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Abstract

Three PCR primer pairs, based on the cytokinins (etz) or IAA biosynthetic genes, were used for dEredgtiray

herbicola pv. gypsophilaein Gypsophila paniculatgplants. The primers were specific to all gall-formikg
herbicolastrains and distinguished them from saprophytic strains associated with gypsophila plants or from other
gall-forming bacteria. In pure culture of the pathogen, less than one bacterial cell was detected with nested PCR
using theetzprimers - an increase of 100-fold in sensitivity as compared with single-round PCR. In the presence
of plant extract a reduction of tenfold in sensitivity was observed by nested PCR. When cells were grown on

a semi-selective medium prior to PCR (Bio-PCR), five cells from pure culture of the pathogen were detected.
The bacteria could be detected by nested-PCR or Bio-PCR in symptomless gypsophila cuttings after 7 days. The
Bio-PCR procedure described in this study can be used to establish disease-free nuclear stock of mother plants of

gypsophila.

Introduction of E. herbicolais pathogenic on table beet as well as
on gypsophila (Burr et al., 1991; Volcani, 1985).
Erwinia herbicolapv. gypsophilags the most destruc- Detection of the pathogen in Israel is currently

tive pathogen ofGypsophila paniculatd.. (Brown, based on the ELISA procedure (Manulis et al., 1991;
1934; Clark et al., 1989; Cooksey, 1986). Gypsophi- Manulis, 1992; Maoz and Vigodsky-Haas, 1983).
la (Baby’s breath) is an ornamental used in commer- However, problems related to the specificity of the
cial cut-flower production in Israel, California, Florida antiserum have been encountered due to the presence
and some European countries (Cooksey, 1986; Shilo, of several serotypes of the pathogen. Moreover, sapro-
1985). The pathogen induces gall formation at wound phytic strains ofE. herbicolawhich are widespread
sites mainly in the crown region of the stem. The main in nature as an epiphyte on plants (Star, 1982) can
damage occurs during the development of rooted cut- not be distinguished from pathogenic strains by sero-
tings in the nurseries (Vigodsky-Haas et al., 1981; logical methods. Often time-consuming pathogenicity
Volcani, 1985). The gall weakens the plant, causes tests are necessary to confirm the presence of patho-
defoliation, and ultimately, death of the whole plant genic strains whenever a positive result is obtained by
(Volcani, 1985). Neither resistant clones nor effective the ELISA procedure. To overcome these problems we
chemical treatments are available. The only control isolated a DNA probe and used it for the detection of
measure is by the production of pathogen-free plant- E. herbicolapv. gypsophiladby colony hybridization

ing material through culture indexing which requires (Manulis etal., 1991; Manulis, 1992). The DNA probe

a zero tolerance level rating, followed by strict sanita- was taken from a unique plasmid of approximately
tion practices. This procedure allows the production of 150 kb which was detected only in pathogenic strains
clean mother plants which are vegetatively propagat- of E. herbicolafrom different serotypes. This probe
ed. The host range @&. herbicolapv. gypsophilads contains the genes for indole acetic acid (IAA) biosyn-
restricted toG. paniculatawhereas another pathovar thesis through the indole acetamide pathway (Clark
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et al.. 1993: Manulis 1992) and 110 bp of the 5 Table 1 Specificity of the PCR reaction for pathogenic strains
N o . . f Erwinia herbicol
end of the cytokinin biosynthetic genes (Lichter et al., o mrwinia herieoa

1995). By colony hybridizaton we could distinguish E. herbicola  Gall Serotypé  PCR
between pathogenic and non-pathogenic strains, in all ~ strain Formatioh products
known serotypes. However, the latter technique was o, | N . N
limited to 1¢* CFU per ml (Manulis, 1992). To avoid 3-1a + S| +
the labor-intensive procedure of colony hybridization 24.2 + S| +
and to increase the sensitivity of detection, we exam-  g.» + S| +
ined the use of PCR for detection of the pathogen. 13-2 + s +
In the present study we describe a sensitive, specific 9.3 + sl +
and useful PCR-based procedure for detectioii of 420 + Sl +
herbicolapv. gypsophiladn gypsophila plants. This 53 + Sl +
procedure is simple and allows us to replace the colony ~ PD713 + Sl +
hybridization for confirming positive results obtained PD128 + Sl +
by the serological method. It is also applicable for use 350-1 + Sl +
inthe large number of samples necessary for the estab- 615 + sl +
lishment of clean nuclear stock of gypsophila mother ~ 611 + Sl +
plants. 441 + Sli +
102 + sl +
Eh1188 + SIv +
Materials and methods En2188 * sV *
Eh418¢ + S\ +
. . - 31 - S
Bacterial strains and pathogenicity tests 717-2 ) S|
. . . o _ 1-10 - Sl
Erwinia herbicolastrains used in this study are listed 135 i Si
in Table 1. All the Israeli strains have been identified by 23.9 ] S|
biochemical and immunological procedures as previ- 543 . S|
ously described (Manulis etal., 1991). Strains En1188, 163-5 } s
Eh2188, and Eh4188 were isolated from table beet
by T. Burr (Cornell University, Geneva, NY, USA). 1 Pgthogenicty tests were carried out®@ypsophila paniculata
Strains _PD713’ PD128 were obtained from J. Janse (ziustflnsgﬁ ;Iﬁ,fg{ysgzgsggr?(ljl'to serotypes 1, 2, 3and 4, respec-
(Wageningen, the Netherlands). All the ottierher- tively.
bicola strains were isolated froi®. paniculataplants 3 PCR reactions were carried out with iaaH, etzl and etzll
in Israel.Pseudomonas syring@e. savastanostrains primers. The presence or absence of PCR products (443bp,

607bp and 522bp) is indicated by + and -, respectively.
4 Strains were isolated from table beet.

ITM317, PBQ225 and ITM519 were obtained from
N.S. lacobellis (Bari, Italy).Agrobacterium tumefa-
ciensstrains 13B, IL2 and G114 were obtained from
J. Haas (ARO, The Volcani Center, IsraeB. her- ing on the plates was collected, diluted 10 and 100,
bicolaandA. tumefacienstrains were maintained on times and used for PCR tests. In addition, 20 individu-
nutrient agar and. syringaepv. savastanoistrains al colonies were isolated in pure culture and tested by
were maintained on KB agar. For Bio-PCR, her- PCR. Pathogenicity tests were performed by dipping
bicolastrains were grown on a semi-selective medium cuttings ofG. paniculatavar. perfecta (Danziger Ltd.

as described by Manulis et al. (1991). To isolate natu- Israel) into anE. herbicolasuspension before rooting
rally occurring saprophytic bacteria associated with the (Manulis et al., 1991).

gypsophila plant, two leaves were removed from each

of ten healthy cuttings 10 days after rooting initiation. Primers and PCR conditions

The leaves were washed with sterile water and blended

for 3 min in a Stomacher Lab-Blender (Seward, UK) Three pairs of primers were designed according to
with 5 ml of sterile saline solution. Fiftyl from each the sequence of the indole acetamide hydrolase gene
cutting were spread on LB agar plate. The plates were (iaaH) and the cytokinin biosynthesis genet3.
incubated for 2 days at 2&. The total bacteria grow-  Accession numbersinthe EMBL data bank are L33866
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foriaaH and Z46375foetz The sequences oftheiaaH Detection oft. herbicolgov. gypsophilae in the
primers were 5TCCGTGATGGCGATGCAG, 5 presence of plant extract and in gypsophila plants
CCAACGACCTGTGGTCGG; for etzl's GCAAAA-
GAACGCGGCTGG, 5 GGGTCTCTTGTTCCT- Plant extract was obtained by removing two leaves
GCC; and for etzll 5 GTGATAGCTCTGGACAGG, from each of ten healthy cuttings 10 days after rooting
5- TCTTCTCCTGGTCGGTTG. Primers were syn- initiation. The leaves were washed with sterile water
thesized by Biotechnology General, Nes Ziyona, and blended for 3 min in a Stomacher Lab-Blender
Israel. Primers iaaH and etzl were used in single- and with 20 ml of sterile water. Tenfold serial dilutionsBf
first-round PCR. For nested PCR, the etzll primers herbicolapv.gypsophilaetrain 824-1 were added to 1
were used as internal primers of etzl. ml aliquots of the extracts giving a final concentration
PCR amplifications were carried outin aj25eac- of 10° to 10" cells per ml. For the first round of PCR,
tion mixture which contained 0.5 mM Mggl0.2 um 5 ul of each dilution were added to the PCR reaction
of each primer, 5um of each dNTP, 0.05 units Tag mixture.
DNA polymerase (Appligene, France), template DNA For detection ofE. herbicolapv. gypsophilaen
and buffer (10 mM Tris-HCI, pH 9.0, 50 mM KCI,  gypsophilaplants, three cuttings were dipped into each
0.1% Triton X-100, 0.2 mg per ml BSA). Amplifica- concentration of bacterial suspension as described pre-
tion was performed in a thermal cycler (Hybaid, Omn- viously (Manulis et al., 1991). After 7, 14 or 21 days,
E, UK). Denaturation was done at 9€ for 1 min two leaves from each cutting were removed, washed
followed by 35 cycles of 1 min at 94C, 1 min at with sterile water and then blended in 2 ml of sterile
58°C, and 2 min at 72C; and a final extension for5  water. Fiveul of this extract were subjected to PCR.
min at 72°C. Annealingtemperature with primersetzll  For Bio-PCR, 10ul were spotted on semi-selective
was 60°C. The confirmation of the specificity of the medium as described above. The experiments were
PCR products was performed by Southern hybridiza- repeated four times.
tion with DNA probes for etz (Lichter et al., 1995) and
iaaH (Manulis, 1992).
Results and discussion
Nested PCR and Bio-PCR
Specificity of PCR for identification &. herbicolgv.
Tenfold serial dilutions oE. herbicolapv. gypsophilae gypsophilae
(strain 824-1) culture grown overnight, were used as
template DNA for first- or single-round PCR. The cells The PCR products obtained with primers iaaH, etzl
(5 ul) were frozen and after thawing were added direct- and etzll were in the expected size of 443, 607 and 522
ly to the PCR reaction mixture. For positive control, bp, respectively (Figure 1). Since other gall-forming
total DNA was used as the template. DNA was isolated bacteria contained the phytohormone’s genes (Morris,
as described by Manulis et al. 1991. For nested PCR, 11986), we examined the specificity of these primers
ul from the first reaction was used as the template with to E. herbicola pv. gypsophilae.No PCR products
primers etzll. were formed when amplification reactions were car-
For Bio-PCR, 10ul of cell suspension or plant ried out with strains ofPseudomonas syringagv.
extract were spotted on semi-selective agar plates. Onsavastanoi(ITM317) or Agrobacterium tumefaciens
one plate 35 drops were spotted. After incubation for (13B)(Figure 1). Four other strains Bf s. savastanoi
2 days at 28C, the cells were collected with a tooth- (ITM519, PBQ225) andA. tumefaciengG114, 1L2)
pick and suspended in 5Q0 of distilled water. Five were also negative in PCR reaction (results not shown).
ul of this suspension were frozen and thawed before For further testing the specificity of the primers to
being subjected to single-round PCR with etzl primers. E. herbicolapv. gypsophilaeamplification reactions
PCR reaction products were detected by electrophore-were performed with various strains Bf herbicola
sis through 1.2% agarose gels. Representative strains are listed in Table 1. It con-
stitutes pathogenic strains from the known serotypes
as well as non-pathogenic strainskofherbicola. All
the pathogenic strains produced the expected products
with primers iaaH and etzl. No specific products were
obtained with non-pathogenic strains (Table 1).
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. etzl L etzll . iaaH| M 1 2 3 4 5 6 7 8
M1234 1234123 4 A

bp

5077
2838

1159
805

514

Figure 1 Single-round PCR using etzl, etzll and iaaH primers wit
Erwinia herbicolg Agrobacterium tumefacienand Pseudomonas
syringae pv. savastanoitemplates. PCRs were carried out witt
1CPcells in a reaction mixture. Lanes: M, 100bp ladder; 1 to ¢
E. herbicolapv. gypsophilagA. tumefacienandP. savastanotells,
respectively; 4, a PCR reaction without cells.

Amplification reactions were also carried out witt
saprophytic bacteria isolated from gypsophila plant
Twenty purified colonies of saprophytes as well as t
pooled samples were examined. None of the bacte
associated with gypsophila plants showed the speci
amplified PCR products.

Although the PCR primers were selected fror
genes present in other bacteria, they retained th
SpeCIfICIty towards. hert_)lcolapv. gypsophilaeThis Figure 2 Detection limit of Erwinia herbicola pv. gypsophilae
was achieved by choosing non-conserved Sequence%y first- and second-round of PCR. Tenfold serial dilutionsEof
of the IAA and cytokinin biosynthetic genes. The fact herbicolapv. gypsophilaeulture were used and5 of each dilution
that the cytokinin gene d&. herbicolapv. gypsophilae was added directly to the PCR mixture. A - first-round of PCR with
had the lowest G+C content among all other cytokinin primers etzl. B - Nested-PCR o_f amplification products of the. first

. . . . round, with primers etzll. Lanes: M-Lambda DNA digestedisf;
biosynthetic genes (Lichter et al., 1995) facilitated the 155 16 to 10 cells per ml, respectively; 6, 10 ng of DNA &
selection of the primers. Comparison of the primer herbicolapv. gypsophilag 7, control PCR without cells; 8, control
sequences in the GeneBank database did not show anyf nested PCR.
homology to other phytohormone genes.

The use of virulence genes as a source for primers
selection corroborates their reliability for identification DNA fragment than the primers based on etz, further
of the pathogen. In case &f herbicolapv. gypsophi- work was carried out only with the latter primers.
lae, we demonstrated previously the significance of the
phytohormone genes as virulence determinants (Clark Sensitivity of the nested-PCR and Bio-PCR
et al., 1993; Lichter et al., 1995). PCR primers based
on plasmid sequences could be misleading if the plas- The sensitivity of each procedure was first examined
mid is conjugative. However, in the case of the pPATH with tenfold dilutions of the pathogen, starting with 500
of E. herbicolapv. gypsophilaeywe could not demon-  cells per reaction (Figure 2). Fifty cells were detected
strate transmissibility of the plasmid even to related following the first round of PCR (Figure 2A), where-
non-pathogeneic strains (Manulis, unpublished data). as the second round of PCR, using nested primers,

All primers were specific and suitable for perform- increased the sensitivity by 100-fold (Figure 2B).
ing the PCR reactions with. herbicolastrains. How- The effect of plant extract on the sensitivity of the
ever, since preliminary data have shown that the select- detection limit was further examined by adding tenfold
ed nested primers from iaaH gene produced a smallerdilutions of the pathogen to crude extract of gypsophi-
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M 1 2 3 4 56 7 8 9 Table 2 Detection ofErwinia herbicola pv. gypsophilaein
inoculated gypsophila cuttings by three PCR-based methods

Cells/ml Galld PCRE N-PCR Bio-PCR* Days

10 - +5
10t - +
108 - -
107 - - - -
10t - - -

10° +
10t +
108 - -
102 - -
10t - -

10° + +
10 +
10° - -
10? - -
C 10t - - - -
M 1 2 3 4 5 6 7 8

7

+ o+ +
+ o+ 4+

14

+ 4+ o+ o+
+ 4+ o+ o+

21

+ o+ + o+
+ 4+ + o+

1 pathogenicity tests were conducted by dipping three cuttings

bp of Gypsophila paniculatanto each concentration of bacterial
cell suspension. The experiments were repeated four times.
5077 _ 2 First round of PCR with primers etz I.
2838 — 3 Nested PCR with primers etz II.
1159¥ 4 Cultures were grown for 2 days on selective medium followed
805 — by, the first round of PCR.
514 — 5 The presence or absence of PCR products (607 or 522 bp) is

indicated by + and -, respectively.

suggested to overcome this problem, like GeneReleas-
Figure 3 PCR reactions carried out in the presence of plant extract. g (Levy etal 1994) Immunocapture PCR (Hartung et
Tenfold serial dilutions oErwinia herbicolapv. gypsophilagulture S ’ )
were added to gypsophila extractybof each dilution was added al., 1996’ Kapperud etal., 1993; Morgan e_t al., 1991)
to the PCR mixture. A - first-round of PCR with primers etzl. B- and Bio-PCR (Schaad et al., 1995). In this study we
Nested-PCR of amplification products of the first-round of PCR, used the Bio-PCR procedure since it is simple to per-
with primers etzll. C - Bio-PCR with primers etzl. Lanes in A and form. detects only culturable cells. and is less expen-
B: M, molecular weight markers; 1 to 5, 3@ 10" cells per ml, . C .
respectively; 6, control of plant extract; 7, water; 8, control of nested- S"_/e than the other pro_cedures._ Bio-PCR U_Smg the etzl
PCR; 9, 10 ng of DNA oE. herbicolapv. gypsophilaeLanes in C: primers could detect five cells in the reaction mixture
1to 7 as above; 8, PCR with 10 ng DNA. in the presence of gypsophila extract (Figure 3C). The
sensitivity threshold was less than with nested-PCR,
since only culturable cells could be detected.
la (Figure 3). Plant material reduced the sensitivity of
the first-round PCR by tenfold (Figure 3A). However, Detection ofE. herbicolgov. gypsophilagn
using nested primers, less than one cell could be detect-gypsophila plants
ed (Figure 3B). Thus, the detection threshold achieved
in the presence of plant extract was as sensitive as inGypsophila cuttings were dipped in various concen-
water (Figure 2B). This result can be explained by dilu- trations ofE. herbicolapv. gypsophilaeculture; 7, 14
tion of PCR inhibitors present in gypsophila extracts and 21 days later, symptoms production was recorded
during the second-round PCR. Numerous reports haveand PCR reactions were performed (Table 2). After 7
indicated that plant tissues contain inhibitors of PCR days no galls were formed at any concentration. How-
(Demeke and Adams, 1992; Hartung et al., 1996; ever, with the first round of PCR we could detect the
McManus and Jones, 1995; Minsavage et al., 1994; pathogen in cuttings that were inoculated witidells
Schaad et al., 1995). Several procedures have beemerml. With nested PCR or Bio-PCR, the pathogenwas
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detected even in cuttings inoculated with*délls per mize the reaction conditions and establish the most effi-

ml. The latter inoculum is the lower limit of bacteri- cient protocol for implementing the method for routine

al cells that can cause tumors. No galls were formed large-scale screening of mother plants. In the present

at lower bacterial concentration up to 60 days. After work we demonstrated that detecting low populations

14 or 21 days galls were formed at“t@lls per ml. of the pathogen can be done by either nested-PCR or

With first-round PCR no increase in sensitivity of the Bio-PCR. Each of the methods has its own disadvan-

detection limit was observed (Table 2). However, with tages. Nested PCR is sensitive to cross-contamination

nested PCR or Bio-PCR the pathogen was detectedamong samples, detects also dead cells, and is relative-

in cuttings inoculated with F0cells per ml. These ly expensive for routine application. Although Bio-

results demonstrate that by employing the PCR proce- PCR requires 2 days of growth, it is the preferable

dure for detecting the pathogen in gypsophila plants, method for detecting. herbicolapv. gypsophilagn

an increase of 100-fold is obtained, compared with the gypsophila plants since it detects culturable cells and is

previously used colony hybridization technique (Man- suitable for screening a large number of samples. It is

ulis, 1992). also less expensive, since it requires single round PCR.
The similar sensitivity of the Bio-PCR and nested The Bio-PCR procedure described in this study is now

PCR for detecting cuttings infected with a low level being used in Israel for confirmation of positive results

of the pathogen (Table 2) may suggest that no dead obtained by the currently used ELISA procedure and

bacteria were present in cuttings up to 21 days. Out- for establishing clean nuclear stock of mother plants.

breaks of the disease sometimes occur in greenhouses

in spite of the intensive culture indexing. These could

be explained by low levels of epiphytic populations of Acknowledgement
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