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Summary 

Inheritance of resistance of five melon lines to two strains of Sphaerotheca fuliginea belonging to races 1 (Sfl) 
and 2 (Sf2) and to one strain of Erysiphe cichoracearum (Ec) have been studied. 'PMR 45' possesses one 
dominant gene controlling only Sfl. 'WMR 29' has one dominant gene for resistance to Sfl and another for Sf2 
and these genes seem to be linked. In line 'PMR 5% one dominant gene (or a group of three closely linked 
genes) is involved in the control of the three strains with one complementary gene for Sfl and another one for 
Ec. 'PI 124112' has one dominant gene or two closely linked loci controlling Sfl and Sf2 and two comple- 
mentary different genes controlling Ec. 'Nantais Oblong' has one dominant gene controlling only Ec. A no- 
menclature of the genes described is proposed. 

Introduction 

Powdery mildew is an important limiting factor of 
melon (Cucumis melo L.) production in all produc- 
ing countries and conditions (Sitterly, 1978). The 
disease can be provoked by two fungal species, 
Sphaerotheca fuliginea (Schlecht ex Fr.) Poll. and 
Erysiphe cichoracearum DC ex Merat, that produce 
identical symptoms. These fungi can be distinguish- 
ed by examination under the microscope of the co- 
nidia (fibrosin bodies (Zopf, 1887 in Ballantyne, 
1975) and germ tubes) or the perithecia (number of 
asci in the cleistothecia) (Hirata, 1942). Based on a 
survey made in 1987-1988 in France, S. fuliginea ap- 
pears more widespread during the summer in the 
open-air than E. cichoracearum which is generally 
found earlier in the growing season in greenhouses 
(Bertrand, 1991). 

Melon resistance to powdery mildew has been 
studied for a long time (Jagger & Scott, 1937) and 

many sources of resistance, usually from India, have 
been described. But literature on the genetics of the 
resistance remains somewhat confusing: (i) The 
identification of the fungus has not always been 
made very accurately and in some cases the two spe- 
cies have even been considered as synonymous 
(McCreight et al., 1987). For instance the cause of 
powdery mildew in California was considered to be 
E. cichoracearum by Paulus et al. (1967) andS. fuli- 
ginea by Paulus et al. (1968 and 1969). (ii) In trials, 
populations of powdery mildew have been used 
rather than pure monospore cultures. (iii) The ac- 
tion of the described genes on different strains of 
powdery mildew has not been studied and so the 
spectrum of action of the genes is not known. (iv) 
No allelism tests have been made between the dif- 
ferent genes. Nevertheless resistant eultivars have 
been selected in different melon types. 

Two races of S. fuliginea (races i and 2) and one 
race of E. cichoracearum have been observed in 
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France on melon. The recent development of effi- 
cient in vitro methods for isolation, cloning, preser- 
vation and multiplication of inoculum (Bertrand, 
1991) have permitted the screening of melon germ- 
plasm for mildew resistance. Five genotypes repre- 
sentative of different types of resistance observed 
in the collection have been used in this study: 'PMR 
45', 'WMR 29'. 'PMR 5', 'PI 124112' and 'Nantais 
oblong'. 'PMR 45' is resistant to S. fuliginea race 1 
only, 'WMR 29' is resistant to the two races of S. 
fuliginea, 'PMR 5' and 'PI 124112' are resistant to- 
wards the three strains and 'Nantais Oblong' is re- 
sistant to E. cichoracearum only. Their  resistances 
originate from India except for 'Nantais oblong' is- 
sued from an old French population of Charentais 
type. Previous studies have described the genetics 
of the resistance of these lines (except for cultivar 
'Nantais oblong') towards E. cichoracearum or S. 
fuliginea (e.g. Bohn & Whitaker, 1964; Harwood & 
Markarian, 1968a, b; McCreight et al., 1987). Until 
now, no genetic study of resistance to powdery mil- 
dew has included the two species together. So, the 
spectrum of action of the resistance genes in a mel- 
on line has not been studied. Allelism tests between 
the five studied varieties have never been made 
either. The objective of this paper is to study the 
genetics of resistance of these lines towards two S. 
fuliginea and one E. cichoracearum isolates. The re- 
lations between genes that control different strains 
in a plant or genes coming from different cultivars 
will be examined. 

Material and methods  

Crosses 

The F 1, F2 and backcross generations (BCs= Fix 
Susceptible parent and BCr = F Ix Resistant parent) 
from the crosses between each resistant line and the 
susceptible control 'V6drantais' were obtained. 
Two hundred plants of the F 2 progeny, 100 plants of 
each backcross and 30 plants of parental and F 1 gen- 
erations were tested with S. fuliginea races 1 and 2 
and E. cichoracearum race 1. For allelism tests, 200 
plants from the testcrosses (Resistant line #1x Re- 
sistant line #2)x  'V6drantais' were tested; crosses 

with 'Nantais Oblong' for allelism test are lacking. 
Some F 3 families were obtained by selling partic- 
ular F 2 plants from (Resistant line× V6drantais) 
crosses presenting a recombinating pattern (i.e. 
plants resistant to one strain and susceptible to an- 
other). Twenty plants per F 3 family were tested. 

Powdery mildew cultures 

Three monoconidial isolates of mildew from melon 
were used: $88-133 is a clone of S. fuliginea race 1 
isolated in Tunisia (Sfl). $87-7 a clone of S. fuliginea 
race 2 isolated in south eastern France (Sf2) and 
E87-3 a clone of E. cichoracearum isolated in south 
western France (Ec). The genus (Sphaerotheca or 
Erysiphe) was determined on conidia and perithe- 
cia examination. Sphaerotheca species produced 
conidia that contained fibrosin bodies and germi- 
nated laterally and cleistothecia that contained a 
single ascus with 8 ascospores while Erysiphe pro- 
duced conidia that contained no fibrosin bodies and 
germinated apically. No cleistothecia were observ- 
ed when Erysiphe isolates were crossed with testers 
belonging to S. fuliginea or E. cichoracearum. The 
distinction between race 1 and race 2 of S. fuliginea 
was based on the reaction of the melon cultivar 
'PMR 45' which is resistant to race i and susceptible 
to race 2. Inoculum was produced in axenic condi- 
tions on 'V6drantais' cotyledons in Petri dishes ac- 
cording to the method developed by Bertrand 
(1991). 

Plant culture and inoculation procedure 

All plants were grown in 8.5 cm pots in the green- 
house. At  the 2-3 leaf stage, disks (20 mm diameter) 
were cut from the two last expanded leaves and 
placed face upwards on moistened filter paper in 
clear polystyrene boxes. Each box was placed under 
a settling tower composed of a plastic tube ( lm  high 
and 25 cm of diameter) and a cover with a centered 
hole of 5 cm of diameter. Inoculation was perform- 
ed by blowing (with a Pasteur pipet), through the 
hole, the conidia present on the surface of one in- 
fected cotyledon, obtained in axenic conditions. 
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The  inocu lum,  abou t  100-500 conidia  per  cm 2, was 

un i formly  scat tered over  the leaf disks. Af te r  two 

minu tes  of sed imenta t ion ,  the box was r emoved  

f rom the tower. Twenty ml  of a so lu t ion  of benz imi-  

dazole (30g.ml -~) and  m a n n i t o l  (10g.F 1) was added  

in each box to preserve disks f rom senescence and  

osmotic  pressure  stress (Ber t rand ,  1991). Boxes 

were incuba ted  in growth chambers  at 24°C for 12 

hours  of light and  18 ° C for 12 hours  of dark. 

Disease rating 

Afte r  ten  days, sporu la t ion  was recorded  on  a scale 

of 0 (= no  sporula t ion)  to 9 (-- ent i re  disk covered 

with heavy sporulat ion) .  The  score a t t r ibu ted  to a 

p lant  is the max ima  of the rat ings recorded on  the 

two leaves. The  plants  were grouped  in  three  cate- 

gories for )~2 analysis, based on  disease ratings: Re-  

sistant (scores 0 and  1), I n t e rmed ia t e  (scores 3 and 

5) and  Susceptible  (scores 7 and  9). 

Results 

1. Inheritance o f  resistance to the three strains o f  
mildew 

- Race 1 ofS.  ful iginea (Sfl) (Table 1) 

The  data  p roduced  evidence  for a d o m i n a n t  mono-  

genic control  in ' P M R  45', ' W M R  29' and  'PI  

124112' as all the plants  in the F1 and  BCr  were re- 

Table 1. Segregation for resistance to powdery mildew caused by Sphaerotheca fuliginea race 1 from (Resistant x V6drantais) crosses 

Differential parent or cross Observed number 

Res a Int a Sus a 

Tested 7~ 2 
segregation 
ratio Value Proba 

PMR 45 30 
WMR 29 30 
PMR 5 30 
PI 124112 30 
Vddrantais 0 

PMR 45 x V6drantais 
F 1 30 
F 2 145 
BCs 61 
BCr 100 

WMR 29 x V6drantais 
F l 30 
F 2 156 
BCs 55 
BCr 100 

PMR 5 × V6drantais 
F1 30 
F 2 109 
BCs 32 
BCr 100 

PI 124112x V6drantais 
F 1 30 
V 2 140 
BCs 58 
BCr 100 

0 
0 
0 
0 

30 

0 
55 
39 
0 

0 
39 
45 
0 

: 0: 0 
: 71 : 20 
: 43 : 25 
: 0: 0 

: 0 
: 60 3:1 
: 42 1:1 
: 0 

3:1 0.67 41% 
1:1 4.84 5% 

3:1 2.60 11% 
1:1 1.00 32% 

9:6:1 4.82 9% 
1:2:1 2.94 23% 

2.67 10% 
2.56 11% 

aRes= Resistant, Int= Intermediate, Sus= Susceptible. 
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sistant and the observed segregations fitted well 
with a 3:1 resistant to susceptible ratio in the 172 and a 
1:1 ratio in the BCs. The disjunctions observed in 
'PMR 5' correspond to a dominant digenic control 
with all the F 1 plants resistant, ratios of 9 resistant: 6 
intermediate: 1 susceptible in F2, 1:2:1 in the BCs 
and all the plants resistant in the BCr. 

the two lines. The high proportions of susceptible 
and intermediate plants in the BCs can be attribut- 
ed to partial dominance and caused high ~2 values. 

As opposed to these lines, 'Nantais Oblong' pre- 
sents a monogenic dominant resistance toward E. 
cichoracearum (ratios of 3:1 resistant to susceptible 
in F2 and 1:1 in BCs). 

- Race 2 o f  S. fuliginea (Sf2) (Table 2) 
From the F 1 results, we can conclude that resistance 
to this strain is highly dominant in 'WMR 29', 'PMR 
5' and 'PI 124112'. 

Segregations of 3:1 resistant to susceptible in F 2 
and 1:1 in BCs support a monogenic dominant con- 
t rol in the three lines. 

- E. cichoracearum (Ec) (Table 3) 
Considering the F 1 ratings, 'PMR 5' and 'P1124112' 
possess partially dominant resistance. The three re- 
sistance classes were represented among plants of 
the F 2 and BCs generations and the fit to a digenic 
partially dominant segregation was satisfactory for 

2. Relations between genes controlling resistance to 
the three strains in a single line 

Two-way contingency tables of all segregation types 
present in (Resistant parentx 'V6drantais') proge- 
nies are presented by pairs of strains ( F  2 progenies 
in Table 4 and BCs progenies in Table 5). 

? 

- ' W M R  29'x  'VOdrantais' cross 
The respective distributions for Sfl and Sf2 are not 
independent. Plants showing resistance to one race 
and susceptibility to the other race are in too low 
numbers (Tables 4.a and 5.a), Genetic distances can 

Table 2. Segregation for resistance to powdery mildew caused by Sphaerotheca fuliginea race 2 from (Resistantx V6drantais) crosses 

Differential parent or cross Observed number 

Res a : Sus a 

Tested g2 

segregation 

ratio Value Proba 

WMR 29 30 

PMR 5 30 

PI 124112 30 

Vddrantais 0 

WMR 29 x V6drantais 

F l 30 
F 2 146 

BCs 48 

BCr 100 

PMR 5x Vddrantais 

F I 30 

F 2 149 
BCs 54 

BCr 100 

PI 124112x V6drantais 

F I 30 

F 2 155 
BCs 54 
BCr 100 

0 

0 

0 

30 

0 

39 

52 

0 

0 

51 

46 

0 

0 
45 

46 

0 

3:1 1.52 22% 

1:1 0.16 69% 

3:1 0.03 87% 

1:1 0.64 42% 

3:1 0.67 41% 

1:1 0.64 42% 

a Res = Resistant, Sus= Susceptible. 
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be estimated at 22+ 3cM (value+ standard error) 
from F 2 progeny and 25+ 4cM from BCs progeny 
according to the maximum l ikel ihood method  (A1- 
lard, 1956). F 3 families were grown from F z plants 
showing either resistance to St] and susceptibility to 
Sf2 or the reverse. A m o n g  them, we  have observed 
F 3 families with resistance to S. fuliginea race i and 
susceptibility to race 2 but no  families with suscepti- 
bility to race 1 and resistance to race 2. 

- 'PM R 5 ' x  'VOdrantais' cross 
No distributions between two strains show inde- 
pendence under the genetic assumptions (all ~2 
probabilities are inferior to 0.01%). Very few plants 
showing resistance to one race and susceptibility to 
the other race have been observed (Tables 4.b and 
5.b). F 3 families were obtained from these few F 2 

plants. Among all F 3 families tested, we found no 
families with resistance to S. fuliginea race 2 and 
susceptibility to S. fuliginea race 1 or to E. cichora- 
cearum. But F 3 families resistant to Sfl and suscep- 
tible to Sf2 or Ec have been observed. 

- 'P1124112'x 'VOdrantais' cross 
Plants resistant to one strain and susceptible to an- 
other are in too low numbers (Tables 4.c and 5.c) in 
the two generations. The distribution of F 3 families 
issued from these particular F 2 plants shows that 
there are no family with resistance to one race of S. 
fuliginea and susceptibility to the other of S. fuligi- 

nea. But we observe F 3 families with resistance 
(resp. susceptibility) to one of the S. fuliginea races 
and susceptibility (resp. resistance) to E. cichora- 
cearum. 

3. Allel ism relationships between genes o f  different 
resistant lines (Table 6) 

The existence of susceptible plants in significant 
proport ion in the testcross progenies indicates that 
different loci are concerned. Only in few crosses 
(between 'PI 124112' and 'PMR 5' for Sfl and Sf2 
and between 'PMR 45' and 'WMR 29' for Sfl) no 
susceptible plants have been observed. This may be 

Table 3. Segregation for resistance to powdery mildew caused by Erysiphe cichoracearum from (Resistant  x V6drantais) crosses 

Differential  parent  or cross Observed number  

Res a Int  a Sus a 

Tested Z 2 

expected 

ratio Value Proba 

Nantais Oblong 30 

PMR 5 30 

PI 124112 30 

V6drantais 0 

Nantais Oblongx  V6drantais 

F I 30 

F 2 150 

BCs 48 

BCr 100 

PMR 5 x V6drantais 

F, 16 

F z 105 

BCs 20 

BCr 100 

PI 124112x Vddrantais 

F~ 22 

F z 115 

BCs 26 

BCr 100 

30 

: 14: 

: 80 : 

32 : 

0:  

: 0 

: 49 3:1 0.02 90% 

: 52 1:1 0.16 69% 

: 0 

0 

15 9:6:1 1.33 51% 

48 1:2:1 28.60 <0.01% 

0 

4 :  0 

75 : 10 9:6:1 0.55 76% 

60 : 14 1:2:1 6.88 3% 

0:  0 

a Res = Resistant,  Int = Intermediate,  Sus = Susceptible. 
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explained by a common locus for the corresponding 
resistance genes. 

In the cross between 'PI 124112' and 'WMR 29' 
there are less susceptible plants than expected after 
inoculation with Sfl and Sf2. This may indicate a 
linkage between the resistance genes. 

Discussion 

Resistance of 'PMR 45' to S. fuIiginea race 1 is gov- 
erned by one dominant gene that we call Pm-A. 
'PMR 45' was first described as resistant to E. cich- 
oracearum by one dominant gene (Jagger et al., 
1938). 'PMR 45' has always been found susceptible 
to strains of E. cichoracearum isolated in France 
(Bertrand, 1991). A first explanation of the differ- 

Table 4. Contingency tables of (Resistantx V6drantais) crosses representing the types of response of plants for each pair of races. Plain 
figures represent the observed data of 172 population and figures in brackets the theoretical distribution for a total number of plants of 200. 
The Z 2 values of independency (with corresponding degrees of freedom, dr, in brackets) are given for each table 

4.a. WMR 29x V6drantais 

Sf2" 

Sfl a 

R b S b 

R 131 (112.5) 12 (37.5) 

S 25 (37.5) 27 (12.5) 

x 2 (dO 42(3) 

4.b. PMR 5 x V6drantais 

Sfl Sfl Sf2 

R I S R I S R S 

R 104(84.5) 20(56) 0(9.5) R 88(63) 17 (42) 0(7) R 100(84.5) 5 (28) 
Sf2 Ec" I 21 (42) 47 (28) 12 (5) Ec I 24(56) 56 (19) 

S 5 (28) 51 (19) 20(3) S 0 (7) 7 (5) 8 (1) S 0 (9.5) 15 (3) 

zZ(df) 174 (5) 141 (8) 169 (5) 

4.c. PI 124112x V6drantais 

Sfl Sfl Sf2 

R S R S 

R 136 (112.5) 19 (37.5) R 105 (84.5) 13 (28) R 
Sf2 Ee I 35 (56) 40 (19) Ec I 

S 4 (37.5) 41 (12.5) S 3 (9.5) 7 (3) S 

R S 

107(84.5) 8 (28) 
45 (56) 30 (19) 
3 (9.5) 7 (3) 

z2(df) 109 (3) 53 (5) 39 (5) 

"Sfl= S. fuliginea race 1, Sf2= S. fuliginea race 2, Ec= E. cichoracearum 
hR= Resistant, I= Intermediate and S = Susceptible 
All ~2 probabilities are significant at 0.01%. 
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ences may  be that Amer ican  strains of E. cichora- 
cearum do not belong to the same pathotype  as the 
French ones. A second hypothesis would be that the 
fungus responsible for powdery mildew was mis- 
identified as E. cichoracearum and was in fact S. fu- 
liginea. In this case the gene symbolized Pro-1 by 

Jagger et al. (1938) would be identical to Pm-A. 
Resistance of line ' W M R  29' to S. fuliginea race 1 

is a monogenic  dominant  character and appears  to 

be closely linked or identical to Pm-A in ' P M R  45' 
(Table 6). We can hypothesize that the Pm-A gene is 
controlling S. fuliginea race 1 in ' W M R  29'. Resist- 
ance to S. fuliginea race 2 is also controlled by one 
dominant  gene (Pm-B). So, resistance to S. fuligi- 
nea race 2 appears  to be controlled by one dominant  

gene with no action on race 1 but linked with Pm-A 
locus (distance 22+ 3 cM estimated on the F 2 proge- 
ny and 25+ 4cM on the BCs progeny). 

Table 5. Contingency tables of (Resistant x V6drantais) crosses representing the types of response of plants for each pair of races. Plain 
figures represent the observed data of BCs population and figures in brackets the theoretical distributions for a total number of plants of 
100. The %2 values of independency (with corresponding degrees of freedom, dr. in brackets) are given for each table 

5.a. WMR 29x V6drantais 

Sf2" 

Sfl a 

R b S b 

R 39 (25) 9 (25) 

S 16 (25) 36 (25) 

%2 (df) 26 (3) 

5.b. PMR 5 x Vddrantais 

Sfl 

R I S 

R 32 (12.5) 18 (25) 4 (12.5) 
Sf2 

S 0 (12.5) 25 (25) 21 (12.5) 

%z (df) 56 (5) 

Ec a 

Sfl Sf2 

R I S R S 

R 13 (6.25) 6(12.5) 1 (6.25) R 20(12.5) 0(12.5) 
I 17(12.5) 12(25) 3 (12.5) Ec I 30(25) 2(25) 
S 2(6.25) 25 (12.5) 21 (6.25) S 4(12.5) 44(12.5) 

Sl (8) 124(5) 

5.c. PI 124112x V6drantais 

Sf2 

Sfl Sfl Sf2 

R S 

R 54(25) 0(25) 

S 4(25) 42(25) 

%z (df) 88 (3) 

Ec 

R S R S 

R 
I 
S 

24 (6.25) 2 (12.5) R 22 (12.5) 
28 (25) 32 (25) Ec I 28 (25) 
6 (12.5) 8 (12.5) S 4 (12.5) 

27 (5) 22 (5) 

4 (12.5) 
32 (25) 
10 (12.5) 

~Sfl= S. fuliginea race 1, Sf2= S. fuliginea race 2, Ec= E. cichoracearum 
bR= Resistant, I= Intermediate and S= Susceptible 
All %2 probabilities are significant at 0.01%. 
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This result is not in total agreement  with the be- 
haviour of F 3 families as we have not found families 
with susceptibility to race I and resistance to race 2. 

May be not enough F 3 families have been observed? 
This must be verified. 

Resistance of ' P M R  5' to S. fuliginea race i is con- 
ferred by the simultaneous presence of two dom- 
inant and independent  genes, resistance to S. fuligi- 
nea race 2 by one dominant  gene and resistance to 
E. cichoracearum by two partially dominant  genes. 
The very low number  of plants resistant to one 
strain and susceptible to the other and the beha-  
viour of the F 3 families observed support  the hy- 
pothesis that at least one gene (or a group of three 

closely linked genes) has an effect on the three 
strains. We propose that the gene controlling Sf2 in 
' P M R  5' (Pm-C) is involved in the control of Sfl 
(with Prn-D) and Ec (with Pro-E). 

Bohn & Whitaker  (1964) and Harwood  & Mar- 
karian (1968b) stated that resistance of ' P M R  5' to 
E. cichoracearum race 2 was controlled by one 
dominant  gene (symbol Pro-2) with modifiers or in- 
teraction with Pro-1. As in the case of ' P M R  45' it is 
possible that E. cichoracearum was misidentified 
and that  in fact S. fuliginea race 2 was used by both 
authors. If  this hypothesis is right, the locus in- 

volved in the common control of S. fuliginea races 1 
and 2 and E. cichoracearum may be Pro-2 (Pm-C). 

Allelism tests with S. fuliginea race 1 show that 
' P M R  5' and ' P M R  45' (or ' W M R  29') resistances 

are controlled by distinct loci. So we can assume 
that ' P M R  5' does not include Prn-A in its genome. 
As compared  to the literature, this appears  surpris- 
ing and must be verified by allelism tests between 

' P M R  45' and F 3 families (from F 2 plants 'V6dran- 
tais '× ' P M R  5') with resistance to S. fuliginea race 1 
and susceptibility to S. fuliginea race 2 and to E. 
cichoracearum. 

Inheritance of resistance of'P1124112' to S. fuligi- 
nea races 1 and 2 was studied by Kenigsbuch & Co- 
hen (1992). They found that two genes, the dom- 
inant gene Pm-5 and the partially dominant  gene 
Pm-4 confer resistance to races i and 2 respectively. 

We found that resistance of'P1125112' to S. fuligi- 
nea race 1 is controlled by one dominant  gene and to 
race 2 also by one dominant  gene. Very few plants 
susceptible to race i and resistant to race 2 or the 
opposite have been observed. No F 3 families (issued 
f rom the F 2 'P1124112' x 'V6drantais '  cross) show re- 
sistance to one race of S. fuliginea and susceptibility 
to the other. So we conclude that one major  gene or 

Table 6. Allelism tests between resistant lines for the three strains. Number of susceptible versus resistant plants in each cross are given 
and deviation to the independence hypothesis (expected ratio) is calculated (Z 2 and associated probability) 

Sfl Sf2 Ec 

Number Ratio Z 2 (P) Number Ratio ~2 (p) 
observed expected observed expected 

Number Ratio Z z (P) 
observed expected 

(PMR 45x WMR 29)x V6drantais 0:200 1:3 - 

(PMR 45x PMR 5)x Vddrantais 15:185 1:7 4.57 
(3.3%) 

(PI 124112x PMR 45)x V6drantais 52:148 1:3 0.11 
(74%) 

(PMR 5 x WMR 29) x V6drantais 34:166 1:7 3.70 
(5.4%) 

(PI 124112x WMR 29)x V6drantais 36:164 1:3 5.22 
(2.2%) 

(PI 124112x PMR 5)× V6drantais 0:200 1:7 - 

60:140 1:3 

27:173 1:3 

0:200 1:3 

2.67 
(10%) 

14.1 
(0.02%) 

- 19:181 1:7 1.65 
(20%) 



two closely linked genes may control resistance to 
both S. fuliginea races 1 and 2. 

Resistance to E. cichoracearum is controlled by 
two partially dominant genes. There are some 
plants resistant to S. fuliginea and susceptible to E. 
cichoracearum and the opposite. The independence 
of the genetic controls towards S. fuliginea and E. 
cichoracearum in 'PI 124112' is supported by two 
facts: 
- the presence of F 3 families with resistance (resp. 

susceptibility) to S. fuliginea races and suscepti- 
bility (resp. resistance) to E. cichoracearum, 

- 'Edisto 47' (which has 'P1124112' as a genitor) is 
resistant to S. fuliginea races 1 and 2 and suscep- 
tible to E. cichoracearum (Bertrand & Pitrat, 
1989). 

Moreover,  the low number of plants resistant to 
S. fuliginea and susceptible to E. cichoracearum and 
the opposite (Table 4.c) indicates a linkage between 
the two genetic controls. Genetic distances from F 2 

values are 14_+ 4cM between genes controlling re- 
sistance to S. fuliginea race 1 and E. cichoracearum 
and 12.8_+ 3.5cM between S. fuliginea race 2 and E. 
cichoracearum and from BCs are 20+ 5.6cM for 
both S. fuliginea race 1 or race 2 and E. cichoracea- 
rum. The estimated values of the distances between 
the genes involved in the control of S. fuliginea races 
and E. cichoracearum are very similar and this con- 
firms the hypothesis of a common control for S. fuli- 
ginea race 1 and race 2. 

The resistance gene of 'PI 124112' to S. fuliginea 
race 1 is different from Pm-A in 'PMR 45' and 
'WMR 29'. It is also different from the gene which 
controls S. fuliginea race 2 resistance in 'WMR 29' 
but the two genes appear to be linked (27cM) as 
there are less susceptible plants than expected. On 
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the opposite, there are no susceptible plants in the 
testcross of 'P1124112' by 'PMR 5' with S. fuliginea 
races 1 and 2. One common locus in the two lines 
seems to be involved in the control of each race. 
Conversely the genetic control of E. cichoracearum 
resistance seems to be different in 'PI 124112' and 
'PMR 5'. An hypothesis could be that 'PMR 5' has 
the allele Pm-C (= Pm-2?) which is involved in the 
control of the three strains while 'P1124112' possess- 
es the allele Pm-C which controls only S. fuliginea 
races I and 2 but not E. cichoracearum. The two 
genes of 'PI 124112' controlling E. cichoracearum 
are called Pm-F and Pm-G. 

'Nantais Oblong' whose origin is different from 
the other lines presents a monogenic dominant re- 
sistance to E. cichoracearum but a complete suscep- 
tibility to S. fuliginea. The allelism relationships 
with the loci previously described have not been 
studied. The loci involved are probably different 
since the genetic control of 'PMR 5' or 'PI 124112' 
resistance to E. cichoracearum is digenic and that of 
'Nantais Oblong' monogenic.  We proposed the 
name Pm-H for this locus. 

The loci described are summed up in Table 7. We 
assume that a common locus controls the three 
races in 'PMR 5' and both S. fuliginea in 'P1124112' 
(locus named Pm-C). However,  the hypothesis of 
two or three loci closely linked is not rejected. In- 
deed more F 3 families need to be observed. 

From the results of the testcross ( 'PI 124112'x 
'WMR 29')x 'V6drantais', linkage between Pm-B 
and Pm-C is probable (27 cM but  the standard error 
is not available). But the segregation of the test- 
cross ( 'PMR 5' x 'WMR 29') x 'Vddrantais' implies 
that Pm-B and Pm-C are independent.  These oppo- 
site results can be attributed either to the lack of 

Table 7. Hypothesis for the genetic control of resistance to powdery mildew in five melon lines 

Line Sfl S f2 Ec 

PMR 45 P m - A  

WMR 29 Pm-A Pm-B  

PMR 5 Pm-D and Pm-C 1 P m - C  

PI 124112 Pm-C e Pm-C 2 

Nantais Oblong 

Pm-C s and P m - E  

P m - F  and Pm-G 

P m - H  

with P m - A  = Pm-l?,  Pm-C in 'PMR 5'= Pm-2?. 
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precis ion of  the aUelism test  (possible infect ion es- 

capes or  size of  the  sample  not  sufficient) e i ther  to  the 

absence  of  s tandard  e r ror  for  the  dis tance est imation.  

These  resul ts  p o i n t  out  the  fact  tha t  res i s tance  

genes  t owards  p o w d e r y  mi ldew have  d i f fe ren t  

ranges  of  act ion.  S o m e  genes  a p p e a r  to  be  specif ic  

of  the  p a t h o g e n  species:  for  ins tance  Pm-A in ' P M R  

45'  and  ' W M R  29'  or  Pm-B in ' W M R  29'  con t ro l  

res i s tance  to  one  race  of  S. fuliginea and  the  al le le  in 

'Nan ta i s  O b l o n g '  con t ro l s  only  E. cichoracearum. 
O n  the o p p o s i t e  a l le le  Pm-C l in ' P M R - 5 '  con t ro l s  

pa r t i a l  or  c o m p l e t e  res is tance  to S. fuliginea races  1 

and  2 and  to E. cichoracearum. 
A n o t h e r  po in t  is to  be  emphas ized :  we have  no t  

ye t  i so la ted  F 3 lines f rom ' W M R  29', ' P M R  5' or  'PI  

124112' which exhibi t  res is tance to S. fuliginea race  2 

and suscept ibi l i ty  to race  1. Similar ly  we have  not  ob-  

served  on a col lect ion of  m o r e  than  400 m e l o n  lines 

such a behav iou r  (Be r t r and  & Pitrat ,  1989). In  'P I  

124111', res is tance to S. fuliginea race  1 is unde r  con- 

t rol  of  the  gene Pro-3 ( H a r w o o d  & Marka r i an ,  

1968b) and res is tance to S. fuliginea race  2 under  con- 

t rol  of  the  i n d e p e n d e n t  gene Pro-6 (Kenigsbuch  & 

Cohen,  1989). In  this case it would  be  poss ible  to ob-  

tain F 3 famil ies  with suscept ibi l i ty  to  race  1 and  resist-  

ance to race  2, bu t  this has no t  ye t  been  publ ished.  

The  con t rad ic to ry  results  ob t a ined  for  example  by  

Kenigsbuch  & Cohen  (1992) concern ing  var ie ty  'PI  

124112' are  cer ta in ly  due  to the  p a t h o t y p e  used  in 

bo th  analysis. Race  2 is def ined  by  its abi l i ty  to over-  

come Pm-1 (= Pm-A?)  gene in ' P M R  45'  m e l o n  line. 

But  s t rains  ab le  to grow and mul t ip ly  on ' P M R  45'  

m a y  be long  to di f ferent  pa tho types  which will be  

shown by lines with o the r  genes of  resistance.  A n y -  

way, to have  a m o r e  comple t e  and prec ise  tab le  of  the  

res is tance genes and  p o w d e r y  mi ldew races,  l ines 

with only one  resis tance gene  mus t  be  used  i.e. F3-F  4 

lines f rom crosses be tween  a res is tant  and  a suscep- 

t ible l ine ins tead  of  var ie t ies  ' P M R  5', 'P I  124111' or  

'P I  124112' which appa ren t ly  possess  severa l  genes.  
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