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Abstract: Plant protoplast  technology is being investigated as a means of t ransferr ing root-knot 
nematode resistance factors from Solanum sisymbrii[olium into the susceptible S. melongena. 
Solanum sisymbriifolium plants regenerated from callus lost resistance to Meloidogyne javanica 
but  retained resistance to M. incognita. Tomato  plants cloned from leaf discs of the root-knot 
nematode resistant "Patriot' were completely susceptible to M. incognita, while sections of stems 
and leaves rooted in sand in the absence of growth hormones  retained resistance. Changes in 
resistance persisted for three generations. It  is postulated that the exogenous hormona l  con- 
st i tuents of  the culture medium are modifying the expression of genetic resistance. Key words: 
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It is generally accepted that polygenic 
horizontal resistance to nematodes would be 
more stable and effective for longer periods 
of time than vertical resistance conditioned 
by a single gene. This, in turn, is dependent 
upon the availability of sexually compatible 
and genetically diverse germ plasm sources. 
The  gene pool in some crops for root-knot 
nematode resistance is large, and resistant 
plants can be readily identified for use in a 
plant breeding program. In others, the vari- 
ability is either extremely narrow or non- 
existent, necessitating the search for resist- 
ance in related species, which most often are 
incompatible with tile cultivated species (7). 

The  eggplant (Solanum melongena), for 
example, is a vegetable crop in which no 
resistance to root-knot nematodes has been 
found (4). A potential source of resistance 
occurs in a related wild species, S. sisymbri- 
ifolium, (10). However, the two species are 
sexually incompatible. In order to transfer 
tile resistance factors of the wild species 
into the eggplant, methods other than con- 
ventional breeding techniques would have 
to be utilized. 

Recent advances in plant protoplast 
technology provide a mechanism for over- 
coming interspecific and intergeneric bar- 
riers to hybridization and for introducing 
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new genetic information into plant cells 
without sexual reproduction. Production of 
a hybrid plant through protoplast fusion of 
vegetative cells is commonly referred to as 
somatic hybridization (2). 

Recent reports on the hybridization of 
the potato (Solanum tuberosum) with the 
tomato (Lycopersicon esculentum) and that 
of .4rabidopsis and Brassica by protoplast 
fusion have demonstrated the feasibility of 
this technology for hybridizing sexually non- 
compatible plant species (12,14). 

In somatic hybridization, plant tissues 
from two parental sources are digested with 
a mixture of pectinase and cellulase in an 
osmotically stable solution to produce 
protoplasts. Protoplasts are naked cells sur- 
rounded by a plasm membrane which have 
the capacity to fuse spontaneously or to be 
induced to fuse by mixing them together in 
the presence of a high molecular weight 
polyethylene glycol (PEG). A small per- 
centage of the protoplasts will fuse to form 
heterokaryons containing a mixed cyto- 
plasm with two nuclei. The  fused proto- 
plasts are capable of cell wall regeneration, 
growth, and division. After cell division a 
single nucleus may be formed containing 
the chromosomes of each parent cell or, 
more frequently, selective elimination of 
chromosomes of one of the parental species 
takes place during cell division and tissue 
formation (18). 

The  formation of a true interspecific 
hybrid cell can be identified readily by 
fusing green mesophyll protoplasts of one 
plant partner with the light yellow to color- 
less protoplasts of another partner prepared 
from cell suspension cultures. The  contrast- 
ing colors of the heterokaryons become ob- 
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scure after several division and it is next to 
impossible to identify the hybrid cells from 
the more numerous parental cells. It  is pos- 
sible, however, to select cell hybrids in a 
nutrient  medium which favors the growth 
of the hybrid products or preferentially al- 
lows the growth of only the hybrid cells 
(18). The  colony of cells is subcultured on 
a culture medium favoring callus formation. 
The  callus is subsequently transferred to a 
medium containing an auxin and cytokinin 
to induce organogenesis. 

This technique is being used as a means 
of transferring root-knot nematode resist- 
ance factors from Solarium sisymbriifolium 
into the eggplant, S. melongena. 

This report presents results of our re- 
search leading to the somatic hybridization 
of the two plant species, but  more impor- 
tantly it presents data on changes in ex- 
pression of root-knot nematode resistance 
in cloned plants. 

ORGANOGENES1S 

Protoplast isolation and culture: Viable 
clear protoplasts from cell suspension cul- 
tures of S. sisymbriifolum and green proto- 
plasts from young leaves of eggplant cv. 
Florida Market were prepared by enzymatic 
digestion. By manipulat ing the culture me- 
dium with various auxin/cytokinin ratios, 
osmoticum, light, and temperature, proto- 
plasts from each plant species were induced 
to form new cell walls, divide repeatedly, 
produce colonies of cells, and regenerate 
into whole plants (1). 

Heterokaryons: Clear S. sisyrnbriifolium 
protoplasts were fused with green mesophyll 
eggplant protoplasts with PEG. The hetero- 
karyons, however, did not divide beyond a 
few divisions and eventually died. The con- 
ditions necessary for sustaining viability and 
cell divisions of the hybrid cells are being 
investigated. 

Regeneration of plant species from 
callus: In the early stages of this research 
callus cultures were established from stem 
pith parenchyma of S. sisymbriifolium and 
S. melongena on Linsmaier and Skoog basal 
salt medium supplemented with sucrose, 
indole-3-acetic acid (IAA), (7,7-dimethyl- 
allyl-amino)-purine (2iP) and 2,4-dichloro- 
phenoxyacetic acid (2,4-D). Plants were re- 
generated from S. sisymbriifolium callus on 

a basal salt medium containing a combina- 
tion of high concentrations (74.9 /~M) of 
the cytokinin, 2iP, and low concentrations 
(17.1 /~M) of the auxin, IAA (5). Regenera- 
tion of S. rnelongena callus required a more 
complex protocol (11). 

Characteristics of plants regenerated 
from callus: Morphological and cytological 
aspects of plants regenerated from callus of 
both Solanum species differed from original 
seed plants. Leaves of regenerated S. sisym- 
briifolium and S. melongena were thicker 
and less deeply lobed and the stomates were 
larger and contained more chloroplasts than 
seed plants. Cytological examination of 
pollen microspores of both species showed 
24 chromosomes (n = 12), indicating that 
they were tetraploids (6, I 1). 

REGENERATED P L A N T  RESPONSE 

Since the plant morphology and cytology 
varied after regeneration, the regenerated 
plants were tested for resistance to root-knot 
nematodes after being selfed for two genera- 
tions. 

The  usual response of eggplant roots to 
infection by M. incognita or M. javanica is 
the characteristic galling. The  vascular 
cylinder is disrupted by the development of 
6-8 large multinucleate, thick-walled giant 
cells which surround the nematode's head. 
Females assume a saccate shape in about 25 
days and oviposit a few days later. 

Solanum sisyrnbriifolium is also readily 
inwlded by root-knot larvae. However, in- 
stead of galls, roots form swellings, pri- 
marily by a hypertrophy of the cortical 
parenchyma cells. At the nematode feeding 
site, tracheid continuity is disrupted by the 
development of small, thin-walled giant 
ceils. Most larvae did not develop beyond 
the late second stage. The  giant cells are not 
adequate to provide sufficient nutr i t ion for 
nematode development. 

Regenerated plants of both species ex- 
hibited the typical phenotypic root response 
described above after penetration by either 
M. incognita or M. javanica larvae. Progeny 
(S, and $2) of regenerated S. sisyrnbriifolium 
plants retained resistance to M. incognita. 
Although root swellings were observed, no 
eggs were recovered. However, regenerated 
plants were more susceptible than seed 
plants to M. javanica. Larvae developed 
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i n to  adu l t s  a t  the  same ra t e  as in  e g g p l a n t  
roo t s  a n d  p r o d u c e d  20 t imes  m o r e  eggs t h a n  
in fec t ed  S. sisymbriifolium seed p l a n t s  
( T a b l e  1). H i s t o l o g i c a l  e x a m i n a t i o n s  ind i -  
ca ted  l a rge r  g i a n t  cells f o r m e d  in  regener-  
a t ed  p l a n t  roo t s  t h a n  in  seed p l a n t  roots .  

Since the  r e a c t i o n  of S. sisymbriifolium 
p lan t s  to M. javanica was a l t e red ,  we ex- 
a m i n e d  the  effect of  s imi l a r  t issue c u l t u r e  
t echn iques  on  a t o m a t o  cu l t i va r  c o n t a i n i n g  
the Mi gene for r o o t - k n o t  n e m a t o d e  resist-  
ance.  Lea f  discs (1-cm d iam)  of  r e s i s t an t  
' P a t r i o t '  a n d  suscep t ib le  ' H o m e s t e a d '  to- 
m a t o  were  c u l t u r e d  on  a M u r a s h i g e  a n d  
Skoog m e d i u m  (16) c o n t a i n i n g  0.1 /zM 
n a p t h a l e n e a c e t i c  ac id  ( N A A )  a n d  10 t~M 
b e n z y l a d e n i n e  (BA). P lan t s  r e g e n e r a t e d  
f rom these discs were  g r o w n  to m a t u r i t y  a n d  
$2 r e g e n e r a t e d  p l an t s  were  e v a l u a t e d  for  
res is tance  to M. incognita af ter  i n o c u l a t i o n  
w i th  2,000 eggs in  10-cm clay po ts  (8). 

P r o geny  of  p l an t s  r e g e n e r a t e d  f rom re- 
s i s tan t  P a t r i o t  t o m a t o  leaf  discs lost  t he i r  
res is tance  to M. incognita ( T a b l e  2). T h e  
ga l l  a n d  the r e p r o d u c t i o n  ind ices  o]  the  re- 
g e n e r a n t  P a t r i o t  d id  no t  differ  f rom the  
r e a c t i o n  of  suscep t ib le  H o m e s t e a d  t o m a t o  
plants .  Fassu l io t i s  a n d  D e a k i n  (9) obse rved  
t ha t  hypoco ty l s  of  r o o t - k n o t  n e m a t o d e  re- 
s i s t an t  snap  beans  s u p p o r t e d  the  deve lop-  
m e n t  of  M. incognita, whereas  the  roo ts  re- 
m a i n e d  res is tan t .  T h e  ques t ion ,  therefore ,  
arose as to w h e t h e r  res i s tance  to r o o t - k n o t  
n e m a t o d e s  in  the  P a t r i o t  t o m a t o  was ex- 
pressed  in  the  tops  as wel l  as in  the  roo ts  of  
the  p l an t ,  o r  w h e t h e r  the  obse rved  change  
in  res is tance  was a consequence  of  the  t issue 
cu l t u r e  p rocedure .  

T o  answer  this  ques t ion ,  two exper i -  

Table 2. Effect of tissue culture of 'Patriot' to- 
mato on resistance to Meloidogyne incognita race 1. 

Gall Reprod. Egg/gin 
Entry Source index* index* root 

Patriot Seed 1.0 1.0 48 
Patriot R.P.t 5.0 4.0 3,715 
Homestead Seed 5.0 5.0 11,128 

*Gall index and reproduction index based on a 
scale of 1-5:1 = no galling and/or reproduction, 5 
= abundant galling and/or reproduction. 

+R.P. = S 2 progeny of plants regenerated from 
leaf discs. 

men t s  were  i n i t i a t e d .  S tem a n d  leaf  cu t t ings  
f rom seed p l an t s  of P a t r i o t  a n d  H o m e s t e a d  
t o m a t o  were  r o o t e d  in  sand  w i t h o u t  app ly -  
ing  r o o t i n g  h o r m o n e s  to the  cut  surfaces of  
the  tissues. Af t e r  roo ts  h a d  deve loped ,  each  
c u t t i n g  was i n o c u l a t e d  w i th  200 M. incog- 
nita eggs a n d  i n d e x e d  for ga l l i ng  a n d  re- 
p r o d u c t i o n  50 days  l a t e r  (8). 

R o o t e d  cu t t ings  f rom b o t h  stern a n d  leaf  
sect ions o] P a t r i o t  t o m a t o  r e t a i n e d  the i r  re- 
s is tance to t i le  n e m a t o d e  ( T a b l e  3). 

I n  the  o t h e r  e x p e r i m e n t ,  leaf  discs f rom 
H o m e s t e a d  a n d  P a t r i o t  t oma toes  were  cul- 
t u r e d  in  W h i t e ' s  m e d i u m  c o n t a i n i n g  no  
p h y t o h o r m o n e s .  Twenty- f ive  M. incognita 
l a rvae  were  p l aced  in  a d r o p  of  wa te r  in  the  
cen te r  of  each disc a n d  i n c u b a t e d  a t  25 C 
in the  d a r k  for  50 days.  

N o  roo t s  d e v e l o p e d  f rom the  discs in  
this  m e d i u m ,  b u t  e gg -p roduc ing  females  a n d  
second-stage l a rvae  were  r ecove red  f rom 
H o m e s t e a d  t o m a t o  leaf  discs a f t e r  90 days 
i n c u b a t i o n .  N o  females ,  eggs, or  l a rvae  were  
recovered  f rom P a t r i o t  leaf  discs. 

Table 1. Response of eggplant (Solanum sisymbriifolium and S. melongena), propagated from seed and 
tissue culture, to Meloidogyne incognita and M. javanica. 

M. incognita* M. javanica* 
Gall Repr. Eggs/gm Gall Repr. Eggs/gm 

Host Source index index root index index root 

S. sisymbriiloliura Seed 2.7 1.0 0.0 3.0 1.0 484 
R.P.t  2.7 1.0 0.0 3.0 4.5 8,715 

S. melongena Seed 4.0 5.0 112,800 4.5 5.0 . . . . .  
R.P.t 4.0 5.0 44,400 4.0 4.5 . . . . .  

*Gall index and reproduction index based on a scale of 1-5:1 = no galling and/or reproduction, 5 = 
abundant galling and/or reproduction. 

tR.P. = regenerated plants, S 2 progeny. 
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Table 3. The response of rooted cuttings of 
'Patriot' tomato to Meloidogyne incognita race I. 

Gall Reprod. Egg/gin 
Entry Source index* index* root 

Patriot Seed 1.0 1.0 48 
Patriot Stem 1.0 1.0 0.0 

cuttings 
Patriot Leaf 1.0 1.0 0.0 

cuttings 
Homestead Seed 5.0 5.0 11,128 

*Gall index and reproduction index based on a 
scale of 1-5:1 = no galling and/or reproduction, 5 
= abundant galling and/or reproduction. 

D I S C U S S I O N  A N D  C O N C L U S I O N S  

Despi te  cu r r en t  o p t i m i s m  for the po- 
ten t ia l  of tissue cu l tu re  systems for crop im- 
p rovement ,  the increase in  susceptabi l i ty  or 
complete  loss of roo t -knot  n e m a t o d e  resist- 
ance of p lan t s  regenera ted  from callus or 
tissues of res is tant  p l an t s  suggests tha t  the 
system has to be  approached  with ex t reme 
caut ion .  

By def in i t ion ,  c lonal  p ropaga t ion  sig- 
nifies tha t  all  p lants  so der ived f rom a single 
mothe r  p l a n t  are genet ica l ly  ident ica l .  How- 
ever, i t  is no t  u n c o m m o n  to o b t a i n  a b e r r a n t  
p lants  after c lon ing  (15). R e g e n e r a t i o n  of 
S. s isymbri i fol ium,  Flor ida  Marke t  eggplant ,  
and  Pa t r io t  tomato  resul ted  in  p lan ts  tha t  
differed in  their  chromosome n u m b e r ,  
morphology,  cytology, a n d / o r  expression 
for root -knot  n e m a t o d e  resistance. All  of 
these aber ra t ions  have persisted for three 
genera t ions  i n d i c a t i n g  the i n d u c e d  changes 
were genet ic  a n d  no t  epigenet ic  events.  

A u x i n s  and  cy tokin ins  are f u n d a m e n t a l  
ingred ien t s  of cu l tu re  med ia  used for re- 
gene ra t ing  p lan ts  f rom tissue explants .  T h e  
fo rma t ion  of roots a n d  shoots is r egu la ted  
by the ava i l ab i l i ty  and  app rop r i a t e  ba lance  
of these ho rmones  (15). These  mater ia l s  
have also been  found  to have a p r o f o u n d  
effect on  mod i fy ing  the expression of root- 
k n o t  n e m a t o d e  resistance in  tomato  a n d  
peaches (3,13,17). 

W i t h i n  the cu r r en t  state of our  knowl-  
edge, changes i n  n e m a t o d e  resistance of S. 
sisymbriifoliurn and  Pa t r io t  tomato  p lan t s  
regenera ted  f rom tissue cu l tu re  appear  to 
be i n d u c e d  by the p h y t o h o r m o n e  const i tu-  
ents of the cu l tu re  media .  But  o ther  [actors 

may also be involved.  If  p h y t o h o r m o n e s  i n  
the med ia  are responsible ,  t h e n  a t t e n t i o n  
mus t  be g iven to e l i m i na t e  these effects be- 
fore tissue cu l tu re  can be used r o u t i n e l y  as 
a t e c hn i que  for crop p l a n t  i m p r o v e m e n t ,  as 
far as roo t -knot  n e m a t o d e  resistance is con- 
cerned. 
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Current Status of Breeding for Resistance to Insects 1 
FOWDEN G .  MAXWELL 2 

Journa l  of Nematology 14(1):14-23. 1982. 

T h e  major  objectives of this paper are 
to acquaint  nematologists with the current  
progress in developing resistant cultivars of 
major  commodity crops to key insect pests, 
to discuss briefly the role of resistant vari- 
eties in pest management  strategies, and to 
examine what we currently know about  the 
chemical and physical causes of resistance 
and insect-plant interactions. 

The  study of plant resistance to insects 
dates back to the earliest days of applied 
entomology. T h e  early l i terature contains 
several significant examples of differences 
in response of cultivars to insect attack. 
Havens' (12) report  that tile 'Underhil l '  
variety of wheat was resistant to the Hessian 
fly, Mayatiola destructor, is generally con- 
sidered the earliest documentat ion of an 
insect-resistant variety. T h e  development  of 
the science of plant  resistance can be di- 
vided roughly into three areas: the pre- 
World  War  II era, the immediate post- 
World  War  If  era, and the present era of 
environmental  awareness. Before World  
War  II, initial observations by scientists had 
led to cooperative efforts by plant breeders 
and entomologists to develop improved cul- 
tivars to control insect pests. T h e  postwar 
years showed a significant shift from studies 
in insect biology and insect-host interactions 
to the exploitat ion of the newly developed 
organic chemical pesticides. New pesticides 
were identified and synthesized with spec- 
tacular results when applied to insect pop- 
ulations. Research and control strategies 
shifted toward the new chemical-control ap- 
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proach. Research and development  in insect 
biology and insect resistant plants lan- 
guished during this period. Since the late 
1960s, there has been a shift toward the 
development  of integrated systems of pest 
control. This  change was condit ioned by 
two major fac tors - the  development  of in- 
sect resistance to insecticides and the con- 
ceru for environmental  pol lut ion stemming 
from the use of chemical pesticides. 

T h e  development  of the specialty of 
plant resistance to insects can also be viewed 
from the accumulation of knowledge in its 
published form. T h e  first review of the sub- 
ject (33) listed 567 references, of which only 
37 were published prior to 1920. Publica- 
tions increased considerably after that. Th e  
first hook on insect resistance in crop plants 
was published by Painter  in 1951 (28), and 
it had more than 1,000 works cited. Sub- 
sequently, significant review papers have 
been published by Painter  (29), Beck (5), 
National Academy of Sciences (26), Max- 
well et al. (24), and Gal lun et al. (8). T h e  
comprehensive t reatment  of the field in the 
text Breeding Plants Resistant to Insects, 
edited by Maxwell and Jennings (25) and 
underwri t ten by tile Rockefeller Founda- 
tion, represents the latest efforts to provide 
a textbook and major reference work in the 
field. 

Categorization of resistance in plants to 
insects has differed from that found in the 
phytopathological and nematological litera- 
ture which has used the terms vertical (spe- 
cific), horizontal (general), and hypersensi- 
tive resistance. Painter  (28) provided a 
workable compromise between mere cate- 
gorization of resistance phenomena  and the 
basic study of causative factors or processes. 
He proposed three categories of mecha- 
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