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Genetic Basis of the Epidemiologic Effects of Resistance to 
Meloidogyne incognita in the Tomato Cultivar Small Fry 1 

S. C. BOST AND A.  C. TRIANTAPHYLLOU 2 

Abstract: The genetic nature of resistance and its epidemiologic effects or* two Meloidogyne 
incognita populations were assessed in the F 1 hybrid tomato cv. Small Fry. The progeny of a 
Small Fry × Small Fry cross segregated in a 3:1 resistant:susceptible ratio, indicating the 
presence of a single, completely dominant resistance gene (LMiR2) in Small Fry. In a subsequent 
experiment, infection frequency and the rate of development of primary infection on resistant 
Small Fry × Small Fry segregates were compared to those on susceptible segregates and the 
susceptible cnltivar Rntgers. Suppression in both infection frequency and rate of development 
of primary infection was entirely attributable to gene LMiR.,. A single egg-mass population of 
M. incognita propagated for 12 generations on Small Fry showed an increased ability over the 
wild type population to parasitize plants containing the LMiR,, gene but failed to completely 
overcome resistance. The relationship of this phenomenon to the genetics of the Lycopersicon 
esculentum-M, ineognita interaction is discussed. Key words: infection frequency, primary infec- 
tion, selection, rate of development. Journal of Nematohtgy 14(4):540-544. 1982. 

R e s i s t a n c e  to  Meloidogyne incognita 
( K o f o i d  a n d  W h i t e )  C h i t w o o d  in  t h e  hy-  
b r i d  t o m a t o  (Lycopersicon esculentum 
Mil l . )  cv. S m a l l  F r y  is c o n f e r r e d  by  a s ing le ,  
d o m i n a n t  g e n e  in  a h e t e r o z y g o u s  s ta te  (J. C.  
W a t t e r s o n ,  p l a n t  b r e e d e r ,  P e t o s e e d  Co. ,  
Inc . ,  p e r s o n a l  c o m m u n i c a t i o n ) .  T h i s  g e n e  
was c o n s i d e r e d  to be  t h e  M i  g e n e  t h a t  con-  
fers r e s i s t ance  t o  m a n y  o t h e r  r e s i s t a n t  to- 
m a t o  c u l t i v a r s  i n c l u d i n g  N e m a t e x .  H o w -  
ever ,  g e n e t i c  s tud ies  by  S i d h u  a n d  W e b s t e r  
(10,11) h a v e  i n d i c a t e d  t h a t  t h e  r e s i s t ance  
g e n e  in  S m a l l  F r y  is d i f f e r e n t  f r o m  the  M i  
g e n e  of  N e m a t e x ,  a n d  t h a t  t h e  t w o  genes  
a r e  c lose ly  l i n k e d .  T h e s e  i n v e s t i g a t o r s  p ro-  
p o s e d  t h e  d e s i g n a t i o n  L M i R 2  for  t he  re- 
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s i s tance  g e n e  o f  S m a l l  F r y  a n d  r e d e s i g n a t e d  
the  M i  g e n e  o f  N e m a t e x  as L M i R 1 .  

N e m a t o d e  v a r i a n t s  c a p a b l e  o f  pa ras i t i z -  
i n g  r e s i s t a n t  t o m a t o  c u l t i v a r s  o c c a s i o n a l l y  
o c c u r  (2,7,9,13). C o n t i n u e d  c u l t u r e  o f  re-  
s i s t an t  c u l t i v a r s  m a y  r e s u l t  i n  i n c r e a s e d  
c o m p a t i b i l i t y  by M. incognita p o p u l a t i o n s .  
A s ing le  egg-mass  p o p u l a t i o n  of  M. incog- 
nita p r o p a g a t e d  fo r  12 g e n e r a t i o n s  o n  S m a l l  
F r y  s h o w e d  i n c r e a s e d  c o m p a t i b i l i t y  w i t h  
th is  c u l t i v a r  (2). H o w e v e r ,  i n f e c t i o n  fre- 
q u e n c y  ( the  p r o p o r t i o n  o f  j u v e n i l e s  t h a t  
e s t a b l i s h  i n f e c t i o n )  a n d  egg  p r o d u c t i o n  
w e r e  s i g n i f i c a n t l y  l o w e r  d u r i n g  p r i m a r y  in- 
f e c t i on  o n  S m a l l  F r y  t h a n  o n  cv. R u t g e r s .  
I t  was u n k n o w n  w h e t h e r  t he  s u p p r e s s i o n  o f  
b o t h  o f  these  p a r a m e t e r s  was  a t t r i b u t a b l e  
to t h e  L M i R ~  gene ,  o r  w h e t h e r  h o r i z o n t a l  
r e s i s t ance  was  i n v o l v e d .  

I n  t h e  p r e s e n t  s tudy ,  t h e  r e a c t i o n s  o f  
r e s i s t a n t  a n d  s u s c e p t i b l e  S m a l l  F r a y  × 
S m a l l  F r y  (SF × SF) p r o g e n y  i n o c u l a t e d  
w i t h  e i t h e r  a w i l d  t y p e  o r  a r e s i s t ance -  
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overcoming popula t ion of M. incognita 
were analyzed. T h e  objectives were (i) to 
identify the effects of the LMiR2 gene in 
Small Fry on M. incognita infection and 
rate of development,  (ii) to assess the rela- 
tive level of horizontal resistance to M. 
incognita in this cultivar, and (iii) to deter- 
mine whether a M. incognita populat ion 
propagated [or 12 generations on Small 
Fry has adaped to components of the Small 
Fry genome other than the LMiR2 gene. 

MATERIALS AND M E T H O D S  

A preliminary test to ascertain heterozy- 
gosity at the LMiR2 locus in Small Fry was 
conducted. Flowers on three Small Fry 
plants were emasculated upon opening, 
self-pollinated, and protected with a gelatin 
capsule. Seeds obtained from self-pollinated 
fruit  (SF × SF) were planted in 5-cm-d 
clay pots containing a 2:1 mixture  of steam- 
sterilized sandy loam and washed river sand. 
At the four true-leaf stage, each seedling 
was transferred to a 10-cm-d clay pot con- 
taining a similar soil mixture  and inocu- 
lated with a suspension of 3,000 eggs of M. 
incognita (culture 108 of the Internat ional  
Meloidogyne Project). After 37 days, the 
roots were gently washed free of soil, im- 
mersed for 10 rain in Phloxine B (0.15 
gm/l i ter  tap water), and examined for the 
presence of galls and egg masses. 

T h e  SF × SF progeny segregated in a 
3:1 resistant:susceptible ratio as expected 
for a single, dominant  gene in the heter- 
ozygous state. Such a segregation allowed 
an investigation of the epidemiologic ef- 
fects of resistance in Small Fry. Addit ional  
SF × SF progeny were inoculated as de- 
scribed above with 400 juveniles each of 
either culture 108, which lacks the ability 
to parasitize Small Fry, or culture 108SF12, 
which has developed this ability dur ing 12 
generations of serial transfer on Small Fry. 
Culture 108SF12 originated from a single 
female that developed on a Small Fry plant 
inoculated with culture 108. Eight plants 
each of Small Fry and the susceptible cv. 
Rutgers were also included in the study. 
Fifty SF × SF plants were inoculated with 
each of the two nematode cultures to assure 
the inclusion of at least eight susceptible 
segregates in each case. T h e  pots were ar- 
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ranged in a completely randomized design 
in a 23-28 C greenhouse. After 37 days 
from inoculation, roots were washed and 
treated with Phloxine B. T h e  period of 37 
days was chosen on the basis of 18,000 
degree-h accumulation which had been de- 
termined to be sufficient for maximum egg 
product ion on Rutgers. 

Eight plants of each combinat ion of 
plant type (Rutgers, Small Fry, resistant 
segregates, or susceptible segregates) and 
culture (108 or 108SF12) were assayed for 
total number  of egg masses per plant  and 
average number  of eggs per egg mass. T h e  
latter value was obtained for each plant  by 
randomly removing 40 egg masses and the 
associated galls, placing them in 25 ml of 
0.5% NaOC1 together with a 2.8-cm mag- 
net, and stirring for 5 min with a magnetic 
stirrer at 350 rpm. T h e  suspension was then 
diluted to 150 ml, and the total number  of 
eggs and the average number  of eggs per 
egg mass were calculated based on counts 
made in three 1-ml aliquots. Among the 
SF × SF progeny inoculated with culture 
108SF12, resistant and susceptible segregates 
were distinguishable by the presence of in- 
fection by second-generation juveniles (sec- 
ondary infection) on the roots of the 
susceptible segregates. 

T h e  index of parasitism (IP) was used 
to compare the two nematode populations. 
T h e  IP is the number  of egg masses found 
on a test host expressed as a percentage of 
those found on the susceptible cv. Rutgers. 
T h e  purpose of the IP is to compensate for 
any juvenile viability differences that may 
arise during preparat ion of the inocula. 
Any preinoculat ion conditions which sup- 
press juvenile infectivity on a standard 
susceptible cultivar should suppress infec- 
tivity on other  cultivars proportionately.  
Thus,  the IP is not  affected by such condi- 
tions. 

Index of parasitism estimates were ob- 
tained only for pr imary infection, so that  
the effects of infection frequency could be 
distinguished from other  epidemiologic ef- 
fects of resistance (8). T h e  latter include 
such epidemiologic parameters as latent  
period (the period between infection to 
onset of egg production),  rate of egg pro- 
duction, and infectious period (the repro- 
ductive period) (14,15,16). T h e  first two of 
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these parameters  are collectively es t imated 
in this s tudy by a single va lue-- the  average 
n u m b e r  of  eggs per  egg mass fol lowing 
18,000 degree-h of deve lopment .  

R E S U L T S  A N D  D I S C U S S I O N  

In  the p re l imina ry  test, the SF × SF 
progeny  segregated in a resis tant :susceptible 
rat io of  85:29, closely fitt ing a 3:1 ra t io  
(X2=0.0117).  Such a ra t io  indicates a single 
gene for resistance in a heterozygous state. 
T h e  susceptible segregates were heavily 
galled and  con ta ined  m a n y  egg masses, 
whereas none  of the resistant  segregates 
con ta ined  more  than  two egg masses. T h e  
lack of  a difference in degree of  resistance 
between the homozygous  a nd  heterozygous 
resistant  segregates indicates tha t  LMiR2 
is complete ly  dominan t .  

I n  the subsequent  par t  of  the study, 
plants  con ta in ing  LMiR2 (Small Fry and  
resistant SF × SF segregates) inocu la ted  
with cul ture  108 developed very few egg 
masses (Table  1). Plants  con ta in ing  LMiR2 
inocula ted  wi th  cul ture  108SF12 developed 
fewer egg masses than  did plants  lacking 
LMiR2 (Table  1). T h e r e  were fewer eggs 
per egg mass on plants  wi th  LMiR2 gene 
than  on susceptible SF × SF segregates 
(Table  2). N u m b e r s  of  egg masses and eggs 
per egg mass p roduced  on  Small Fry and  
resistant segregates did no t  differ, support-  

ing the conclus ion of comple te  d o m i n a n c e  
of  tile LMiR2 allele. 

I t  is assumed that  the resistant  and  
susceptible SF × SF segregates, considered 
as groups,  differ on ly  at the LMiR2  locus. 
As an Fi hybrid ,  Small Fry const i tutes  an 
essentially homogeneous  group.  W i t h  the 
except ion  of the resistant  segregates inocu- 
lated with cul ture  108, the s t andard  devia- 
tions ob ta ined  for tile resistant  and  suscep- 
tible SF × SF segregates were no greater  
than  those ob ta ined  for Small  Fry  (Tables  
1 and  2). These  results suggest tha t  the two 
groups  of  SF x SF p rogeny  are also es- 
sentially homogeneous .  All  genes, o ther  
than  LMiR2,  affecting resistance or  suscep- 
t ibil i ty appear  to have been d is t r ibu ted  
approx ima te ly  equal ly  to all selfed Small  
Fry progeny.  T h e  h igher  coefficient of vari- 
a t ion  ob t a ined  on resistant  segregates inocu- 
lated with cul ture  108 may be the result  of  
segregat ion of a gene mod i fy ing  LMiR~. 
However ,  these effects were no t  a p p a r e n t  
a m o n g  resistant segregates inocu la ted  wi th  
cu l ture  108SF,~. T h e  homogene i ty  of  tile 
selfed Small Fry p rogeny  enables tlle dis- 
t inc t ion of  the effects of  LMiR.,  on  nema- 
tode deve lopmen t  f rom the effects of o ther  
genes in the Small Fry genome.  T h e  sup- 
pression of bo th  infect ion f requency (Tab le  
1) and  rate of  deve lopmen t  of  p r imary  in- 
fection (Table  2) are a t t r ibu tab le  solely to 

Table 1. Infection frequencies for four hosts inoculated with a wild-type Meloidogyne incognita popu- 
lation (108) and with a population (108SF12) derived from it through 12 generations of selection on 
tomato cv. Small Fry. 

Nematode population 

Host 

108 108SF12 
Number of Standard Number of Standard 
egg  masses  d e v i a t i o n  egg  masses deviation 
per plant* (In n+l) IPt" per plant (ln n+l) IP 

Rutgers 326.9 a 0.080 211.1 a 0.208 
Small Fry 6.1 b 0.377 1.9 145.5 b 0.163 71.6 
SF X SF 

susceptible 323.0 a 0.116 99.6 234.2 a 0.067 110.9 
segregates 

SF )< SF 
resistant 5.9 b 1.007 1.8 145.0 b 0.069 71.5 
segregates 

*Mean of eight replicate plants inoculated with 400 juveniles each. Column means followed by the 
same letter are not different according to Waller-Duncan's Bayesian k-ratio t-test (1 = 100). 

fliP (index of parasitism) = number of egg masses on test host expressed as a percentage of those on 
the susceptible cv. Rutgers. 
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Table  2. Egg product ion  on four  hosts by a wild-type Meloidogyne incognita popula t ion  (108) and  by 
a popula t ion  (108SFa~) derived from it th rough  12 generat ions of selection on tomato cv. Small Fry. 

Nematode  popu la t ion  

Host  108" 108SF12 

Rutgers  693.0 a 
Small Fry ...:~ 
SF )< SF 

susceptible 602.6 b 
segregates 

SF >( SF 
resistant . . . ,  
segregates 

0.082)]" 605.0 ab (0.090) 
543.8 b (0.262) 

(0.139) 668.9 a (0.I01) 

545.1 b (0.060) 

*Number  of eggs per egg mass; average from eight test plants. Colunm means followed by the same 
letter are not  different according to Wal ler-Duncan 's  Bayesian k-ratio t-test. 

tN um be r s  in parentheses are s tandard  deviations, based on in n + l .  
:~No counts taken because of an insutficient n u m b e r  of  egg masses recovered from these plants.  

LMiR v  Thus,  LMiR2 has the epidemiologic 
effect of suppressing both the number  of 
infections and the rate at which successful 
infections develop. 

Other  investigators also have found that 
nematode development  is slower in resistant 
species or cultivars than in susceptible ones, 
al though the genetic basis for this effect 
has not been determined (1,3,4,5). T h e  
present study attributes the retarded de- 
velopment in a resistant cultivar to a single 
gene. 

The  removal of the dominant  LMiR2 
allele from the Small Fry genome by selfing 
allows an analysis of residual (horizontal) 
resistance. T h e  amount  of infection on the 
susceptible segregates did not  differ from 
that on Rutgers, for either nematode popu- 
lation (Table  1). Thus,  without  the LMiRe 
allele, Small Fry appears to have a level of 
susceptibility comparable to that of Rutgers 
and, therefore, does not  possess any residual 
resistance. 

The re  were no significant differences in 
the number  of egg masses produced on 
Rutgers and on susceptible segregates, 
either before or after selection (Table  1). 
These data suggest that adaptat ion in the 
nematode was probably not directed at any 
components of the Small Fry genome other  
than LMiR2. Th e  number  of eggs per egg 
mass produced on susceptible segregates 
relative to that on Rutgers increased 
slightly following selection, but  the increase 
was not significant statistically (Table  2). 
T h e  greater egg product ion by culture 108 

on Rutgers may be the result of prolonged 
adaptat ion to this cultivar, on which cul- 
ture 108 was maintained pr ior  to these 
studies. 

Th e  reaction between culture 108SF12 
and plants with LMiR2 gene is instructive 
in an analysis of the genetics of the Ly- 
copersicon esculentum-M, incognita inter- 
action. Culture 108SF1~ is derived from a 
single egg mass, reproduces by mitotic 
parthenogenesis (12), and was subjected to 
intense selection favoring virulence alleles 
for 12 generations. These factors suggest 
limited variation and a high degree of 
adaptat ion in this populat ion.  Neverthe- 
less, this popula t ion has less parasitic abil- 
ity on plants containing gene LMiR2 than 
on those that do not  (Tables 1, 2). As dis- 
cussed earlier, this study has el iminated the 
possibility of a greater level of horizontal  
resistance in Small Fry as a cause of the 
lower compatibility. Gene LMiR2 appar- 
ently has a residual potency that may not  
be subject to being overcome by the nema- 
tode, as has been suggested from the Pm4 
gene for resistance in wheat  to Erysiphe 
graminis f. sp. tritici (6). Using two near- 
isogenic lines of wheat, differing at the Pro4 
locus, Mart in and Ellingboe (6) deter- 
mined that the Pm4 allele reduced the rate 
of development  of primary infection of 
fungal isolates containing the correspond- 
ing virulence allele. 

This  study elucidates the role of the 
host in observed nematode populat ion 
kinetics. A single, completely dominant  
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gene, LMiR~, suppresses both infection fre- 
quency and rate of development  of primary 
infection by M. incognita. T h e  response of 
a nematode popula t ion  to selection on re- 
sistant tomato cultivars may now be in- 
terpreted Oll this basis. Meloidogyne spp. 
populat ions characteristically progress 
through various intermediate degrees of 
adaptat ion during cont inued exposure to 
tomato cultivars containing resistance genes 
(2,7,9,13). An understanding of the cause 
of these intermediate degrees of virulence 
would be helpful to an understanding of 
the basis of variability in this nematode. A 
further genetic analysis of the ability of M. 
incognita to overcome resistance is pre- 
sented elsewhere (2). 
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