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Is the Phytophthora citrophthora culture filtrate a reliable tool
for the in vitro selection of resistant Citrus variants?*
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Summary. Nucellar calli from four Citrus cultivars with
known resistance to the Phytophthora citrophthora
pathogen were chosen as experimental material to test
the pathogen’s response to culture filtrate (CF). Sensi-
tivity of the four calli to CF of the fungus was in
reverse order to what is known on the susceptibility of
the cultivars in vivo. Sensitivity of protoplasts derived
from the same four calli to 2,4-dichlorophenoxyacetic
acid (2,4-D) was in the same order as that of calli to
CF. Protoplasts derived from calli selected for tolerance
to CF showed a higher plating efficiency with in-
creasing concentration of CF in the medium. TLC and
GLC determinations showed the presence of indole
acetic acid in the culture filtrate. Results indicate that
CF of P. citrophthora cannot be used as a selection tool
in vitro.
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Introduction

During the last few years attempts have been made to
obtain resistant plants from selection at the cellular
level (Behnke 1979, 1980 a, b; Sacristan 1982).

There are two prerequisites for successful selection in
vitro: an effective selective agent and a reliable cell-to-plant
regeneration system. In order to obtain disease-resistant plants
by plating cells on toxin-containing medium, a causal relation-
ship of the toxin to pathogenecity must be ascertained. Only a
few of the toxins produced by fungal and bacterial pathogens
have been investigated to the extent that their role in patho-
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genicity has been established and clearly defined by critical
experimentation (Gregory etal. 1980; Yoder 1980; Durbin
1981; Walton and Earle 1984). Those fungal toxins which clearly
indicated to be causal agents of diseases are host-specific
toxins (Kono etal. 1981; Walton and Earle 1984). Indeed,
when a large number of cells were exposed to host-specific
toxins and an efficient cell-to-plant regeneration system was
available, disease-resistant plants were obtained (Durbin
1981). Selection of maize cell cultures resistant to culture
filtrate of Helminthosporium maydis race T and subsequent
regeneration of plants seems to be a significant accomplish-
ment in invitro selection (Gengenbach etal. 1977; Bretell
et al. 1980). Recently, successful in vitro selection of rice to H.
oryzae (Ling etal. 1985) and Avena sativa to H. victoriae
(Rines and Luke 1985) has been reported. In some cases when
the toxin was not purified, culture filtrates or partially purified
toxin were used for selection in vitro (Behnke 1980b; Matern
etal. 1978; Shepard et al. 1980; Sacristan 1982).

Various Phytophthora spp. have been shown to
secrete phytotoxin metabolites in culture (Behnke 1979,
1980b; Plich and Rudnicki 1979; Deaton et al. 1982)
P. citrophthora (Sm. et Sm. Leonian) is the causal agent
of trunk gummosis, collar and root rot, dumping-off
and brown rot of Citrus spp. A culture filtrate of this
fungus has been reported to contain both high and low
molecular weight non-specific phytotoxic components
(Breiman and Barash 1981; Breiman and Galun 1981).
The development of the full sequence from isolated
protoplasts to morphologically normal plants with vari-
ous Cirrus cultivars and species (Vardi et al. 1982) has
enabled us to test the reliability of using P. citrophthora
culture filtrate as an in vitro selection tool.

Materials and methods
Selection procedure

Nucellar-derived callus lines of four Citrus cultivars (Vardi
et al. 1982) were used: ‘Sour orange’ (C. aurantium L.), ‘Mur-
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cott’” mandarin (C. reticulata Blanco), ‘Shamouti’ orange (C.
sinensis (L.) Osbeck) and ‘Villafranca’ lemon (C. limon (L}).
Burm). The calli were maintained on solidified (1% agar)
Murashige and Tucker’s (1969) basal medium (BM) without
hormones.

About 60 callus pieces (approximately 10 mg each) were
each placed in 9 cm Petri dish containing either BM or BM
supplemented with filter-sterilized culture filtrate (CF) of
Phytophthora citrophthora. The CF was prepared as reported
by Breiman and Barash (1981). The CF was concentrated by
flask evaporation at 40°C to 30% of the original volume. The
pH of the concentrated filtrate was 5.9-6.0. Volume ratios of
concentrated CFto BM were 1:2and 1:1 (or 0.3 and 0.5).

Dishes were sealed with parafilm and incubated at 26+
1°C, with 16 h/day of dim light. The best growing calli were
selected for three passages of 4 weeks each, and then pro-
pagated for further selection and protoplast isolation.

Protoplast isolation and culture

Protoplast isolation and culture were as described by Vardi
etal. (1982). Protoplasts were plated in 6 cm Petri dishes
containing BM medium with or without CF. Colony formation
was scored as described by Vardi and Raveh (1976), 45 weeks
after plating.

Indole-3-acetic acid (I4A) analysis. Radioactive indole-3-acetic
acid (50 pl TAA-2-C*, specific activity of 54 mCi/mmol, which
contained 0.72 pg of IAA) was added to the filtrate of the
fungus. The filtrate was brought to pH 3.0 with 10 N HCl; it
was then extracted three times with ethyl acetate; the pooled
ethyl acetate was extracted with 0.1 N sodium bicarbonate
which was then acidified with 10 N HCl to pH 3.0, and again
extracted with ethyl acetate as described above. The ethyl
acetate was dried with sodium sulfate (Na,SO,) and evapo-
rated to dryness. Further procedures of purification with
HPLC, with pentafluorotoluene, TLC and gas liquid chroma-
tography, and a final calculation by the isotope dilution
method, were performed as described previously (Epstein and
Cohen 1981). The GLC was done on a Varian 3300 equipped
with an electron capture detector and connected to a Spectra
Physics integrator model 4270. The column was a fused silica
12 Mx 0.32 mm ID, SE-30 stationary phase capillary column.
Oven temperature was 180°, injector temperature 250°, and
detector temperature 280°C. A standard of fluorinated IAA
was prepared from the radioactive IAA and its concentration
was calculated from its radioactivity and specific activity. This
standard was used for computing the amount of 1AA in the
samples obtained from the HPLC peaks.

Results

In vitro response of nucellar calli for resistance to toxin

Calli from four Citrus varicties with known tolerance to
the P. citrophthora pathogen (Klotz 1978) were selected
for the experiment: ‘Sour orange’ — resistant, “Murcott’
mandarin — moderately susceptible, ‘Shamouti’ orange
~ susceptible, and “Villafranca’ lemon - highly suscepti-
ble.

Calli pieces were plated on media containing CF as
described in “Material and methods”. The growth of
calli from all four cultivars was drastically reduced in
the presence of CF and a complete inhibition of growth

occurred in ‘Sour orange’ and “Murcott’ mandarin calli.
Several attempts to grow these two calli in the presence
of CF were unsuccessful. The fresh weight of non-
selected ‘Villafranca’ callus growing in the presence of
the two CF concentrations used was reduced by 86%
compared with the control whereas in the case of
‘Shamouti’, 0.33 CF reduced growth by 61% and 0.5 CF
by 90% (Figs. 1 and 2).

Recurrent selection through three passages on media
containing 0.33 CF was pursued with the ‘Shamouti’
orange and ‘Villafranca’ lemon. The best growing calli
were multiplied for further experiments at the proto-
plast level.

The effect of CF on selected and nonselected
callus-derived protoplasts

Protoplasts were isolated from selected and nonselected
calli of ‘Shamouti’ orange, ‘Villafranca’ lemon and
nonselected callus of ‘Murcott” mandarin. The proto-
plasts were plated in media containing 0.03, 0.06 and
0.12 parts of the original concentrated CF. Plating
efficiency obtained from nonselected protoplasts of
‘Shamouti’ orange and ‘Villafranca’ lemon showed a
slight stimulation effect at 0.03 CF and reduction at
0.12 CF compared with the control. Nonselected ‘Mur-
cott’ protoplasts were found to be highly sensitive to CF
(Fig. 3).

The plating efficiency of protoplasts derived from
the selected calli increased as a function of CF con-
centration and reached 170% and 1,070%, compared
with the control at 0.12 CF for ‘Shamouti’ orange and
‘Villafranca’ lemon, respectively (Fig. 3). It seems that

o
o

GROWTH AS PERCENT OF CONTROL
o
=]
i

0 0.33 0.5
CULTURE FILTRATE CONCENTRATION

3’

Fig. 1. Growth of nonselected nucellar calli of ‘Villafranca
lemon (Q7), ‘Shamouti’ orange (4), ‘Murcott’ mandarin () and
‘Sour orange’ (@) as a function of CF concentration. Data are
fresh weight values after 1 month of growth, expressed as per-
cent of control (=100%)
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Fig. 3. Plating efficiency of protoplasts derived from nonselect-
ed calli of ‘Murcott’ mandarin (2), ‘Shamouti’ orange (0) and
“Villafranca’ lemon (0) and from selected calli of ‘Shamouti’
(m) and *Villafranca’ (@) on media containing different concen-
trations of CF. Data are percent relative to control (= 100%)
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Fig. 2. Growth of nucellar callus of Citrus
of medium with (/efr) and without culture
filtrate (right). Top ‘Shamouti’ orange; bot-
tom: ‘Sour orange’

the ability of protoplasts from selected calli to divide
and form colonies becomes highly dependent on the
presence of CF in the media.

The effect of 2,4-dichlorophenoxyacetic acid
on plating efficiency

The vast increase in the plating efficiency of protoplasts
derived from calli which were selected for CF-tolerance
was rather unexpected. Furthermore, the dependence
of selected cells on the selective factor was strikingly
similar to the observation of Spiegel-Roy et al. (1983),
who found that Shamouti calli selected for 2,4-D
tolerance became dependent on this hormone. It
should also be noted that all the protoplasts derived
from the tested nucellar calli (non-selected) of Citrus do
not require auxin in their culture medium (Vardi et al.
1982) and that the addition of auxin to the medium
actually inhibits cell division (Vardi and Raveh 1976).
To test the possible auxin-like effect of CF, we
performed the following experiment: protoplasts from
the four tested citrus varieties were plated on culture
media with increasing amounts of 2,4-D. The results are
presented in Table 1. It can be seen that ‘Murcott’
protoplast cell division is completely inhibited in the
presence of the lowest 2,4-D concentration (0.5ppm)
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Table 1. The effect of 2,4-D on plating efficiency of protoplasts derived from ‘Villafranca’ lemon,
‘Shamouti’ orange, ‘Murcott” mandarin and ‘Sour orange’ callus lines. 2,4-D concentrations are given
in ppm. Data are presented as number of colonies per ml, scored 5 weeks after plating. Percent of

control (=100%) is given in parentheses

Callus line Control 2,4-D (ppm)
0.5 1 2 4 8
‘Villafranca’ lemon 7,318 5,045 3,727 1,182 955 733
(6893)  (5093)  (16.15) (13.05)  (10.56)
‘Shamouti’ orange 3,639 955 545 409 0 0
(2624)  (1497)  (11.24)
‘Murcott’ mandarin 5,082 0 0 0 0
‘Sour orange’ 7,545 1,272 0 0 0
(16.85)
A B C The similarity in response to both CF and synthetic
auxin led us to assume that an auxin-like substance
CF Extract |IAA Stondard A+B may be present and active in the CF.
.
Detection of an auxin-like substance in CF
o © o .
~ @ @ of P. citrophthora
¢ R ¢

V| I

Time

(min)

Fig. 4. GLC chromatograms of pentafluorobenzene of putative
TAA from culture filtrate (4), standard IAA (B), and a mixture
of the two (C)

used. The same effect was obtained with ‘Sour orange’
protoplasts at 1.0 ppm 2,4-D. ‘Shamouti’ orange proto-
plasts were found to be somewhat less sensitive; howev-
er, the least sensitive among the four systems were
protoplasts derived from ‘Villafranca’ callus which still
formed colonies even when the culture medium con-
tained 8.0 ppm of 2,4-D.

These results are parallel to the response of the
same calli to CF of P.citrophthora in the culture
medium (Fig. 1).

Extraction of putative IAA was as described in “Materi-
als and methods”. Thin layer chromatography with
Kieselgel 60 F254 plates and chloroform : methanol:
water (65:12:1) as a solvent showed that the isolated
compound had the same R¢ as IAA and fluoresced
under U.V. light with blue color, as did authentic IAA.

The pentafluorotoluene derivative of the putative
IAA is represented on the graph (Fig. 4) by a peak at
about Rt=14.75. This peak is identical to the Rt value
of authentic IAA and was enhanced by the addition of
known amounts of synthetic IAA which was derivatized
the same way as the sample extracts (Fig. 4).

Discussion

Apparently, the availability of a cell-culture system
having the capability to regenerate functional plants
and of an extract from a pathogenic fungus, with toxin
characteristics and activity on the cellular level should,
when combined, constitute an efficient means to select
for pathogen-resistant variants. Thus, the efficient pro-
toplast system of Citrus (Vardi etal. 1982) and 3-4-
week-old culture filtrate of P. citrophthora, containing
high and low molecular weight phytotoxin components
capable of inducing typical disease symptoms on lemon
seedlings (Breiman and Barash 1981), seemed rather
favorable for such a selection experiment. However, on
the basis of results obtained in the present study, the
use of P. citrophthora CF as a reliable selection tool in
cell culture seems doubtful. The response of the four



calli tested to CF is in reverse order to what is known
of the response of those Citrus cultivars to natural and
artificial inoculation with Phytophthora spp. (Klotz
1978). As can be seen from Figs. 1 and 2, the calli
derived from the more resistant varieties appeared to
be highly susceptible to CF, while the susceptible
varieties underwent the whole cycle of selection proce-
dure. Moreover, protoplasts derived from CF-selected
calli of ‘Shamouti’ orange and ‘Villafranca’ lemon
showed higher plating efficencies with increasing CF in
the protoplast culture medium (Fig. 3).

All nucellar calli and protoplast systems of Citrus
are habituated and do not require the addition of plant
hormones for cell division. The addition of auxin
inhibits cell division (Vardi and Raveh 1976; Kochba
etal. 1980). Selected lines resistant to 2,4-D become
2,4-D dependent (Spiegel-Roy et al. 1983). Comparison
of results presented in Fig.1 and Table1 show a
similarity in response of calli to CF and of protoplasts
derived from the same calli to 2,4-D. The characteriza-
tion of an auxin-like substance by GLC (Fig. 4) in the
CF could explain the results obtained.

Culture filtrates of fungi are rich in secondary
metabolites, growth-inhibiting and -stimulating sub-
stances (Pegg 1976; Yoder 1980). Most toxins produced
by plant pathogenic fungi and bacteria have not yet
been rigorously evaluated for their role in disease. The
fact that growth regulators such as cytokinins (Johnston
and Trione 1974), auxin (Gruen 1959; Epstein and
Miles 1967) and gibberellic acid (Brian et al. 1954) have
been found in the culture filtrates, as well as several
amino acids and high and low molecular weight phyto-
toxins in the CF of P.citrophthora (Breiman and
Barash 1981), supports Yoder’s (1983) conclusion that:
“Crude filtrates would not necessarily be expected to
select plants resistant to disease since growth media
that have been colonized by microorganisms (whether
pathogenic or not) contain many secondary metabolites
which, in combination, can be phytotoxic but have
nothing to do with disease development.”
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