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ABSTRACT
Wright, J. C., and Lacy, M. L. 1988. Increase of disease resistance in celery cultivars by
regeneration of whole plants from cell suspension cultures. Plant Disease 72: 256-259.

Callus cultures started from axillary buds of celery cultivars Florida 683 and Tall Utah 52-70 HK
were used to initiate shaken liquid cultures of single plant cells and cell clumps. Whole plants
(somaclones) regenerated from embryoids formed in shaken cultures were screened in the
greenhouse for reaction to three fungal and one bacterial pathogen of celery: Septoria apiicola (late
blight), Cercospora apii (early blight), Fusarium oxysporum f. sp. apii (Fusarium yellows), and
Pseudomonas cichorii (bacterial blight). Regenerated plants varied from highly susceptible to
highly resistant to all four pathogens, whereas parent plants of Florida 683 were uniformly highly
susceptible to all pathogens. Parent plants of Tall Utah 52-70 HK were moderately resistant to the
Fusarium yellows pathogen and highly susceptible to the remaining pathogens. Resistance to a
given pathogen appeared to arise independently from resistance to other pathogens, since plants
were rarely found with high resistance to two or more pathogens. This technique may become an
important way of introducing disease resistance into susceptible cultivars of celery.

Somaclonal variation, first noted in
tobacco (19,23), has been reported in
several plant species (7,10-14). Plants
showed differences in phenotypic or
genotypic traits after regeneration of
whole plants from callus or single cells
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derived from axillary buds from a single
parent plant. Cytogenetic variations have
also been observed in regenerated plants
(1,5,15,26).

These observations led to screening of
somaclonal progeny for agronomically
valuable traits. Plant cells have produced
somaclones resistant to the herbicides
paraquat (17,27) and asulam (16) and to
the plant pathogens Phytophthora
infestans (Mont.) de Bary (2,10,24,29),
Alternaria solani Sorauer (10), Sclero-
spora sacchari Miyaki, Helminthosporium
sacchari (B. de Haan) Butler (8,10-14),
and Fusarium oxysporum f. sp. apii

(R. Nelson & Sherb.) Snyd. & Hans. (22).

This research was undertaken to
determine whether variation in disease
responses to four celery (Apium graveolens
L. var. dulce (Miller) Pers.) pathogens
occurs in celery somaclones regenerated
from cell suspension cultures.

MATERIALS AND METHODS

Celery cultivars Florida 683 and Tall
Utah 52-70 HK were chosen for this work
because Florida 683 is highly susceptible
to Fusarium yellows, caused by F. o. f.
sp. apii race 2, whereas Tall Utah 52-70
HK is considered to be moderately
resistant (6); high levels of resistance to
Fusarium yellows do not exist in
commercial celery. These two cultivars
are highly susceptible to leaf blights
caused by Cercospora apii Fres.,
Septoria apiicola Speg., and Pseudomonas
cichorii (Swing.) Stapp (28). No resistance
exists to these leaf blights.

Our methods of inducing callus,
growing cells, and regenerating plants
were similar to those of Rappaport et al
(22). Axillary buds from 10-wk-old
plants of Florida 683 and Tall Utah 52-70
HK were excised, surface-sterilized with
0.525% sodium hypochlorite for 10 min,



rinsed twice with sterile double-distilled
water, and placed on modified Murashige-
Skoog (MS) medium (19) containing, per
liter, 10 g of agar, 20 g of sucrose, 2 g of
glycine, 100 mg of myoinositol, 0.5 mg of
nicotinic acid, 0.5 mg of pyridoxine
hydrochloride, 0.1 mg of thiamine, 1 mg
of (2,4-dichlorophenoxy)acetic acid (2,4-
D), and 2 mg of benzyladenine in 9-cm
petri dishes after the method of
Rappaport et al (22). Four to five weeks
after buds were placed on agar and callus
had formed from the buds, the callus was
transferred to 100 ml of MS liquid
medium in 250-ml Erlenmeyer flasks.
This medium differed from the above by
omission of agar, reduction of the 2,4-D
to 0.5 mg/ L, and substitution of 0.1 mg of
kinetin for benzyladenine. The flasks of
callus liquid medium were incubated ona
rotary shaker at 100 rpm in the dark at
22-24 C. Suspensions of predominantly
single cells and cell clumps formed in the
liquid cultures. These were subcultured
and examined for embryoid formation
every 2 wk. When embryoids had
formed, usually after 89 wk, 1.5-ml
samples from liquid medium containing
embryoids were transferred to petri
dishes of solid modified MS medium
containing 1% agar but without 2,4-D or
kinetin. These embryoids were incubated
in 12 hr light/ 12 hr dark at 22-24 C until
plantlets were regenerated.

We assumed that most embryoids
formed from single cells because the cell
suspensions were predominantly of
single cells, but we could not be certain
whether embryoids arose from single
cells or clumps of cells. Plantlets arising
from embryoids were transferred to fresh
MS agar every 4 wk until large enough to
transplant into soil. When plantlets were
3-4 cm high from the base of the stem to
the uppermost leaf, they were transplanted
into a commercial potting mix (peat/
perlite/ vermiculite, 1:1:1, pH 5.2) and
placed in 200-ml Styrofoam cups with
drain holes punched in the bottom. Cups
were placed in plastic bags, and the tops
of the bags were sealed to keep the
humidity high. After 1 wk, a small hole
was made in each bag, and the hole was
enlarged each week for 4 wk until the
plants were completely exposed to the
greenhouse environment.

When plantlets were approximately 20
cm tall, one of two compound leaves of
each somaclone was sprayed with 3 ml of
aqueous suspensions of conidia (5 X 10°
conidia/ml) of either S. apiicola (incitant
of late blight) or C. apii (incitant of early
blight). The other leaves were shielded
with a plastic bag while the spore
suspension was applied. A third leaf was
inoculated with P. cichorii by placing a
drosp of aqueous bacterial cell suspension
(10° cells/ ml) onto individual leaflets of
the petiole, then immediately pricking
leaflets with a device containing six
needles spaced within a 4-cm’ area.
Spore suspensions of S. apiicola were

obtained by soaking infected celery
leaves containing pycnidia in distilled
water for 15 min and diluting the
suspension to 5 X 10° conidia/ml. Spore
suspensions of C. apii were obtained
from cultures grown on carrot leaf agar
for 2 wk, washed with distilled water to
obtain conidia, and diluted to 5 X 10°
conidia/ml (18). The bacterial cell
suspension was obtained by growing P.
cichorii on nutrient agar for 1 wk,
washing the plates with distilled water,
and diluting the cell suspension to 10°
cells/ ml.

After inoculations, somaclones were
placed into a mist chamber in the
greenhouse with intermittent mist (on 15
min, off 15 min) to keep the leaves wet for
4 days. Somaclones were transplanted
into 4-in. pots containing muck soil
naturally infested with F. o. f. sp. apii
race 2, incitant of Fusarium yellows, and
placed on benches under a 14-hr
photoperiod at temperatures of 20-25 C.
Plants grown from seeds of Florida 683
and Tall Utah 52-70 HK were used as
controls in somaclone evaluations.

Plants were rated visually for disease
responses. Ratings for early, late, and
bacterial blights were made 3 wk after
inoculation on a scale of 1-5, with 1 =
highly resistant (<1% diseased tissue), 2
= moderately resistant (1-5%), 3
moderately susceptible (6-25%), 4
susceptible (26-50%), and S = highly
susceptible >50%). Ratings for Fusarium
yellows were made 10 wk after trans-
plantation on a scale of 1-5, with 1 =
<19% vascular discoloration, 2= 1-5%, 3

([l]

=6-10%, 4 = 11-25%, and 5 = >259%, of
crown tissue discolored.

RESULTS

Somaclones of Florida 683 celery
obtained from cell suspension cultures
(254 plants) gave varying disease
responses to early blight, late blight,
bacterial blight, and Fusarium yellows
(Table 1). Twelve plants (4.7%) appeared
to be moderately resistant to early blight,
whereas the rest were susceptible. Two
plants (0.8%) were highly resistant to late
blight, one (0.4%) was moderately
resistant, and the rest were susceptible.
Four somaclones (1.6%) were highly
resistant to bacterial blight, 23 (9.1%)
were moderately resistant, and the rest
were susceptible. Nine somaclones
(3.5%) were highly resistant to Fusarium
yellows, 17 (6.7%) were moderately
resistant, and the rest were susceptible.
Control plants grown from seed were
susceptible or highly susceptible to all
four pathogens.

Somaclones of Tall Utah 52-70 HK
produced from cell suspension cultures
(148 plants) also gave varying disease
responses to early blight, late blight,
bacterial blight, and Fusarium yellows
(Table 2). One plant (0.7%) was highly
resistant to early blight, two (1.4%) were
moderately resistant, and the rest were
susceptible; control plants grown from
seed were susceptible to highly susceptible.
One plant (0.7%) was highly resistant to
late blight, three (2.0%) were moderately
resistant, and the rest were susceptible;
control plants were all highly susceptible.

Table 1. Disease response of celery cv. Florida 683 somaclones regenerated from cell suspension
cultures and inoculated with four pathogens in the greenhouse

Number of plants in each class

Cercospora apii

Septoria apiicola  Pseudomonas cichorii

Fusarium oxysporum
f. sp. apii race 2

Disease Soma- Soma- Soma- Soma-
rating’ Controls® clones Controls clones Controls clones Controls clones
1 0 0 0 2 0 4 0 9
2 0 12 0 1 0 23 0 17
3 0 76 0 29 0 64 0 57
4 5 64 0 48 6 57 2 89
5 20 102 25 174 19 106 23 82

*Disease rating: | = <19 diseased tissue, 2 = 1-5%, 3 = 6-25%, 4 = 26-50%, and 5 = >50%.

"Plants grown from seed.

Table 2. Disease response of celery cv. Tall Utah 52-70 HK somaclones regenerated from cell
suspension cultures and inoculated with four pathogens in the greenhouse

Number of plants in each class

Cercospora apii

Septoria apiicola Pseudomonas cichorii

Fusarium oxysporum
f. sp. apii race 2

Disease Soma- Soma- Soma- Soma-
rating’ Controls® clones Controls clones Controls clones Controls clones

1 0 1 0 | 0 4 0 41

2 0 2 0 3 0 14 22 50

3 0 41 0 18 0 27 3 29

4 8 40 0 20 4 37 0 22

5 17 64 25 106 21 66 0 6

“Disease rating: 1 = <1% diseased tissue, 2 = 1-5%, 3 = 6-25%, 4 = 26-50%, and 5 = > 50%.

®Plants grown from seed.
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Four somaclones (2.7%) were highly
resistant to bacterial blight, 14 (9.5%)
were moderately resistant, and the rest
were susceptible; control plants were
susceptible to highly susceptible. Forty-
one somaclones (27.7%) were highly
resistant to Fusarium yellows, 50 (33.8%)
were moderately resistant, and the rest
were susceptible; almost all control
plants were moderately resistant.

In order to determine the influence of
increased resistance to one disease on
reaction in the same plant to other
diseases, the disease reactions of 16
somaclones whose resistance to C. apii
had increased from highly susceptible to
moderately or highly resistant were used
as controls (Table 3). Correlation
coefficients were determined between
disease reactions to C. apii and to the
other three pathogens, using individual
somaclones as observations. Correlations
between resistance to C. apii and
resistance to S. apiicola (r = 0.19),

" P. cichorii (r=0.31), and F. o. {. sp. apii

race 2 (r = 0.20) were low, indicating
there was not a strong relationship
between resistance to C. apii and
resistance to other diseases.

DISCUSSION

Even though highly resistant responses
to C. apii, S. apiicola, P. cichorii, and F.
o. f. sp. apii race 2 were found in
relatively few somaclones produced from
cell suspension cultures, such responses
may be significant. These cell cultures
may have greater potential than callus to
produce recoverable genetic mutations
because mutated cells are not influenced
by surrounding cells as in callus cultures.

Highly resistant plants appeared at a
higher frequency in this study when the

parent material was moderately resistant.
Although both celery cultivars were
highly susceptible to early, late, and
bacterial blights, Tall Utah 52-70 HK had
moderate resistance to Fusarium yellows.
Parental material that was typically
susceptible to Fusarium yellows produced
highly resistant plants less frequently
than more resistant material. Plants
showing increased resistance to Fusarium
yellows have been vernalized and selfed,
and seed progeny from these plants are
being screened in the field for resistance
to Fusarium yellows to determine if the
resistance is stable and heritable.

In this study, no chemical or other
mutagens were employed, although this
isa common process for producing mutant
cell lines that give rise to desired plant
traits (10). None of the pathogens used
produced a known characterized toxin or
growth inhibitor that would allow for
direct selections of resistant cells.

Recent work has shown that the source
of somaclonal variation in celery is
probably chromosome loss, chromosome
deletion, chromosome inversion, or
chromosome translocation (21). Inliquid
culture, single plant cells are genetically
unstable (23). Cells from celery suspension
cultures have produced cells that are
polyploid, aneuploid in the hypodiploid
range (2n< 22), or in excess of 2n=22(3)
and also cells that have lost chromosome
segments (20). These cytogenetic vari-
ations are usually seen at anaphase in
which chromatin bridges, lagging
chromosomes, and multipolar spindles
play a role in chromosome number
variation (1,26).

Regenerated plants do not usually
reflect the full range of cytogenetic
abnormalities reported in cultured cells,

Table 3. Interactions of disease responses to four pathogens in celery somaclones

Disease rating®

Fusarium
oxysporum
Somaclone Cercospora Septoria Pseudomonas f. sp. apii
number Source apii apiicola cichorii race 2
34 HK"® 2 5 4 1
355 HK 2 5 5 2
381 HK 1 5 3 2
38 683° 2 5 5 1
62 683 2 4 3 2
73 683 2 5 4 3
83 683 2 4 2 5
101 683 2 5 S 4
121 683 2 2 5 S
156 683 2 5 5 S
187 683 2 4 5 3.
237 683 2 1 4 4
256 683 2 4 5 4
302 683 2 S 4 3
392 683 2 4 4 1
454 683 2 4 3 S
r values® 0.19 0.31 0.20

*Disease rating: | = <19 diseased tissue, 2 = 1-5%, 3 = 6-25%, 4 = 26-50%, and 5 = >50%.

®Cultivar Tall Utah 52-70 HK.
¢Cultivar Florida 683.

“Correlation coefficients between C. apii disease ratings and other disease ratings.
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indicating that some genotypes do not
survive long enough for regeneration to
take place. Production of numbers of
somaclones not showing disease responses
different from those of parent material
was probably because cells that have not
been subjected to drastic changes in
genetic material are able to regenerate
into whole plants, whereas many other
cells may have lost the capacity to
differentiate into whole plantlets because
of lethal genetic changes. This hypothesis
was supported by the work of Browers
and Orton (4), who found that callus
containing 70% nondiploid cells failed to
regenerate into plants.

Plant improvement via somaclonal
variation can exploit genetic changes that
occur in cultured cells. This is a new and
useful source of genetic variation that has
become available since somaclonal
variation traits have been shown to be
heritable (8—14,25). Somaclonal variation
may help in the production of more
vigorous disease-resistant celery lines
faster than would be possible with
conventional breeding and selection
methods.
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