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Summary.  Protoplas t -der ived calluses o f  tobacco 
(Nicotiana tabacum cv. 'Samsun ' )  were selected for their 
resistance to toxins from Pseudomonas syringae pv. 
tabaci, which causes wildfire disease, and from Alter- 
naria alternata pathotype  tobacco, which causes brown 
spot. A number  of  p lants  were regenera ted  from each 
of  the toxin-selected pro top las t -der ived  calluses. A 
large percentage of  the plants  obta ined  from the second 
selection cycle calluses were resistant  to infection by 
these pathogens.  Resistance to wildfire disease, how- 
ever, seems to be unre la ted  to resistance to brown spot 
disease. Variations in the morphologica l  characteristics 
of  the regenerated plants  were found. Results of  an 
assay of  the Rx generat ion indicate that the resistance 
shown by Ro plants  against  both  disease is heri table.  
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Introduction 

Several techniques have been  used to breed  crop plants  
that are disease resistant. One is the in t roduct ion of  
resistance from wild species, a l though the genetic 
source is not  always available.  Another  means  is the 
artificial induct ion o f  muta t ions  that  show resistance. 

This technique has been studied intensively for many 
years (Simons 1979), but the frequency of the resistant 
mutants so far produced has fallen far short of early expecta- 
tions. The most recent technique in use is the selection of 
resistant variants from artificially cultured cells or tissues. 
Since Takebe etal. (1971) reported the ability of a single 
tobacco leaf protoplast to regenerate an intact plant, much 
attention has been placed on the screening of novel variants of 
agronomic importance. 

Large scale screening of cell populations by conventional 
in vitro procedures has been successful in producing resistant 
plants against some amino acid derivatives (Carlson 1973; 
Marton and Maliga 1975; Widholm 1977), antibiotics (Umiel 
1979; Maliga et al. 1975; Maliga 1978), pesticides (Palacco and 
Palacco 1977; Chaleff and Parsons 1978) and some patho- 
toxins (Gengenbach etal. 1977; Mattern et al. 1978; Brettel 
and Ingram 1979; Thomas etal. 1979; Siegemund 1981; 
Sacristan 1982). 

We have selected leaf  p ro top las t -der ived  calluses 
from tobacco (Nicotiana tabacum cv. 'Samsun ' )  for their  
resistance to toxins from the pa thogens  of  wildfire and 
brown spot diseases, and  have regenera ted  intact  plants  
from these calluses. The morphologica l  characterist ics 
and disease resistance of  the regenera ted  plants  and  
their progenies also have been investigated.  Our  results 
show that resistance to both pathogens  is heri table.  

Mater ia l s  and methods  

Protoplast isolation and culture 

Fully expanded leaves of tobacco plants (Nicotiana tabacum L. 
cv. 'Samsun') that had been grown in a greenhouse under 
natural daylight at 25 + 5 ~ were used for protoplast isolation. 
The leaf surface was initially sterilized with 70% ethanol for 
15 s and then with 0.2% mercuric chloride for 15 s. After 
rinsing the leaf three times with sterile water, its lower 
epidermis was removed and pieces of the leaf were floated 
epidermisless side downwards on a protoplast isolation solu- 
tion composed of 9.1% mannitol, 1% cellulase and 0.05% 
Macerozyme (Yakult Pharmaceutical Industry Co. Ltd. 
Nishinomiya, Japan). The pH of the enzyme solution was 
adjusted to 5.8 with 0.2 N KOH prior to sterilization through 
a Millex-GS filter (Millipore Corporation Bedford, Mass. USA). 
All subsequent operations were carried out aseptically in a 
laminar flow cabinet. Leaf materials were kept in the enzyme 
solution at 30~ for 3 h without agitation until a mesophyll 
protoplast suspension formed. This suspension was filtrated 
through four layers of cotton cheese cloth. Its filtrate was 
placed in centrifuge tubes and spun at 100x g for 2 rain. After 
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removal of  the supernatant, the pellet was washed four times 
with sterilized 0.5 M mannitol solution containing 0.1 mM 
CaCI2, then suspended in a small amount of  the same solution 
to give the desired protoplast concentration, approximately 
5 x 107 cells/ml. 

Protoplasts were cultured at a concentration of about 
1 x 104 cells/ml (ca. a 500-fold dilution of the original suspen- 
sion) in plastic petri dishes (9 cm in diameter) containing 5 ml 
of Nagata and Takebe's medium (1971) supplemented with 
3 mg/1 fl-naphthyl acetic acid (NAA), and 1 rag/1 benzyl- 
aminopurine (BAP), and 0.8% agar. These dishes were sealed 
with Parafilm M and incubated first in the dark for 7 days 
then in diffuse light of 700 lux at 26 ~ for 5 weeks. 

Selection of resistant calluses and plant regeneration 

Cell colonies (0.3-0.8 mm) that appeared on the Nagata and 
Takebe medium after 4-6  weeks of incubation were trans- 
ferred to Linsmaier and Skoog (1965) basal medium con- 
taining 2 mg/1 NAA, 0.2 mg/1 BAP and 1-1.5% agar (LS-1 
medium) for callus differentiation. The transferred calluses 
were maintained at 26~ under continuous illumination of 
800 lux. After 2 weeks of incubation, each callus was cut into 
pieces of ca. 2.5 mm. 

Ten pieces were placed in separate petri dishes (9 cm in 
diameter) containing 15ml LS-I medium, to which 1% 
P. s),ringae toxin or 0.7% A. alternata toxin (both in a v /v  
ratio) was added aseptically as the selective agent. At this con- 
centration both toxins produced modest growth inhibition. 
The dishes were sealed with Parafilm M and kept under dim 
light of 400 lux at 26 ~ for 3-6 weeks. 

The LS-2 agar medium (Linsmaier and Skoog basal 
medium supplemented with 0.1 mg NAA and 5.0 mg BAP/1) 
was used for plant regeneration. Calluses that survived on the 
selective medium were transferred to this medium and in- 
cubated in a growth chamber adjusted to 26~ and 50% 
relative humidity under a 16 h /day  of  13,000 lux. Three to six 
weeks later the shoots that had developed were transferred to 
LS-3 medium (Linsmaier and Skoog basal medium containing 
0.1 mg NAA and 0.5 mg BAP/1) for further shoot develop- 
ment and root initiation. 

Pathogens and toxin preparation 

Pseudomonas syringae pv. tabaci (Wolf and Foster) Young, 
Dye and Wilkie (Isolation No. 7426) was obtained from Dr. K. 
Ono of the Okayama Tobacco Experiment Station, Japan. The 
bacterium was kept on YDC agar slants (1% yeast extract, 2% 
sucrose and 2% CaCOs) at 20~ and subcultured every 
2 weeks. The identity of each culture was confirmed before use 
from its growth on King's and TCA medium (Harrigan and 
McCance 1966) and by its virulence against tobacco plants. 

To prepare the toxin, we grew bacterial cells in Wooley's 
liquid medium (Wooley et al. 1952) at 24~ for 5 days with 
agitation. Cells were centrifuged and the supernatant passed 
through Seitz-filters. 

The filtrate was concentrated 30 fold at 35 ~ in vacuo. 
This crude filtrate then was passed through a Sephadex G-25 
column and eluted with distilled water. The fractions toxic to 
tobacco leaves were collected, pooled and reconcentrated to 
the original content in vacuo. The toxin samples used were 
filtered through a Millex-GS filter before their use in selecting 
resistant calluses. 

Alternaria alternata pathotype tobacco was supplied by 
Prof. S. Nishimura of Nagoya University, Nagoya, Japan. This 
fungus was maintained on PSA (potato sucrose agar) medium 
at 28 ~ and was subcultured at 2-week intervals. 

To prepare its toxin, we cultured the fungus in Richard's 
medium (10 g KNOs, 5 g KH2PO4, 2.5 g MgSO,, 50 g sucrose 
and 1 g yeast extract/I) and kept the culture stationary for 
3 weeks at 28 ~ 

Mycelial mats from 5 1 of the culture fluid were removed 
by passing the fluid through Whatman No. 2 filter paper. The 
toxic filtrate was absorbed with 0.5% activated charcoal for 
30 min, then the charcoal was washed twice with distilled 
water and was collected on Whatman No. 2 filter paper by 
filtration. The toxin was extracted from this charcoal with 70% 
acetone which then was removed from the toxin extract by 
evaporation at 40~ The water solution remaining was ad- 
justed to pH 4.0 with 1 N HC1. This acidified solution was 
treated with ethylacetate to remove any admixtures in the 
water. 

The crude toxin was partially purified eluting it with 1 N 
NH4OH from a Dowex 50 x 8 column. Ammonia was removed 
by evaporation, then the volume of the crude toxin was 
reduced to 50 ml (a 100-fold concentration of the content of 
the original solution). The toxin samples used first were 
filtered through a Millex-GS filter to sterilize them. 

Testing plant resistance to pathogens 

Test of regenerated plants. Regenerated plants and their off- 
spring were tested with both pathogens for their responses to 
infection. 

P. syringae pv. tabaci: Leaves were infected by pricking 
them with a needle dipped in bacterial suspension (108 
cells/ml). In susceptible plants, chlorosis appeared on the 
leaves within 2-3 days, and typical symptoms of wildfire 
disease were present in inoculated plants 14-21 days after 
treatment. 

Plants that had chlorotic lesions less than 0.4 cm in diame- 
ter 4 days after inoculation, or those that showed no symptom 
when harvested were considered resistant. Plants that formed 
chlorotic lesions 0.5 to 1.0 cm in diameter or those that had 
only a few spots on aged leaves were classified intermediate. 
Plants that had chlorotic lesions ca. 1 to 2 cm in diameter with 
dead areas in their centers 4 days after inoculation were con- 
sidered susceptible (Fig. 1). In highly sensitive plants, the 
wildfire lesions spread rapidly to nearly all the tissues and 
leaves within 2 weeks and caused severe infection. 

Fig. 1. Evidence of resistance to P. syringae pv. tabaci on 
leaves of regenerated plants 4 days after inoculation. Four to 
six drops of the bacterial suspension (108 cells/ml) were placed 
on each side of  a leaf. Typical chlorotic lesions developed se- 
verely on leaves of susceptible plants (right) 
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Table 1. Reaction of protoplast-derived calluses to toxin prep- 
arations form P. syringae pv. tabaci and A. alternata pathotype 
tobacco 

Toxin No. Surviving calluses a 
calluses 
tested 1 st transfer 2 "d transfer 

No. % " No. % 

Fig. 2. Evidence of resistance to A. alternata pathotype to- 
bacco on excised leaves of regenerated plants. Leaves were 
sprayed with 1 x 106 spores/ml then kept in 100% relative hu- 
midity at 10 000 lux for 3 days. The leaf of the susceptible plant 
is covered with expanded necrotic flecks (left) 

A. alternata pathotype tobacco: Leaves were detached and 
tested by spraying them uniformly with a spore suspension 
(106 spores/ml) and maintaining them at 28 ~ under 10,000 
lux for 3-5 days. Susceptibility to the fungus was shown by the 
number of small necrotic flecks present on the inoculated 
leaves. Plants were divided into 3 classess of resistance ac- 
cording to the number of necrotic flecks that had appeared by 
the 5th day after inoculation in a square centimeter of each 
inoculated leaf (Fig. 2): resistant (R); 0-10 necrotic flecks/cm 2- 
intermediate (I); 11-50 necrotic flecks/cm 2, and susceptible 
(S), had more than 50 flecks/cm 2. 

Test of the progeny of regenerated resistant plants. Seeds were 
produced by open pollination of regenerated plants that had 
been selected for their resistance. Seedlings raised from these 
seeds were tested for their disease resistance. 

In the test for resistance to P. syringae pv. tabacL proge- 
nies of resistant plants from callus 348R were heavily inocu- 
lated by a pressurized spray of 10 a cells/ml to the lower 
surfaces of individual leaves. Development of the disease was 
checked weekly for 4 months after inoculation. Plants that 
showed any of the chlorotic lesions caused by wildfire disease 
were considered susceptible. Plants that did not have visible 
symptoms were assumed to be resistant. In the progeny test on 
resistance to A. altern?tta pathotype tobacco, the offspring of 
resistant plants regenerated from 348R callus were inoculated 
and checked as described above. 

Chromosome counts 

Chromosome numbers of regenerated plants and their proge- 
nies were determined by the acetocarmine squash method. It 
was used on root tips that had been treated with 2 mM 8-hy- 
droxyquinoline and fixed with acetic alcohol (1 : 3 ratio). 

P. syringae 700 74 10.6 6 0.86 
pv. tabaci 

A. alternata 700 36 5.1 5 0.71 
pathotype tobacco 

a The percent of survival is the number of calluses "surviving/ 
the number of calluses tested 

Table2. Morphological classification o f  plants regenerated 
from calluses that had been selected against the toxins of P. 
syringae pv. tabaci and A. alternata pathotype tobacco 

Class Distinguishing characteristics No. 
plants 

10 

11 

12 

13 

Normal 379 
Flowers pale colored; slightly reduced in 9 
size and sterile; otherwise normal 
Normal height with slightly thick, dark 29 
green leaves 
Normal height; thick broad leaves with 100 
round tips; some plants sterile 
Taller than normal; long stem internodes; 59 
long, narrow leaves with sharply pointed 
tips; pale-colored, sterile flowers 
Taller than normal; long stem internodes; 14 
small, narrow leaves 
Taller than normal; long stem internodes; 10 
slightly small, light green narrow leaves; 
no petiole 
Normal height; discoloration of leaves; 1 
pale, sterile flowers 
Slightly reduced height; delayed ma- 10 
turity; slightly small, light green, thick 
leaves, somewhat broad at the base with 
sharply pointed tips 
Subnormal height; delayed maturity; 40 
slightly broad light green, thick leaves 
with somewhat curled tips and less pro- 
nounced pet!oles 
Dwarf; thin, small, narrow leaves with 2 
sharply pointed tips; sterile 
Crinkled dwarf; small, dark green, thick 45 
leaves with round tips; no flowering 
Crinkled dwarf; small, leaves long, nar- 2 
row, thick and curled leaves; no flowering 

Results 

In vitro selection o f  protoplast-derived calluses for  toxin 
resistance and regeneration o f  plants 

A good yield of  protoplasts  was o b t a i n e d  with the 
present  enzyme  system (Fig. 3 a). More t han  65% con-  

t inued  cell d ivis ion and  deve loped  in to  smal l  calluses 
wi th in  3 weeks (Fig. 3 b, c). F r o m  the large n u m b e r  of  
cell colonies formed on  the cul ture  plates (Fig. 3 d), 700 
were chosen at r a n d o m  a n d  t ransferred to LS-1 medi -  
u m  for callus growth. 
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Fig. 3. a Freshly isolated protoplasts (•  350); b First division after 3-5 days in culture (x  350); e Cell colonies that formed on the 
agar medium within 3 weeks; d Callus cluster from the cultured protoplasts; e Calluses after 4 weeks of culture on toxin medium. 
Only one colony grew on this plate (the arrow indicates the growing callus); f Plantlet regenerated from the callus that survived in e 

The lowest toxin concentration that inhibited callus 
growth was 0.05% (v/v) for the P. syringae pv. tabaci 
toxin and 0.025% (v/v) for the A. alternata pathotype 
tobacco toxin. Much higher concentrations, 1.0% for the 
former and 0.7% for the latter, were used to select 
resistant calluses. Most calluses transferred to toxin- 
containing LS-1 medium became brown and died 
within 4 weeks of  transfer (Fig. 3 e). 

Results of  our selection of  resistant calluses through 
two cycles of  selection against these toxins are given in 
Table 1. Calluses that survived after the second transfer 
to toxin-containing medium were allowed to regenerate 
plants. The number  of  plants regenerated ranged from 
4 to 30 per callus (Fig. 3 f). 

Morphological variations in regenerated plants 

Plants regenerated from resistant calluses varied in 
many of  their morphological characteristics; plant 
height, leaf shape and flower characteristics. We classi- 
fied plants visually into 13 morphological types (Ta- 
ble 2). Many of  the morphological anomalies were ac- 
companied by slow growth and reduced vigor and by 
malformed leaves, flowers and stems and /o r  poor root 

development. Such plants were particularly numerous 
among offspring regenerated from calluses that sur- 
vived the second selection cycle. However, about 70% 
of the plants obtained were normal or almost normal in 
their gross morphology. Regenerated plants were 
allowed to grow to maturity in a greenhouse. Seeds 
were collected from all fertile plants for use in the 
progeny test. 

Disease resistance of regenerated plants 

Results of  the testing response o f  the regenerated plants 
to both pathogens are given in Table 3. Plants regener- 
ated from calluses untreated with a pathogenic toxin 
were all as susceptible, that is highly susceptible, as the 
original stock of  cv. 'Samsun'. Calluses that survived 
one selection cycle produced large numbers of  plants, 
but 80-90% of  these were susceptible, or highly suscep- 
tible to the pathogen whose toxin had been used as the 
selective agent. No resistant plant was obtained from 
these calluses. 

The number  of  plants regenerated was greatly 
reduced by the passage of  two selection cycles. On the 
plants regenerated, 10 (about 13%) were resistant to 
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Table 3. Number of regenerated plants showing different reactions to infection with P. syringae pv. tabaci and A. alternata patho- 
type tobacco 

Pathogen No. selection No. calluses 
cycle isolated 

No. regenerated plants a 

R I S HS Total 

P. syringae 1 74 0 (0.0) 129 (18.4) 499 (71.2) 73 (10.4) 701 (100.0) 
tabaci 2 6 10 (12.8) 49 (62.8) 18 (23.1) 1 (1.3) 78 (100.0) 

A. alternata 1 36 0 (0.0) 74 (10.6) 619 (89.1) 2 (0.3) 695 (100.0) 
pathotype 2 5 5 (21.7) 7 (30.4) 11 (47.8) 0 (0.0) 23 (100.0) 
tobacco 

a R = resistant, I = intermediate, S = susceptible, HS = highly susceptible. In parentheses their proportion in percentage is given 

P. syringae pv. tabaci and 5 (about  22%) to A. alternata 
pathotype tobacco. The percentage of  plants  susceptible 
to each pa thogen  was greatly reduced.  These facts 
clearly show that  the use of  two cycles of  selection to 
select resistant calluses is very effective for obta ining 
resistant plants from callus. 

To determine  whether  plants  regenerated from a 
single callus vary, we classified all regenerated plants  
by their morphologica l  characteristics and  susceptibili ty 
to disease; results are shown in Table 4. Variations in 
morphological  characteristics and in react ion to disease 
do exist among plants  regenerated from a single toxin- 
resistant callus. 

Plants resistant to P. syringae pv. tabaci that  had 
been regenerated from callus No. 348 (348R plants) all 
showed the normal  morpho logy  and vigorous growth 
typical o f  the parent  'Samsun '  tobacco. Similarly, plants  
resistant to A, alternata pathotype  tobacco that  had 
been produced  from callus No. 48 (48R plants) had  
normal  morphology  and showed vigorous growth. The 
offspring of  these plants  were given the progeny test. 

Disease resistance and chromosome numbers of the 
progeny of  regenerated plants 

The progeny of  348R plants were tested for infection by 
P. syringae pv. tabaci and those of  the 48R plants  for 

infection by A. alternata pathotype  tobacco to ascertain 
whether  their resistance was heri table.  Results are 
shown in Table 5. About  26% of  the progeny  of  348R 
were resistant to wildfire disease; about  7% of  the 
control  were resistant. Approx ima te ly  9.3% of  the 
progeny of  48R plants  were resistant to Alternaria leaf  
spot; none o f  the control  plants  showed resistance to 
this disease. Our  results clearly indicate that the resis- 
tance shown by these regenerated plants  was heritable,  
and that it can be t ransmit ted  to offspring through 
sexual reproduct ion.  

The somatic  chromosome numbers  of  several 
resistant offspring were counted. All  had  the n o r m a l  
chromosome complement  ( 2 n = 4 8 )  o f  N. tabacum cv. 
'Samsun '  (Fig. 4). 

D i s c u s s i o n  

Variations in varying degrees have long been known to 
occur in cul tured tissues originat ing from the same 
source and in plants  regenera ted  from a single callus 
(Skirvin 1978). Protoplasts  can be isolated from many  
plant  species and,  in several cases, many  cultures have 
been obta ined  (Vasil 1976; Vasil et al. 1979). Intact 
plants also have been successfully regenera ted  from 

Table 4. Variations in morphological characteristics and responses to two pathogens in plants regenerat- 
ed from individual toxin-resistant calluses 

Selective Isolation no. No. regenerated Morphological 
toxin from of original plants type a 

callus 

Disease reaction b 

R I S H S  

P. syringae 87 4 4 - 2 2 - 
tabaci 282 4 2 1 2 1 - 

315 37 12 - 37 - - 
348 12 1, 4, 6 3 4 4 1 
355 21 9, 10 6 4 11 - 

,4. alternata 48 10 3 3 5 2 - 
Pathotype 458 5 3, 4 2 1 2 - 
Tobacco 496 5 12 - - 5 - 

500 3 13 - 1 2 - 

a Refer to Table 2 b R = resistant, I = intermediate, S = susceptible, HS = highly susceptible 



214 P. Thanutong et al.: Selection of disease resistant plants from tobacco protoplasts 

Table 5. Response of R1 progenies to infection by P. syringae pv. tabaci and A. alternata pathotype to- 
bacco 

Pathogen Parent" No. progeny Reaction to pathogenb % resistant 
tested 

R I S 

P. syringae 348R 1913 498 
pv. tabaci Control 206 14 

(cv. 'Samsun') 

A. alternata 48R 461 43 
Pathotype Control 60 0 
Tobacco (cv. 'Samsun') 

1415 26.0 
192 6.8 

81 347 9.3 
8 52 0.0 

a 348R; plants regenerated from callus no. 348, being resistant to P. syringae pv. tabaci, 48R; plants re- 
generated from callus no. 48, being resistant to A. alternata pathotype tobacco 
b R = resistant, I = intermediate, S = susceptible 

Fig. 4. Chromosomes from a root tip cell of a regenerated 
plant showing the normal chromosome complements (2n = 48) 
of tobacco plants 

protoplasts  o f  several impor tan t  crops (Kar tha  et al. 
1974; Xu et al. 1982), in which plants there have been 
many  morphologica l  variants. 

In 1971, Takebe et al. reported morphological malforma- 
tions and chromosomal aberrations among plants regenerated 
from tobacco mesophyll protoplasts. Similar regenerate 
variability has been reported for other plants, including potato 
and rape (Kao etal. 1970; Butenko and Kuchko 1979; 
Shepard et al. 1980). 

Wenzel et al. (1979), however, assumed homogeneity of a 
protoclonal plant population derived from a diploid potato 
line. 

In our study, morphologically as well as physiologically 
different tobacco plants were produced from leaf protoplast- 
derived calluses without mutagenic treatment (Table 2). Our 
results are comparable to those of Takebe et al. (1971): A two- 
cycle selection of calluses for resistance to P. syringae pv. 
tabaci and A. alternata pathotype tobacco toxins gave resistant 
regenerates at frequencies as high as 13% for the former toxin 
and 22% for the latter. Carlson (1973) obtained tobacco 
mutants resistant to wildfire disease by selecting cell lines 
resistant to methionine sulfoximide, which produces the same 

chlorotic haloes on tobacco leaves as does the bacterial 
wildfire toxin (Braun 1955). 

In sugarcane, 15-20% of the plants regenerated from 
calluses or suspension cell cultures were found resistant to 
both Helminthosporium sacchari and its toxin helminthosporide 
(Heinz 1973). Some clones of these regenerates also were 
resistant to mosaic virus (Nickel1 and Heinz 1973), Fiji disease 
and downy mildew (Heinz et al. 1977). 

In vitro screening of calluses resistant to T-toxin produced 
maize plants with increased resistance to Helminthosporium 
maydis (Gengenbach and Green 1975; Gengenbach etal. 
1977). In potato, Shepard and his co-workers (1980) reported 
that 1-2% of the plants raised from mesophyll protoplasts 
were strikingly more resistant to the early blight disease 
caused by A lternaria solani, or to the late blight disease caused 
by races of Phytophthora infestans, than the parent, 'Russett 
Burbank'. Behnke (1979, 1980a, b) selected potato cell lines 
that survived on medium containing ofP. infestans or Fusarium 
oxysporum culture filtrate and obtained plants from these cell 
lines that showed weak symptoms. Recently, Sacristan 0982) 
produced rape plants resistant to the pathogen, Phoma lingam, 
from cell cultures selected and unselected by the pathogen's toxin. 

All these cited results and our repor ted  ones in- 
dicate that the var iabi l i ty  in various characters, in- 
cluding disease resistance, found among regenerates,  
might be present beforehand in the cells from which 
the plants were derived. It is also possible that ce l l  or 
callus cultures, or both, might cause genetic al terations 
in the cells of  a callus or in regenerated plants. 

In fact, variants exist in plants regenerated from 
callus of  single cell origin (Table 4). In these cases, 
genetic differences most p robab ly  would be generated 
during cell division in vitro. Nevertheless, toxin-selected 
calluses do yield a high percentage of  disease resistant 
plants. 

Self-fertilization o f  regenerated plants proved resis- 
tance to both the pathogen and its toxin produced  
resistant plants that ranged from 9-26% f the offspring 
that retained the same degree o f  resistance to the 
pathogen. This is evidence that resistance to both 
P. syringae pv. tabaci and A. alternata pathotype 
tobacco is t ransmit ted to the R1 progeny through sexual 
reproduction.  
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The segregation da ta  obta ined  for the R1 generation,  
however, are not  significant for de te rmin ing  the mode  
o f  inheri tance of  new traits because the parenta l  resis- 
tant regenerates are suspected to be chimeric.  Genet ic  
analysis is needed  to clarify this point.  

Acknowledgements. This work was supported by the Grant-in- 
Aids for Co-operative Research (no. 57390013) and for Devel- 
opment Scientific Research (No. 57860010) from the Ministry 
of Education, Science and Culture, Japan. We thank Professor 
S. Nishimura, Laboratory of Plant Pathology, Nagoya Uni- 
versity, for kindly supplying the strain of A. alternata and for 
his kind suggestions. We also wish to thank Dr. K. Ono, 
Okayama Tobacco Experiment Station, for kindly supplying 
the virulent strain of P. syringae. We wish to thank Mrs. Y. 
Yamada for correcting the English in the text. 

References 

Behnke M (1979) Selection of potato callus for resistance to 
culture filtrates of Phytophthora infestans and regeneration 
of plants. Theor Appl Genet 55: 69-71 

Behnke M (1980a) General resistance to late blight of Sola- 
num tuberosum plants regenerated from callus resistant to 
culture filtrates of Phytophthora infestans. Theor Appl 
Genet 56:151-152 

Behnke M (1980b) Selection of dihaploid potato callus for 
resistance to the culture filtrate of Fusarium oxysporum. Z 
Pflanzenziicht 85:254-258 

Braun AC (1955) A study on the mode of action of the wildfire 
toxin. Phytopathology 45:659-664 

Brettel RIS, Ingram DS (1979) Tissue culture in the production 
of novel disease resistant crop plants. Biol Rev 54:329-345 

Butenko RG, Kuchko AA (1979) Physiological aspects of 
procurement, cultivation and hybridization of isolated 
potato protoplasts. Fiziol Rast 26:1110-1119 

Carlson PS (1973) Methionine-sulfoximine-resistant mutants 
of tobacco. Science 180:1366-1368 

Chaleff RS, Parsons MF (1978) Direct selection in vitro for 
herbicide resistant mutants of Nicotiana tabacum. Proc 
Natl Acad Sci USA 75:5104-5107 

Gengenbach BG, Green CE (1975) Selection of T-cytoplasm 
maize callus cultures resistant to Helminthosporum maydis 
race T pathotoxin. Crop Sci 15:645-649 

Gengenbach BG, Green CE, Donovan CM (1977) Inheritance 
of selected pathotoxin-resistance in maize plants regen- 
erated from cell cultures. Proc Natl Acad Sci USA 74: 
5113-5117 

Harrigan WF, McCarce EM (1966) Laboratory methods in 
microbiology. Academic Press, London New York San 
Francisco 

Heinz DJ (1973) Sugarcane improvement through induced 
mutations using vegetative propagules and cell culture 
techniques. In: Induced mutations in vegetatively propa- 
gated plants. Int Atomic Energy Agency, Vienna, pp 53-59 

Heinz DJ, Krisshnamurthi M, Nickell LG, Maretzki A (1977) 
Cell, tissue and organ culture in sugarcane improvement. 
In: Reinert J, Bajaj YPS (eds) Applied and fundamental 
aspects of plant cell, tissue and organ culture. Springer, 
Berlin Heidelberg New York, pp 3-17 

Kao KN, Miller RA, Gamborg OL, Harvey BL (1970) Varia- 
tions in chromosome number and structure in plant cells 
grown in suspension cultures. Can J Genet Cytol 12: 
297-301 

Kartha KK, Michayluk MR, Kao KN, Gamborg OL, Con- 
stabel F (1974) Callus formation and plant regeneration 
from mesophyll protoplasts of rape plants (Brassica napus 
L. cv. 'Zephyr'). Plant Sci Lett 3:265-271 

Linsmaier ME, Skoog F (1974) Organic growth factor require- 
ment of tobacco tissue cultures. Physiol Plant 18: 100-127 

Maliga P, Breznovits S, Marton L, Job F (1975) Nonmendelian 
streptomycin-resistant tobacco mutant with altered chloro- 
plasts and mitochondria. Nature (London) 255:401-402 

Maliga P (1978) Resistant mutants and their use in genetic 
manipulation. In: Thorpe TA (ed) Frontiers of plant tissue 
culture. Int Assoc Plant Tissue Culture, Calgary, pp 381-392 

Marton L, Maliga P (1975) Control of resistance in tobacco 
cells to 5-bromodeoxyuridine by a simple mendelian fac- 
tor. Plant Sci Lett 5:77-81 

Mattern U, Strobel G, Shepard J (1978) Reaction to phyto- 
toxins in a potato population derived from mesophyll 
protoplasts. Proc Natl Acad Sci USA 75:4935-4939 

Nagata T, Takebe I (1971) Planting of isolated tobacco meso- 
phyll protoplasts on agar medium. Planta 99:12-22 

Nickell LG, Heinz DJ (1973) Potential of cell and tissue 
culture techniques as aids in economic plant improvement. 
In: Seb AB (ed) Gene, enzymes and populations. Plenum, 
New York, pp 109-128 

Palacco JC, Palacco ML (1977) Inducing and selecting a 
valuable mutation in plant cell culture: a tabacco mutant 
resistant to carboxin. Ann NY Acad Sci 287:385-400 

Sacristan MD (1982) Resistance responses to Phoma lingam of 
plants regenerated from selected cell and embryogenic cul- 
tures of haploid Brassica napus. Theor Appl Genet 61: 
193-200 

Shepard JF, Bidney D, Shahin E (1980) Potato protoplasts in 
crop improvement. Science 208:17-24 

Siegemund F (1981) Selektion von Resistenzmutanten in 
pflanzlichen Zellkulturen, eine Obersicht. Biol Zentralbl 
100:155-165 

Simons MD (1979) Modification of host-parasite interactions 
through artificial mutagenesis. Ann Rev Phytopathol 17: 
75-96 

Skirvin RM (1978) Natural and induced variation in tissue 
culture. Euphytica 27:241-266 

Takabe I, Labib G, Melchers G (1971) Regeneration of whole 
plants from isolated mesophyll protoplasts of tobacco. 
Naturwissenschaften 58: 318-320 

Thomas E, King PJ, Potrykus I (1979) Improvement of crop 
plants via single cells in vitro an assessment. Z Pflanzen- 
ziicht 82:1-30 

Umiel N (1979) Streptomycin-resistance in tobacco. 3. A test 
on germinating seedlings indicates cytoplasmic inheritance 
in the St-R701 mutant. Z Pflanzenphysiol 92: 295-301 

Vasil IK (1976) The progress, problems, and prospects of plant 
protoplast research. Adv Agron 28:119-160 

Vasil IK, Vasil V, White DWR, Berg HR (1979) Somatic 
hybridization and genetic manipulation in plants. In: Scott 
TK (ed) Plant regulation and world agriculture. Plenum, 
New York, pp 63-84 

Wenzel G, Schieder O, Prezewzny T, Sopony SK, Melchers G 
(1979) Comparison of single cell culture derived Solanum 
tuberosum L. plants and a model for their application in 
breeding programs. Theor Appl Genet 55:49-55 

Widholm JM (1977) Selection and characterization of amino 
acid analog resistant plant cell cultures. Crop Sci 17:597-600 

Wooley DW, Pringle RB, Bratln AC (1952) Isolation of the 
phytopathogenic toxin of Pseudomonas tabaci, an antago- 
nist ofmethionine. J Biol Chem 197:409-417 

Xu ZH, Davey MR, Cocking EC (1982) Plant regeneration 
from root protoplasts of Brassica. Plant Sci Lett 24:117-121 


