, these results are similar to the 
earlier findings of Shepherd and Mayo (1972) with the 
L2LIO susceptible recombinants. 

In addition to the susceptible recombinants recov- 
ered, a feature of our results was the occurrence in some 
testcross populations of plants expressing a modified 
form of resistance (type On) different to that of either 
parent gene. Since these plants occurred with a similar 



545 

frequency to that of the susceptible recombinants, it was 
thought they may represent the cis products of recombi- 
nation as postulated earlier by Shepherd and Mayo 
(1972). This hypothesis has not yet been critically tested 
by searching for both parental L gene specificities among 
the progeny of plants with modified resistance. However, 
some recent observations indicate that some of these 
plants may carry a completely different specificity for 
rust resistance to that of either parent. For example, a 
progeny plant from the L3Lx heterozygote gave this 
modified On reaction with rust strain B when both par- 
ents gave type 0 reaction. The progeny of this plant gave 
the same On reaction with rust strain B but surprisingly 
a type 4 reaction to strain C, another rust of different 
provenance but with the same reaction type (0) on the 
parents as strain B (Islam, unpublished results). We be- 
lieve this observation is most significant because it could 
provide an explanation for the origin of new specificities 
at the L group and also it has implications for our under- 
standing of the structure of this complex locus. However, 
it does not negate the hypothesis that plants with a modi- 
fied type of resistance represent cis products of recombi- 
nations, since it is possible that the interaction leads to a 
new specificity. However, to prove this hypothesis it is 
necessary to demonstrate that both L3 and Lx specifici- 
ties can be recovered by rare recombination in the proge- 
ny of such plants, and these crucial tests have not yet 
been carried out. 

Some of our findings resemble the results obtained by 
Wise and Ellingboe (1985) while investigating the fine 
structure of the Ml-a locus in barley conferring resistance 
to powdery mildew. They also obtained only susceptible 
recombinants from four different pairs of Ml-a genes, 
and rare resistant revertants were recovered in the proge- 
ny of the Ml-alO/Ml-al susceptible recombinant. Also, 
the specificity of the reverants matched only one of the 
parents. However, their results showed some other un- 
usual features. In one cross (Ml-a6 • Ml-a13), a relatively 
high frequency of susceptible recombinants was observed 
(21 out of 8,112 F 3 families) when plants carrying Ml-a6 
were used as the female parent, but no recombinants 
occurred in the reciprocal cross. Moreover, they found 
that these recombinants were unstable and gave rever- 
tants with a resistant- or intermediate-type reaction in 
their progeny. They saw similarity in their results to hy- 
brid dysgenesis in Drosophila caused by the P factor 
transposable elements (Rubin et al. 1982), and they pos- 
tulated that the initial recombination in crosses between 
Ml-a6 and Ml-a13 may have been associated with a simi- 
lar transposition event. 

In the light of these findings with barley powdery 
mildew, it is of interest to consider whether transposable 
elements might account for some of the unusual results 
obtained in recombinational studies with L genes in flax. 
The occurrence of susceptible recombinants differing in 

their degree of susceptibility and of plants with modified 
type of resistance could be accounted for by the insertion 
of a transposon-like element into or near the L group, 
resulting in complete or partial loss of the gene product. 
Recovery of rare resistant plants expressing one of the 
parental specificities among the progeny of susceptible 
recombinants could then arise through excision of the 
transposable element. Whereas precise excision of the 
element would be expected to lead to normal function 
such as resistant revertants, imprecise excision could lead 
to partial or modified function such as plants with modi- 
fied resistance. Wise (1983) suggested a similar phenome- 
non to explain the susceptible recombinant obtained 
among progeny of the Ml-al x Ml-alO cross and the rare 
resistant revertants occurring among the progeny of that 
recombinant. 

Although we have much genetic data revealing the 
complex nature of host genes in flax conferring resistance 
to flax rust, further understanding of their precise struc- 
ture will depend on being able to clone and sequence 
these genes. Successful cloning of genes conferring avir- 
ulence has been accomplished (Staskawicz et al. 1984; 
Gabriel 1985), but prospect for using a similar approach 
to clone host genes conferring resistance to plant diseases 
are limited. However, use of transposable elements to 
inactivate the host resistance gene has been suggested as 
an alternative approach to identify the host gene product 
(Ellingboe 1985; Pryor 1986). Success has already been 
achieved in inactivating the Rp! gene in maize conferring 
resistance to its rust (Pryor 1986; Bennetzen et al. 1988). 
Depending on the availability of a suitable clone of the 
transposable element, this alternative approach offers 
much promise, inter alia, in flax. 

In summary, the existence of a transposable element 
could account for many of the puzzling features observed 
in the present and earlier studies (Shepherd and Mayo 
1972) of recombination between L genes in flax. Howev- 
er, without marker genes closely linked to the L group 
and information on the molecular basis of interactions 
between flax and its rust, it is difficult to obtain definitive 
evidence for or against the transposon hypothesis. 
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