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MOLECULAR RELATIONSHIPS AMONG MULTIPLE-SIZED PLASMIDS
OF PSEUDOMONAS SYRINGAE PV. PPASEOLICOLA

GENERAL INTRODUCTION

Pseudomonas syringae pv. phaseolicola, a flagellated, Gramnegative bacterium, is the causal agent of halo blight disease in the
common bean (Phaseolus vulgaris L.).

Primary infection of the plant

occurs via infected seeds (Patel and Walker 1965); secondary infection
may occur through wounds and stomata on water-congested leaves
(Panopoulos and Schroth 1974).

Infection can result in a zone of

chlorotic tissue surrounding the infection site, and may lead to
systemic chlorosis and stunting of the plant (Goss 1940, Patel and
Walker 1965, Schroth et al 1971, Hale et al 1972).

Chlorosis has been

associated with the bacterial production of an extracellular halo
blight toxin (Skogg 1952, Hoitink et al 1966, Hoitink and Sinden 1970).
Mitchell and Bieleski (1977) have suggested that the toxin is released
into the extracellular spaces of the leaf and is activated by peptidases present in the plasmalemma or cell wall, or is released from
cells damaged during infection.

The toxin is then actively transported

throughout the plant by the phloem, particularly to sites of active
cell division and expansion.

The halo blight toxin inhibits the en-

zyme ornithine carbamoyltransferase (Patil et al 1970, Patil et al
1972) which catalyzes the conversion of ornithine to citrulline.

This

inhibition results in the accumulation of ornithine (Patel and Walker
1963, Rudolph and Stahmann 1966, Mitchell and Bieleski 1977), which
leads to a deficiency of citrulline, and in turn, arginine (Patel and
Walker 1963, Rudolph and Stahmann 1966).

Patil et al (1972) have sug-
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gested that a deficiency in arginine would reduce the level of protein
synthesis, including the synthesis of enzymes involved in chlorophyll
synthesis, which would result in chlorosis of the plant.

Plasmids, self-replicating extrachromosomal elements of DNA, have
been frequently detected in bacteria, including many plant pathogens.
Plasmids may contain genes coding for a number of functions, such as
antibiotic resistance (Grinsted et al 1972), plasmid or chromosome
transfer (Stanisich and Holloway 1971; Lacy and Leary 1975),
degradation or synthesis of various compounds (Bomhoff et al 1976),
pili formation (Brinton et al 1964), host range specificity (Loper and
Kado 1979), virulence (Comai and Kosuge 1980), or oncogencity (Watson
et al 1975).

Genes residing on plasmids have been studied using

several techniques.

Some plasmids can be cured from the bacterium

that harbors them and the resulting phenotypic changes in the bacterium may be related to the loss of the plasmid.

Plasmids, or genes

known to reside on plasmids, can be further studied by genetically
"marking" the plasmids.

This is accomplished by either using UV light

or chemical mutagens to mutate specific genes, or by inserting a
transposable element into specific genes or at random on the plasmid.
In the absence of markers, plasmids can be characterized from restriction endonuclease-generated patterns and filter hybridizations and,
similarly, compared to other plasmids.

Similar restriction patterns

are evidence for relatedness of plasmids (Thompson et al 1974).
Filter hybridizations (Denhardt 1966) can detect sequence homology that
was not apparent from restriction patterns alone, and may show how the
homology is distributed.

In addition to restriction patterns and filter hybridizations,
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sequence homology between plasmids can be detected by solution hybridization (White and Nester 1980b) and heteroduplex mapping (Sharp et al
1972).

Solution hybridization gives a more accurate estimation of the

total amount of homology than do restriction patterns or filter hybridizations, but does not indicate which sequences have homology.

Hetero-

duplex mapping can show the extent and general distribution of homology between two plasmids, but may require physical markers on the
plasmids to determine which sequences have homology.

Genetic sequences

which can give rise to homology between plasmids include transposons,
insertion sequences, repeat sequences, and genes with common functions,
including virulence genes.

Plasmid-borne genes have been demonstrated to code for virulence
properties in several plant pathogens.

Agrobacterium tumefaciens is

one of the best studied of these pathogens.

Many strains of A.

tumefaciens induce tumor formation in plants, and the induction of
tumors has been linked to the presence of a large plasmid (Watson et
al 1975).

These plasmids, referred to as tumor-inducing or Ti plas-

mids, range in size from approximately 90 to 160 megadaltons (Mdal)
(Zaenen et al 1974).

In addition to oncogenicity, the Ti plasmids

contain genes encoding the tumor production and bacterial utilization
of octopine, nopaline, or agropine (Watson et al 1975, Bomhoff et al
1976, Montoya et al 1977, Guyon et al 1980), tumor morphology (Watson
et al 1975, Hooykaas et al 1977), host range specificity (Loper and
Kado 1979, Thomashow et al 1980b, Knauf et al 1982), and phage API
exclusion (Hooykaas et al 1977, Van Larebeke et al 1977).

Crown gall

tumor lines have been shown to contain a portion of the Ti plasmid
(T-DNA) stably integrated into the plant nuclear DNA (Chilton et al
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1977, Thomashow et al 1980a).

The integrated T-DNA is transcribed

(Gurley et al 1979) and the mRNAs can be translated into specificsized proteins in vitro (McPherson et al 1980).

Mutations in the

T-DNA have been shown to affect tumor morphology and virulence
(Garfinkel and Nester 1980, Ooms et al 1980).

Since it has been demonstrated that Ti plasmids of Agrobacterium
encode virulence properties, studies of plant-pathogenic pseudomonads
have been carried out to determine if these pathogens also contain
plasmids associated with pathogenicity.

Plasmids were first detected

in plant-pathogenic pseudomonads in P. syringae pv. glycinea (Curiale
and Mills 1977).

Six isolates were shown to each contain one to two

plasmid species.

The molecular weights of plasmids from four isolates

were determined and ranged from 25 to 87 Mdal.

Since no plasmidless

strain was found, no correlation could be made between virulence and
the presence of a plasmid.

Gonzalez and Vidaver (1979a, 1979b) suggested that an association
existed between a 35 Mdal plasmid, pCG131, in P. syringae pv. syringae
and the production of the phytotoxin, syringomycin.

After treating a

P. syringae pv. syringae strain containing pCG131 with the curing
agent acridine orange, they could no longer isolate pCG131.

In

addition, the strain was no longer virulent and failed to produce
syringomycin.

However, they were unable to transfer pCG131 back into

the "cured" isolate using conjugation and transformation techniques.
Subsequently, restriction endonuclease patterns of pCG131 were compared to patterns of two other 35 Mdal plasmids isolated from
syringomycin-producing strains.

The restriction patterns were not

identical and no restriction fragment was common to all three plasmids
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In addition, all P. syringae pv.

(Gonzalez and Vidaver 1980).

syringae strains that produce syringomycin do not contain a plasmid,
indicating that in some cases, at least, the gene(s) coding for
syringomycin may be located on the chromosome (Gonzalez and Vidaver
1979b).

Since acridine orange is also known to induce mutations, it

is possible that a chromosomal gene specifying syringomycin production
may have been mutated.

A 22.5 Mdal plasmid from P. syringae pv. phaseolicola was implicated in the production of the halo blight toxin (Gantotti et al 1979).

+
Three toxin-producing (Tox ) strains and two nontoxigenic (Tox )
strains were analyzed for plasmid content.

Each strain harbored at

least two plasmids, the largest plasmid apparently common to each
strain.

Two Tox

+

strains contained a 22.5 Mdal plasmid, and the UV

light-induced loss of this plasmid in one strain appeared to result in
the loss of toxin production.

plasmid, as did the third Tox

+

The Tox

strains lacked the 22.5 Mdal

strain.

This Tox

+

strain contained a

4.23 Mdal plasmid, which Gantotti et al (1979) proposed to be a
deletion product of the 22.5 Mdal plasmid that still retained the
gene(s) for toxin production.

However, Jamieson et al (1981) demon-

strated that the spontaneous loss of toxin production was not associated with the loss of a 22.5 Mdal plasmid from P. syringae pv.
phaseolicola.

They also found that a 4.3 Mdal plasmid showed no

homology with any 22.5 Mdal plasmids, indicating that the smaller
plasmid was not a deletion product of the 22.5 Mdal plasmid.
No correlation was demonstrated between the presence of plasmids
in the pathovars angulata, tabaci, and coronafaciens of P. syringae
and the production of the phytotoxin, tabtoxin (Piwowarski and Shaw
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1982).

However, interesting observations were made regarding sequence

homology between plasmids.

Six strains of tabaci contained four

plasmid species which. had from zero to 100 percent homology with each
other.

Three strains of angulata had a 49.8 Mdal plasmid indistin-

guishable from a tabaci plasmid, and the 39.7 Mdal plasmid from a
strain of coronafaciens had varying amounts of homology with the
plasmids from tabaci and angulata (Piwowarski and Shaw 1982).

The

presence of sequence homology between plasmids of different pathovars
raises questions about pathovar differentiation and exchange of
genetic material between strains of closely-related pathovars.
In at least one pathovar, however, plasmids have been associated
A 52 kilobase pair (kbp) plasmid of P. syringae pv.

with virulence.

savastanoi, pIAAl, contains two genes, iadM and iaaH, that are involved in the synthesis of indoleacetic acid and are necessary for
gall formation on olive or oleander plants (Comai and Kosuge 1980,
1982).

Loss of indoleacetic acid production, as well as loss of the

52 kbp plasmid, occurred following treatment of the cells with
acridine orange.

Reintroduction of pIAAl into the cured isolate re-

sulted in the restoration of indoleacetic acid production (Comai and
Kosuge 1980).

These results indicated that the production of indole-

acetic acid, and hence virulence, was linked to pIAAl.

The loss of,

or large deletions in pIAA2, a 73 kbp plasmid found in two strains of
savastanoi, has also been assiciated with the loss of indoleacetic
acid production (Comai et al 1982).

As determined by filter hybridi-

zations, both pIAAl and pIAA2 contain the iaaM gene, but their EcoRI
restriction patterns are dissimilar.

A third strain of savastanoi,

deficient in the production of indoleacetic acid, has a plasmid
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closely related to pIAA2 that presumably has a deletion in the iaaM
region.

Nine additional strains of savastanoi were studied, and in

each the genes for indoleacetic acid production apparently are located on the chromosome.

The presence of the indoleacetic acid genes

on either the chromosome or a plasmid could be explained by F' and
Hfr formation in savastanoi or by the transposition of DNA sequences
(Comai et al 1982).

Although virulence has been linked to plasmids in only one pathovar of P. svringae, another genetic property has been associated with
a plasmid from the pathovar phaseolicola.

A 98 Mdal (148 kbp) plas-

mid, pMC7105, integrated into the host chromosome following mitomycin
C treatment (Curiale and Mills 1982).

Three colonies which were sub-

sequently isolated from the "plasmidless" strain LR719 were shown to
contain single plasmid species.

Each plasmid was smaller than pMC7105

and contained a subset of the pMC7105 BamHI and EcoRI restriction
fragments, suggesting that all, or a portion, of pMC7105 had integrated into the chromosome and later underwent excisive recombination.
BamHI restriction of total cellular DNA from the "plasmidless" strain
and hybridization of pMC7105 probe to a blot of these fragments demonstrated that pMC7105 had integrated into the chromosome (Curiale and
Mills 1982).

Additional colonies which harbor single excision plasmids have
been isolated from strain LR719.

These plasmids range in size from

33 to 250 kbp (Szabo et al 1981, Curiale and Mills 1982, Szabo and
Mills 1982a), and may consist entirely of sequences from pMC7105
(Szabo, personal communication) or both plasmid and chromosomal sequences (Szabo et al 1982a).

A 3.2 kbp BamHI-EcoRI fragment derived
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from BamHI fragment 8 of pMC7105 contains the plasmid site of integration (Szabo and Mills 1982b).

The 3.2 kbp fragment also contains

a repeat sequence which hybridizes strongly with. nine of 19 BamHI

fragments from pMC7105 and at least eight chromosomal BaMRI fragments.
The repeat sequence has homology to at least one of the BamHI fragments involved in excision in eight of 10 excision plasmids examined
(Szabo and Mills 1982b) and may be directly involved in excision or
integration or both.

A 23 kbp region of pMC7105 is common to all the

excision plasmids, and is expected to contain the plasmid origin of
replication (Poplawsky et al 1982, Szabo and Mills 1982a).
The objectives of this study were:

(1) to determine if five

strains of Pseudomonas syringae pv. phaseolicola contain plasmids;
(2) to determine the extent and distribution of sequence homology
each plasmid has with pMC7105, a phaseolicola plasmid with integrative
properties.

The amount and distribution of sequence homology between

plasmids was determined from restriction endonuclease patterns,
DNA:DNA solution hybridizations, and DNA:DNA filter hybridizations.
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CHAPTER I

DNA HOMOLOGIES AMONG PLASMIDS OF PSEUDOMONAS SYRINGAE PV. PHASEOLICOLA1

INTRODUCTION

Naturally-occuring plasmids are frequently found among isolates of
plant pathogenic pseudomonads (Curiale and Mills 1977; Gantotti et al
1979; Gonzalez and Vidaver 1979a, 1979b; Comai and Kosuge 1980;
Curiale 1980).

The plasmids have varied in size from approximately

three to 109 megadaitons (Mdal).

Indeed, one plasmid of Pseudomonas

savastanoi has been shown to carry determinants for disease expression
(Comai and Kosuge 1980) and there has been suggested an association of
virulence properties with the presence of a 35 Mdal plasmid, pCG131,
in P. syringae pv. syringae (Gonzalez and Vidaver 1979a, 1979b) and a
22 Mdal plasmid in P. syringae pv. phaseolicola (Gantotti et al 1979).
The presence of plasmids of similar size in pathovars of P.
syringae is a relatively common occurrence.

However, when restriction

endonuclease fingerprints were used as a criterion for establishing
homology between pCG131 of P. syringae pv. syringae and two other
similar-sized plasmids from strains of this pathovar, little homology
was detected (Gonzalez and Vidaver 1980).

Similar results were ob-

tained when the fingerprints of total plasmid DNA from six strains of
P. syringae pv. _glycinea were analyzed (Curiale 1980).

1

Although the

Published in the Proceedings of the Fifth International Conference on
Plant Pathogenic Bacteria, Cali, Columbia, 1981, p 412-419.
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fingerprints revealed apparent homology between certain plasmids, the
digests lacked a single fragment which was common to total plasmid DNA
of these six strains.

However, hybridization analyses of the plasmid

DNA from these six strains revealed homology that was not apparent
from the fingerprints alone.

The purpose of this work was to obtain numerical, physical, and
biochemical information about the plasmids carried by five strains of
P. syringae pv. phaseolicola.

We have determined by two criteria that

the plasmids of these strains share extensive homology.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions

The bacterial strains used in this study are listed in Table I-1.
All strains were cultured on modified MaSNY medium (Curiale and Mills
1977) which lacked sucrose, hereafter referred to as MaNY medium.
Cultures were stored at room temperature on solid medium (1.5% agar)
and shake cultures were grown at room temperature or 24° C.

Plasmid DNA Isolation

Plasmid DNA was extracted according to the method described by
Hansen and Olsen (1978) as modified by Curiale (1980), or by a modified
Currier and Nester technique (1976) in which the shearing step was
omitted.

The DNA was purified by two cesium chloride-ethidium bromide

(816.5 mg/ml and 100 pg/ml, respectively) gradient centrifugations at
50,000 or 55,000 rpm in a Beckman Type VTi65 rotor for 12 to 16 hours
at 20° C.

The plasmid band was removed through the side of the tube

Table I-1.

P. yringae pv. phaseolicola strains.

Approximate
Strain

Genotype

r

a

MW (x 10

Plasmid

6

dal)

Previous Strain
Designation

Source

pPP6010
pPP6015

29
73

HB-20

A. Anderson

pPP6120
pPP6125

1.4
96

R1L

A. Vidaver

pPP6220

97

RI1D

A. Vidaver

strr

pPP6310
pPP6315

27
73

HB1OY

A. Vidaver

PP652

rifr
rif

pPP6520
pPP6525

33
70

HB-36

A. Anderson

LR721

ser,rif

pMC7105

98

LR700

M. Curiale

PP601

strr

PP612

rif

PP622

rifr
rif

PP631

a

str

r

r

r

r

r

,

streptomycin resistance; rif , rifampicin resistance; ser, serine auxotroph.

bBiology Department, Utah State University, Logan, Utah.
c

Department of Plant Pathology, University of Nebraska, Lincoln, Nebraska.

c

b
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with a 22-gauge needle and the ethidium bromide was removed after four
extractions with one-half volume of ice-cold isopropanol.

The plasmid

DNA was either dialyzed against T10E1 buffer (10 mM Tris, pH 7.2,
1 mM Na EDTA) to remove the cesium chloride or diluted with TES buffer
2

(50 mM Tris, pH 8.0, 50 mM NaC1, 5 mM Na2EDTA) and centrifuged at
50,000 rpm for 12 to 16 hours in a Beckman Type SW60 rotor at 20°C to
pellet the plasmid DNA.
-20° C in T

Purified plasmid DNA was stored frozen at

E buffer.
10 1

Restriction Endonuclease Digestion

BamHI (Bethesda Research Laboratories, Inc.) and EcoRI (prepared
in our laboratory) were used to restrict plasmid DNA.

Two micrograms

of DNA were digested with a four-fold excess of enzyme for two hours
at 37° C in 20 pi of the appropriate digestion buffer (Davis et al
1980).

Following the digestion, the sample was heated at 70° C for

five minutes to inactivate the enzyme.

Gel Electrophoresis

Gel electrophoresis was carried out on a horizontal slab gel
(Model HI; Bethesda Research Laboratories, Inc.), using 0.7% agarose

(Sigma) and a running buffer of 40 mM Tris, pH 7.9, 40 mM sodium
acetate, 2 mM Na EDTA.

The buffer was circulated during electrophoresis

2

and the gel was run submersed in buffer.

Whole plasmid DNA and

restriction fragments were electrophoresed for 10 hours at 3 V/cm.
Lambda DNA (32 Mdal) and plasmids pMC7114 (50 Mdal), pMC7115 (58 Mdal)
(Curiale 1980), RP4 (36 Mdal), pBR322 (2.65 Mdal), and JHC11 (16.6
Mdal) (Cramer et al 1977) were used as molecular weight standards.
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Gels were stained in 0.5 pg /ml ethidium bromide for at least 30 minutes

and the DNA bands were visualized on a UV transilluminator (Model
C-63B; Ultra-Violet Products, Inc.).

The gels were photographed

using a Polaroid MP-3 Land camera equipped with an orange filter and
using Polaroid Type 55 Land film.

Nick Translation of Plasmid DNA and Solution Hybridization

Plasmid DNA was nick translated with

32

P-dCTP and a nick-transla-

tion kit (New England Nuclear) to a specific activity of 2.3-16 x 10
cpm/yg DNA using the protocol outlined in the kit.

6

The proteins were

removed from the reaction mixture by a single phenol extraction, which
was followed by three extractions with ethyl ether to remove traces of
phenol.

The plasmid DNA was fractionated from unincorporated nucleo-

tides by Sephadex G-100 (Sigma) column chromatography and precipitated
with the addition of three volumes of absolute ethanol after the concentrations of sodium acetate and carrier Escherichia coli transfer
RNA (Sigma) were adjusted to 0.2 M and 50 pg/ml, respectively.

The

DNA solution was incubated overnight at -20° C, and the precipitated

DNA was collected by centrifugation at 17,400g and suspended in 0.12 M
sodium phosphate.

Driver DNA was sheared and precipitated according to White and
Nester (1980b).

Labeled probe DNA (1 x 10

-3

to 5 x 10

-3

pg) and

sheared driver DNA (1 to 3.5 pg) were hybridized in 0.12 M sodium
phosphate buffer (20 ul total volume) in 500 pl microfuge tubes.

The

DNA was denatured for 10 minutes, quick cooled in an ice bath, overlaid with parafin oil, and incubated at 68° C.

Five pl aliquots were

removed at 0, 24, 48, and 62 hours, treated with Si nuclease (Hereford
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and Rosbash 1977), and assayed for S1-resistant 32P-DNA (Salzberg
1977).

RESULTS

Plasmid Content of Pseudomonas syringae pv. phaseolicola

Analysis of five strains of Pseudomonas syringae pv. phaseolicola
by agarose gel electrophoresis revealed that each contains one or two
plasmid species (Figure I-1 and Table I-1).

A sixth strain, LR721,

known to contain a single 98 Mdal plasmid, pMC7105 (Curiale 1980), was
used as a standard of comparison.

A single plasmid with a molecular

weight of 97 Mdal was detected in PP622 but all other strains contain
two plasmids.

Strains PP601 and PP631 each contain a 73 Mdal plasmid

and a 29 and 27 Mdal plasmid, respectively.
were also detected in PP652.

Plasmids of similar size

The most striking difference in plasmid

size was observed upon analysis of PP612, which contains plasmids of
96 and 1.4 Mdal.

Analysis of Restriction Endonuclease Cleavage Patterns

Total plasmid DNA from each strain was cleaved with EcoRI and
BamHI restriction endonucleases to determine the degree of homology
among plasmids from the six strains.

The fingerprints generated by

digestion with EcoRI are presented in Figure 1-2.

It is apparent upon

inspection that these plasmids have many bands in common and that some
of the plasmids may be nearly identical.

All digests had 15 bands in

common, accounting for approximately 28 to 34 percent homology.

The

plasmids in PP612 and PP622 have 32 bands in common with the 38 EcoRI

15

Figure I-1.

Agarose gel electrophoresis of purified plasmid DNA from

six strains of P. syringae pv. phaseolicola.

Lane (A) PP601,

(B) PP612, (C) PP622, (D) PP631, (E) PP652, (F) LR721.
linear fragments.

if indicates
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ABCDEF

-If

Figure I-I
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Figure 1-2.

Fingerprint patterns generated by digestion of total plas-

mid DNA from six strains of P. svringae pv. phaseolicola with the
restriction enzyme EcoRI.

Lane (A) PP601, (B) PP612, (C)

(D) PP631, (E) PP652, (F) LR721.

Arrows point to major differences in

the banding patterns discussed in text.
listed on the left.
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bands of pMC7105, representing at least 90 percent homology.
the digests contain a 1.4 Mdal fragment.

All of

The small 1.4 Mdal plasmid

seen in PP612 apparently contains more than one EcoRI restriction site
since an additional fragment of this size was not detected (Fig. 1-2,
lane B).

PP612 contains a 4.5 Mdal fragment present as a triplet band

which is not present in any of the other digests (Fig. 1-2, lane Barrow).

Fragment 11 of pMC7105 (lane F-arrow) is not present in the

digests of the plasmids in PP612 and PP622 but is present in the digests of total plasmid DNA of the other strains.

The plasmids from

strain PP601 have 41 bands in common with the 43 bands of PP631 representing approximately 94 percent homology (Fig. 1-2, lanes A and
D).

The plasmid species in PP652 have an apparent lower percent

homology (60-70 percent) with all other plasmid species primarily
because the five largest fragments are different in size from any
other fragments (Fig. 1-2, lane E).

The BamHI fingerprints of these plasmids corroborates the homology
detected by the EcoRI fingerprints.

The plasmids in strains PP612 and

PP622 also show a large number of BamHI bands in common with pMC7105
(Fig 1-3, lanes B, C, and F).

Since fewer bands are generated by

BamHI, differences in the number and position of BamHI cut sites have
resulted in greater apparent differences in the degree of homology.
PP601 and PP631 differ by only two bands which may have resulted from
a minor change in the location of one restriction site.

The plasmids

in PP652, which appeared most different from the other plasmids upon
digestion with EcoRI, also show the greatest differences when digested
with BamHI.
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Figure 1-3.

Fingerprint patterns generated by digestion of total plas-

mid DNA from six strains of P. syringae pv. phaseolicola with the restriction enzyme BamHI.

Lane (A) PP601, (B) PP612, (C) PP622,

(D) PP631, (E) PP652, (F) LR721.
on the left.

Molecular weights (Mdal) are listed
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Solution Hybridization of Total Plasmid DNA

Solution hybridizations were carried out to determine more precisely the degree of homology among the plasmids of these strains.
The 97 Mdal plasmid, pPP6220, was used as probe DNA because it was

present alone in strain PP622 and required no further purification
from other plasmids.

The plasmids in strains PP601 and PP612 and

pMC7105 have greater than 90 percent homology with pPP6220 (Table 1-2).
The plasmid species in PP652, which showed a lower percent homology
with any of these plasmids by fingerprint analysis, also showed a
lower percent homology by hybridization.

The plasmids in strain PP631

showed a lower percent homology than expected from the fingerprint
patterns.

Some of the plasmids in these strains may be identical.

However,

until it is shown that they are, each has been assigned a different
plasmid designation (Table I-1).

DISCUSSION

Five isolates of P. syringae pv. phaseolicola were shown to contain one or two plasmid species ranging in size from 1.4 to 97 Mdal.
Site-specific endonuclease analysis of plasmids of similar size from
P. syringae pv. syringae revealed little homology (Gonzalez and
Vidaver 1980).

The plasmids analyzed in this study showed extensive

homology by fingerprint analysis and DNA solution hybridization.
Total plasmid DNA from strain PP601, which contains plasmids of
29 and 73 Mdal, shows greater than 90 percent homology with a single
97 Mdal plasmid, pPP6220, by DNA hybridization but only 31 percent
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Table 1-2.

Strain

Plasmid homologies.

Plasmids

Percent Homology
with pPP6220a

PP622

pPP6220

PP601

pPP6010, pPP6015

92

PP612

pPP6120. pPP6125

100

PP631

pPP6310, pPP6315

81

PP652

pPP6520, pPP6525

76

LR721

pMC7105

92

100

allormalized percentages based on the homologous control hybridization

(69 percent) adjusted to 100 percent.
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homology when analyzed by restriction endonuclease digestion.

If one

assumes that the hybridization experiments provide a more accurate determination of the extent of homology (Thompson et al 1974), these
plasmids could have a common origin.

The sum of the molecular weights

of the two plasmids in PP601 is approximately equal to the size of
pPP6220.

Presently, no functions have been ascribed to the plasmids of
these strains.

A 22 Mdal plasmid which is thought to be associated

with virulence properties in another strain of P. syringae pv.
phaseolicola (Gantotti et al 1979) was not detected in these six
strains.

It is of interest, however, that pMC7105, a plasmid which is

known to integrate into the bacterial chromosome of this pathovar
(Curiale 1980), shows greater than 90 percent homology with pPP6220
(Table 1-2).

Whether integration, and subsequent excision, is unique

to pMC7105 or a property of all the plasmids which show extensive
homology with pMC7105 remains to be determined.
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CHAPTER II

AN INTEGRATIVE PLASMID AND MULTIPLE-SIZED PLASMIDS
OF PSEUDOMONAS SYRINGAE PV. PHASEOLICOLA HAVE
EXTENSIVE HOMOLOGY2

INTRODUCTION

Many pathovars of the plant pathogen Pseudomonas syringae have
been shown to harbor plasmids (Curiale and Mills 1977; Gonzalez and
Vidaver 1979a; Gantotti et al 1979; Comai and Kosuge 1980; Jamieson et
al 1981; Quant and Mills 1981; Piwowarski and Shaw 1982).

The plas-

mids have ranged from 4.5 to 165 kilobase pairs (kbp) and strains
may harbor single or multiple plasmid species.

Most of these plas-

mids have not yet been shown to code for any functions.

However, two

plasmids which have been studied in some detail have interesting
genetic properties.

Comai and Kosuge (1980) have shown that pIAAl,

a plasmid in P. syringae pv. savastanoi, is required for the production of indoleacetic acid, a compound essential for gall development
in the olive plant.

Another plasmid, pMC7105, found in P. syringae

pv. phaseolicola, replicates autonomously and also can integrate into
the host chromosome (Szabo et al 1981; Curiale and Mills 1982).

The

episomal nature of this plasmid has resulted in the production of a
variety of excision plasmids, some of which harbor as much as 47 kbp
of chromosomal sequences (Szabo et al 1981).

Other smaller excision

plasmids may be totally or partially homologous with pMC7105, depend-

2Submitted for publication to the journal Molecular and General
Genetics.
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ing upon the presence or absence of chromosomal sequences.

Although few genetic markers have been associated with the plasmids of plant-pathogenic pseudomonads, molecular relationships among
these plasmids have been studied to determine their degree of relatedness.

The occurrence of similar-sized plasmids is common

(Curiale and Mills 1977; Gonzalez and Vidaver 1979a; Gantotti et al
1979; Curiale 1980; Jamieson et al 1981; Quant and Mills 1981;

Piwowarski and Shaw 1982) and some of these plasmids have identical
restriction endonuclease banding patterns (Gantotti et al 1979;
Piwowarski and Shaw 1982).

Identical plasmids have even been found

in strains of different pathovars.

A 49.8 megadalton (Mdal) plasmid

in several isolates of P. syringae pv. angulata has been identified
in a strain of the pathovar tabaci (Piwowarski and Shaw 1982).

Restriction endonuclease analyses have been used extensively to
study sequence homology among plasmids, but banding patterns alone
do not necessarily give an accurate estimation of the degree of
relatedness (Curiale 1980), and a better determination can be obtained with the additional use of solution and filter DNA hybridizations.

In a preliminary report (Quant and Mills 1981), five strains of
P. syringae pv. phaseolicola obtained from diverse geographical areas
were shown to contain nine plasmids which appear to be interrelated.
Two strains contain large plasmid species (ca 150 kbp) which closely
resemble the integrative plasmid, pMC7105, and one of these strains
also contains a smaller plasmid (6.8 kbp).

Three strains each con-

tain two smaller plasmid species that have a combined size approximately 20 kbp larger than pMC7105.

The restriction patterns of total
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plasmid DNA from these strains were similar to those of pMC7105 and
the other two large plasmids.

Furthermore, solution hybridizations

indicated that one of the large plasmids, pPP6220, has 76 to 100
percent homology with total plasmid DNA from strains containing two
plasmid species.

These results suggested that one or both of the

smaller plasmids within a strain and the large plasmids have a
common ancestral origin.

However, since the smaller plasmids were

not isolated and analyzed individually, the amount of sequence
homology between each smaller plasmid and the large plasmid species
was not determined.

In this study, we report the isolation of individual plasmid
species from these five strains of P. syringae pv. phaseolicola and
their characterization by restriction endonuclease analyses.

Blot-

hybridization analyses indicated that the smaller plasmids have
limited to total homology with pMC7105.

Some fragments that have no

homology with pMC7105 are homologous with plasmid DNA from a closelyrelated pathovar, P. syringae pv. glycinea.

In addition, most of

the phaseolicola plasmids are shown to contain two repeat sequences,
including one which had not been detected previously.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions

The bacterial strains used in this study are listed in Table
II-1.

The bacteria were cultured as previously described (Ouant

and Mills 1981).

Table II-I.

Strain

Bacterial strains.

a

Genotype

Previous Strain
Designation

Plasmid
Species

Geographic
Area of
Isolation

Source

Pseudomonas syringae pv. phaseolicola
b

PP601

strr

11B-20

pPP6010
pPP6015

uncertain

A. Anderson

PP631

strr

UB1OY

pPP6310
pPP6015

Nebraska

A. Vidaverc

PP652

rif
rift

11B-36

pPP6520
pPP6525

uncertain

A. Anderson

PP612

rift

R1L

pPP6120
pPP6125

New York

A. Vidaver

PP622

rift

RILD

pPP6220

Idaho

A. Vidaver

LR721

ser, rift

A1000

pMC7105

Oregon

A. Anderson

pMClO

Illinois

Pseudomonas syringae pv. glycinea

LR100

wild type

PG10

priC11

a
r
str

,

D. W.

Chamberlain

streptomycin resistance; rift, rifampicin resistance; ser, serine auxotroph.

b

Biology Department, Utah State University, Logan, Utah.

c

Department of Plant Pathology, University of Nebraska, Lincoln, Nebraska.

dU.S. Department of Agriculture Soybean Research Laboratory, University of Illinois at
Urbana Champaign, Urbana, Illinois.
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Plasmid DNA Isolation

Plasmid DNA was isolated using a modified Currier and Nester
technique (Currier and Nester 1976; Quant and Mills 1981) and
purified by cesium chloride-ethidium bromide centrifugation (Quant
and Mills 1981).

The plasmid DNA was precipitated following the

extraction of the ethidium bromide (Davis et al 1980), pelleted by
centrifugation for 30 minutes at -100 C, resuspended in TE buffer
(10 mM Tris, pH 7.2, 1 mM Na7EDTA), and stored at 4° C.

Gel Electrophoresis and Restriction Endonuclease Digestion of Total

DNA

Unless otherwise specified, electrophoresis was carried out on
a horizontal slab gel of 0.7% agarose (Sigma) which was submersed in
running buffer (40 mM Tris, pH 8.1, 20 mM sodium acetate, 2 mM
Na EDTA) (Davis et al 1980) that was continuously circulated.
2

Whole

plasmid DNA and the restriction fragments obtained from total plasmid
DNA (Quant and Mills 1981) were electrophoresed for 16 hours at
1.5 V/cm and 10 hours at 2.5 V/cm, respectively.

The DNA bands were

stained with ethidium bromide, visualized with short-wavelength UV
light (Quant and Mills 1981), and photographed using a Polaroid MP-4
land camera equipped with a Kodak yellow filter (No. 15), and
Polaroid Type 55 land film.

The size of individual restriction

fragments was calculated from negative tracings (Szabo et al 1981)
using EcoRI and BamHI restriction fragments of bacteriophage lambda
as size standards.
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Restriction of Individual Plasmid Species in Low-Gelling Point
Agarose

Two micrograms of total plasmid DNA were electrophoresed for two
hours at 30 V/cm in a low gelling-point agarose (Sigma) mini-gel
(5.0 x 4.5 x 0.5 cm).

The plasmid species were visualized following

ethidium bromide staining, excised from the gel, and placed in a
500 pl microfuge tube containing 20 pi BamHI or EcoRI restriction
buffer (Davis et al 1980).

The samples were incubated at 70° C for

10 minutes to melt the agarose.

A four-fold excess of BamHI or EcoRI

restriction endonuclease was added and the tubes were incubated for
three hours at 37° C.

The samples were incubated for 10 minutes at

70° C to melt sticky ends, immediately loaded onto a gel, and electrophoresed for 18 hours at 2 V/cm.

The gel was photographed as

described above.

Plasmid Recovery from Agarose Gels

A procedure similar to that described by McDonell et al (1977)
was used to isolate pPP6120.

Approximately 10 lig of total plasmid

DNA from strain PP612 were electrophoresed four hours at 3 V/cm and
the plasmid species (pPP6120, pPP6125) were visualized following
ethidium bromide staining.

The covalently closed and open circular

forms of pPP6120 were cut from the gel, placed in a dialysis membrane
(Spectrapor 1) containing 1.5 ml running buffer, and electrophoresed
into the buffer.

Agarose contaminants were removed by centrifugation

for one minute in a Beckman microfuge (Model B).

An equal mass of

isopropanol was added to the supernatant and the solution was incu-
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bated 60 minutes at -10° C.

The DNA was pelleted by centrifugation

for four minutes in the microfuge and resuspended in 40 pl TE buffer.
Approximately 0.3 pg pPP6120 were isolated by this method, which is
estimated to be a 40 to 50 percent recovery of this plasmid.

Nick Translation of Plasmid DNA and Filter Hybridization

Restriction fragments were transferred from gels to DBM paper
as outlined by Alwine et al (1979).

Plasmid DNA was labeled with
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P-dCTP (New England Nuclear) to a specific activity of 28 to 91

x 10

6

cpm/pg DNA using a nick-translation kit from Bethesda Research

Laboratories, Inc.

Hybridizations of the probe DNA to the blotted

restriction fragments (Alwine et al 1979) were carried out for 22 to
47 hours.

Kodak No-Screen or XAR -5 X-ray film was exposed to the

blots for 18 hours to 26 days.

The blots were prepared for hybrid-

ization to other probes by washing twice in 400 ml 0.4 M NaOH for
30 minutes at 40° C, and four times with 500 ml distilled water.

The

blots were neutralized by soaking 10 minutes in hybridization buffer.

RESULTS

Restriction Endonuclease Analysis of Plasmid DNA

The six strains of Pseudomonas syringae pv. phaseolicola used
in this study have been shown to contain one or two indigenous
plasmids (Quant and Mills 1981) (Figure II-1).

Although the plasmids

varied considerably in size (ca 6.8 to 151 kbp) (Table 11-2), the
total number of kilobase pairs of plasmid DNA in each strain is
comparable, differing maximally by approximately 20 kbp.

Both BamHI
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Figure II-1.

Gel electrophoresis of total plasmid DNA from P. svringae

pv. phaseolicola strains (1) PP601, (2)
(5) PP622, (6) LR721.

PP631, (3) PP652, (4) PP612,

Strain PP652 (lane 3) contains only two plas-

mids; the top band is the open circular (OC) form of the large plasmid.
The OC form of the small plasmid in strain PP612 is indicated; if indicates linear fragments.
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Table 11-2.

Strain

Plasmid size as determined by restriction endonuclease
analysis.

Plasmid Species

Approximate Size (kbp)
BamHI
EcoRI

PP601

pPP6010
pPP6015

41.7
127.6

41.7
130.4

PP631

pPP6310
pPP6015

40.0
127.6

40.9
130.4

PP652

oPP6520
pPP6525

45.4
122.0

PP612

pPP6120
pPP6125

--148.4

6.8
153.6

PP622

pPP6220

150.7

155.3

LR721

pMC7105

148.4

153.7

LR100

pMC10
pMC11

a

Size not determined.

Does not contain a BamHI restriction site.
c

Determined previously (Curiale 1980).

b

ND
ND

ma
ND

165.2c
63.6c
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and EcoRI restriction patterns of total plasmid DNA from these strains
revealed an apparent high level of sequence homology (Fig. 11-2).

The

total plasmid DNA from strains containing two plasmids (Fig. II-2A
and B, lanes 1-4) had restriction patterns which were similar to
those of two larger plasmids, pPP6220 and pMC7105 (Fig. II-2A and B,
lanes 5 and 6).

Since pMC7105 can integrate into the host chromosome

(Curiale and Mills 1982) and new plasmid species can be generated by
excisive recombination (Szabo et al 1981; Curiale and Mills 1982),
we wished to analyze the sequence relationships among the plasmids of
these five strains to determine if they are entirely comprised of
sequences homologous with pMC7105.

In order to identify the restriction fragments that comprise
each plasmid, individual plasmid species were isolated, digested
with restriction endonuclease BamHI or EcoRI, and subjected to gel
electrophoresis.

A representative analysis is presented in Figure

II-3A, which shows the BamHI fragments that comprise pPP6010 and
pPP6015 from strain PP601.

Each band from the digest of total plas-

mid DNA could be assigned to a specific plasmid, and we were able to
demonstrate in some instances that equal-sized fragments were derived from both resident plasmids.

In this manner, the plasmid

species in strains PP612, PP631, and PP652 were also analyzed, and
the results are summarized in Table 11-3.

The plasmid sizes shown in

Table 11-3 differed slightly from previous determinations (Quant and
Mills 1981).

In this study, plasmid size was calculated from the

size of restriction fragments comprising each plasmid, rather than
the migration of whole plasmid DNA.

The small (6.8 kbp) plasmid,

pPP6120, of strain PP612 does not contain a BamHI restriction site,
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Figure 11-2.

Restriction analyses of total plasmid DNA from the

six strains of P. syringae pv. phaseolicola.
(A) EcoRI and (B) BamHI restriction fragments.

Gel electrophoresis of
(1) pPP6010, pPP6015;

(2) pPP6310, pPP6015; (3) pPP6520, pPP6525; (4) pPP6120, pPP6125;
(5) pPP6220;

(6) pMC7105.

Arrows are discussed in text.
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Figure 11-3.

Individual plasmids from strain PP601 restricted with

BamHI and probed with

32

P-labeled pMC7105.

A: gel electrophoresis of

BamHI fragments from (1) pPP6010; (2) pPP6010, pPP6015; (3) pPP6015.
B:

autoradiogram of hybrids formed between

32

P-labeled pMC7105 probe

and filter-bound fragments from gel shown in A.

Arrow indicates frag-

ment from pPP6010 which failed to hybridize to pMC7105.
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Table 11-3.

Size (kbp) of BamMI restriction fragments and extent of homology with pMC7105 and pMC10-pMC11 probe.

Strain
Plasm id

PP601

pPP6010

PP631

pPP6015

pPP6310

PP652

pPP6015

pPP6520

PP6I2
pPP6525

pPP6120411

PP622
pPP6125

,

LR721

pPP6220

pMC7105
1

1

Fragments
1

20.6

34.9

20.6

34.9

18.9

34.9

39.7

39.7

39.7

2

10.9

22.0

9.2

22.0

13.6 *o

20.6 *0

17.1

19.4

17.1

3

8.1

14.1

8.1

14.1

9.2

15.5

13.8

13.8

13.8

4

2.1

12.1

2.1 *+

12.1

2.6 *o

14.1

10.9

10.9

10.9

1.1 *0

5

9.6

9.6

9.4

10.0

10.0

10.0

6

9.1

9.1

8.1

9.1

9.1

9.1

7

7.3

7.3

7.3

8.7

8.7

8.7

8

4.2 +

4.2 +

4.2 +

8.1

8.1

8.1

9

4.0

4.0

4.0

7.3

7.3

10

3.3

3.3

2.1

4.2 +

4.2

11

2.1

2.1

1.3 +

4.0

4.0

4.0

12

1.9

1.9

0.5 +

3.8

3.8

3.8

13

1.3 +

1.3 +

3.3

3.3

3.3

14

1.2

1.2

1.9

1.9

1.9

15

0.5 +

0.5 +

1.8

1.8

1.8

16

1.7 +

1.7 +

1.7 +

17

1.3 +

1.3 +

1.3 +

*

7.3

+

4.2 +

18

1.2

1.2

1.2

19

0.5 +

0.5 +

0.5 +

Total
Size
a

*f

6.8 +

41.7

127.6

40.0

127.6

45.4

122.0

6.8

148.4

150.7

148.4

pPP6120 has no BamIll site; Its size was determined from EcoRI restriction analysis.
fragments which fail to hybridize to pMC7105 probe.

+ - fragments which fail to hybridize to OMCIO-pMCII probe.
o - fragments which hybridize to pMCIO-pMCII, but not to pMC7I05 probe.

O
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and therefore, its size was determined by cleavage with EcoRI, which
produces a single fragment (Fig. II-2A, lane 4, arrow).
The restriction patterns of individual plasmids indicated that
several were nearly identical (Table 11-3).

The largest plasmids

(148-151 kbp), pPP6220, pPP6125, and pMC7105, differed only slightly.

A 17.1 kbp BamHI fragment present in pPP6125 and pMC7105 was absent
from pPP6220, but pPP6220 contained a unique 19.4 kbp fragment.
Although the BamHI profiles of pPP6125 and pMC7105 appeared to be
identical, a 3.9 kbp EcoRI fragment in pMC7105 was absent from
pPP6125 (Fig. II-2A, lane 6, arrow).

Strains PP601 and PP631 each

contained a 127.6 kbp plasmid, previously designated pPP6015 and
pPP6315, respectively (Quant and Mills 1981).

However, these plasmids

appeared to have identical BamHI (Table 11-3) and EcoRI (not shown)
banding patterns.

Consequently, these plasmids are assumed to be

identical and have been given the plasmid designation pPP6015.

These

two strains also contained a smaller plasmid, which differed only by
the presence of a unique 9.2 kbp and 10.9 kbp fragment in pPP6310 and
pPP6010, respectively (Table 11-3).

These two fragments appeared to

share substantial sequence homology since the EcoRI patterns of
pPP6010 and pPP6310 (not shown) were nearly identical.

A 3.6 kbp

fragment was found only in pPP6310, whereas a unique 2.1 kbp doublet
was present in pPP6010.

The doublet can be visualized in the EcoRI

digest of total plasmid DNA from strain PP601 (Fig. II-2A, lane 1,
arrow).

Strain PP652 contained two plasmids, pPP6520 (45.4 kbp) and
pPP6525 (122.0 kbp), which were similar in size to the plasmids in
strains PP601 and PP631, but their restriction patterns suggested
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limited homology.

Eight BamHI fragments, representing 56 percent of

pPP6525, were identical in size to fragments from pPP6015 (127.6 kbp)
(Table 11-3).

However, pPP6525 also appeared to contain three of the

four fragments present in pPP6010 and pPP6310, the smaller plasmids
harbored by strains PP601 and PP631, respectively.

In contrast,

pPP6520, the smaller plasmid in strains PP652, had only one fragment
in common with pPP6310 and none with pPP6010.

Furthermore, pPP6520

and pPP6120 (the 6.8 kbp plasmid which has no BamHI restriction site)
were the only plasmids which had no BamHI fragments in common with
pMC7105.

Sequence Homology with pMC7105 Determined by Filter Hybridization

Southern-blotted BamHI restriction fragments of the individual
plasmid species were hybridized to pMC7105 probe to analyze the
distribution of sequence homology among the fragments.

The results

of hybridizing pMC7105 to the fragments from pPP6010 and pPP6015 are
presented in Figure II-3B.

All of the fragments, with the exception

of a 2.1 kbp fragment present in pPP6010 (lane 1, arrow), hybridized
to pMC7105.

The results of hybridizing pMC7105 to the BamHI fragments

from the plasmid species in the six strains are summarized in Table
11-3.

Only six fragments from the nine plasmids failed to hybridize

to pMC7105.

Three of these fragments (13.6, 2.6, and 1.1 kbp) were

from pPP6520, a plasmid which showed no homology with pMC7105 by
comparative fingerprint analysis.

The remaining two fragments (18.9

and 9.2 kbp) from pPP6520 hybridized weakly to pMC7105, suggesting
that these two plasmids are essentially non-homologous.

Single

fragments from pPP6010, pPP6310, and pPP6525 also failed to hybridize
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to pMC7105.

The smallest plasmid, pPP6120, showed weak hybridization

to pMC7105, as did the 9.2 kbp fragment from pPP6310.

The hybridization data also revealed that some fragments of
equal size from different plasmids were comprised of different DNA
sequences.

Although pPP6525, pPP6010, and pPP6310 each contain a

20.6 kbp fragment, only the fragments from pPP6010 and pPP6310
hybridized to pMC7105.

Similarly, pPP6010, pPP6310, pPP6015, and

pPP6525 contain a 2.1 kbp fragment, but only the fragments from the
latter two plasmids hybridized to pMC7105.

Hybridization of pPP6120 to Total Plasmid DNA

Due to its small size (6.8 kbp) and presence only in a single
strain, we wished to determine if pPP6120 was derived from one of the
other plasmids in these strains.

Labeled pPP6120 was hybridized to

the filter containing BamHI fragments of total plasmid DNA (Fig. II4A and B).

Since pPP6120 lacks a BamHI site, strong hybridization

was observed to both the open and closed circular forms of this
plasmid (Fig. II-4B, lane 4).

No fragments from the other plasmids

showed strong hybridization to pPP6120, suggesting that pPP6120 was
not derived from these plasmids.
7 kbp did show weak hybridization.

However, most fragments larger than
Every plasmid except pPP6520

contained at least one fragment that hybridized weakly to this plasmid and hybridization was detected to several fragments from most
plasmids.

The weak hybridization was not the result of non-specific

hybridization since stringent conditions of hybridization (50 percent
formamide, 42° C) were used.
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Figure 11-4.

Total plasmid DNA from the six strains of P. syringae

pv. phaseolicola probed with pPP6120 and a repeat sequence from
pMC7105.

A: gel electrophoresis of BamHI restriction fragments from

(1) pPP6010, pPP6015; (2) pPP6310, pPP6015; (3) pPP6520, pPP6525;
(4) pPP6120, pPP6125; (5) pPP6220; (6) pMC7105.

B and C: results of

hybridizing filter-bound fragments from gel shown in A with (B)
labeled pPP6120 and (C)
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P-

P-labeled pBE2001, a recombinant plasmid

consisting of pBR325 and a repeat sequence isolated from BamHI
fragment 8 of pMC7105.

pBR325 shows no homology to total cellular

DNA from P. syringae pv. phaseolicola (Szabo and Mills, unpublished
results).
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Hybridization of a Repeated Sequence from pMC7105 to Total Plasmid DNA

A 3.2 kbp sequence from BamHI fragment 8 of pMC7105 contains the
site at which integration of this plasmid into the host chromosome
occurred and is also known to contain a repeated sequence (Szabo and
Mills 1982).

This fragment has been subcloned into pBR325 and the

resulting plasmid, pBE2001 (Szabo, personal communication), was used
to probe for the presence of the repeat sequence on the BamHI fragments from the phaseolicola plasmids (Fig. II-4A and C).

This se-

quence hybridized to many fragments from each strain, but failed to
hybridize to the fragments from pPP6310, pPP6520, and pPP6120.
Furthermore, the repeat sequence hybridized to BamHI fragment 8 of
pMC7105 (from which it was derived), pPP6125, and pPP6220,-but
unexpectedly, failed to hybridize to a fragment of equal size (8.1
kbp) from pPP6010, pPP6310, and pPP6525.

Homology Between Plasmids from Two P. syringae Pathovars

A lack of homology between pMC7105 and certain fragments from
pPP6010, pPP6310, pPP6520, and pPP6525 suggested that some sequences
on the phaseolicola plasmids may have been derived from exogenous
sources of DNA, such as plasmids of closely-related pathovars.

To

test this hypothesis, total plasmid DNA from P. syringae pv. glycinea
strain LR100, which contains two cryptic plasmids, pMC10 (165 kbp) and
pMC11 (64 kbp) (Curiale 1980), was labeled and used to probe the
BamHI fragments of total plasmid DNA from the six phaseolicola strains.
The pMC10-pMC11 probe hybridized to all but a few fragments in all six
strains (Table 11-3).

Furthermore, the four BamHI fragments from
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pPP6520 and pPP6525 that showed no homology to pMC7105 hybridized to
the glycinea probe.

In addition, two of these fragments, from pPP6520,

were equivalent in size to BamHI fragments from pMC11 (Fig. 11-5).
Presently, it is not known if these similar-sized fragments share
sequence homology.

Rather, the glycinea sequences having homology

with the two fragments from pPP6520 could be located elsewhere on
pMCll, pMC10, or both.

DISCUSSION

The data in this work and a previous study (Quant and Mills 1981)
indicate that total plasmid DNA in five strains of P. syringae pv.
phaseolicola has extensive homology with a large integrative plasmid,
pMC7105 (Szabo et al 1981; Curiale and Mills 1982), found in a sixth
strain.

The nine plasmids in these six strains could be assigned to

four discrete size classes of 6.8, 40-45, 122-128, and 148-151 kbp.
Plasmids belonging to each of these size classes have been detected
previously in other strains of this pathovar (Gantotti et al 1979;.
Jamieson et al 1981).

BamHI restriction patterns of the smaller

plasmids in strains HB-20 and HB-36 (Gantotti et al 1979) appear to
be similar to the patterns of pPP6010 (strain PP601) and pPP6520
(strain PP652) generated in this study.

Strains PP601 and PP652 are

believed to be subcultures of HB-20 and HB-36, respectively.

However,

until the plasmids are analyzed together, no conclusions regarding
their homology can be made.

Several of the plasmids characterized in the present study appear
to have had a common ancestral origin.

The large plasmids (148-151

kbp) appeared to be essentially identical, and the slight differences
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Figure 11-5.

Gel electrophoresis of restriction fragments generated

by BamHI digestion of plasmids (1) pMC7105; (2) pMC11; (3) pPP6520,
pPP6525.

Arrows indicate fragments from pMC11 and pPP6520 which

appear similar in size.
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in their restriction patterns could be due either to deletion or insertion of a small sequence of DNA.

Although transposable elements

remain to be identified in this pathovar, transposition events in a

closely-related pathovar, P. syringae pv. savastanoi (Comai and
Kosuge, personal communication), and in P. putida (Chakrabarty et al
1978) and P. aeruginosa (Stanisich et al 1977), have been reported.
Two smaller plasmids may also differ primarily by the presence or
absence of a repeat sequence.

The EcoRI profiles of pPP6010 and

pPP6310 differ only by a 2.1 kbp doublet and a 3.6 kbp fragment,
respectively.

It can be argued that the 2.1 kbp doublet is contained

within the 10.9 kbp BamHI fragment from pPP6010 and the 3.6 kbp fragment is contained within the 9.2 kbp BamHI fragment from pPP6310.
These two BamHI fragments represent the only difference in the BamHI
profiles of pPP6010 and pPP6310 and, therefore, would be expected to
contain the unique EcoRI fragments.

Since the EcoRI profiles differed

only by two bands comprising 3 to 4 kbp of DNA, the 9.2 kbp fragment
is expected to have at least 60 percent homology with the 10.9 kbp
fragment.

The 10.9 kbp fragment hybridized strongly to probes of

pMC7105 and the repeated sequence isolated from BamHI fragment 8 of
pMC7105, whereas the 9.2 kbp fragment hybridized weakly to pMC7105
and not at all to the repeat sequence.

These results indicated that

the pMC7105 probe hybridized primarily (if not entirely) to the region
of the 10.9 kbp fragment that contains the repeat sequence.

A detailed

restriction map of the 10.9 kbp and 9.2 kbp fragments, as well as
additional hybridization studies, will be required to determine if
these two fragments do indeed differ only by a repeat sequence.

The

two strains which contain either pPP6010 or pPP6310 also contain an
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identical 128 kbp plasmid, which suggests that one strain could have
been directly derived from the other by the insertion or deletion of
a transposable element.

Restriction analysis (Gantotti et al 1979; Curiale 1980; Gonzalez
and Vidaver 1980; Quant and Mills 1981; Piwowarski and Shaw 1982) and
Southern-blot hybridization (Curiale 1980; Jamieson et al 1981;

Piwowarski and Shaw 1982) have been used to determine relatedness
among plasmids within pathovars of P. syringae.

In addition,

Piwowarski and Shaw (1982) have demonstrated that different pathovars
may contain identical plasmids.

Using restriction analyses and filter

hybridizations, a 49.8 Mdal plasmid identified in several strains of
P. syringae pv. angulata was shown to be present in a strain of the
pathovar tabaci.

In the present study, we observed that most plasmids

from P. syringae pv. phaseolicola have homology with plasmid DNA from
the pathovar glycinea, and some sequences hybridized to glycinea
plasmid DNA, but not to pMC7105.

Previous results from solution

hybridization studies (Quant and Mills 1981) indicated that pPP6220, a
plasmid essentially identical to pMC7105, had 76 percent homology with
the combined sequences from pPP6520 (45 kbp) and pPP6525 (122 kbp).

Filter hybridization identified several BamHI fragments from these
plasmids that had little or no sequence homology with pMC7105 probe
(Table 11-3).

The remaining fragments (ca 100 kbp) total 68 percent

of the size of pMC7105, and this amount of homology is comparable with
that obtained from solution hybridization to pPP6220 probe.

Further-

more, the fragments having significant homology with pMC7105 were
derived entirely from pPP6525, and comprised approximately 83 percent
of that plasmid.

The smaller plasmid, pPP6520; had little homology
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with pMC7105, and significantly, three of its five BamHI fragments, as
well as a 20.6 kbp fragment from pPP6525, failed to hybridize to
pMC7105 probe but showed strong hybridization to plasmid probe from
P. syringae pv. glycinea.

These were the only phaseolicola plasmids

that contained fragments which hybridized exclusively to glycinea
plasmid probe, suggesting that they might have originated by recombination of sequences from different pathovars.

However, we cannot

exclude the possibility that the apparent high level of homology is
due to the presence of a common repeat sequence on these plasmids.
Hybridization of whole-plasmid probe to heterologous, restricted
plasmid DNA also allowed the differentiation between some fragments
of equal size which have dissimilar sequences.

Restriction analysis

alone suggested that pPP6010, pPP6310, and pPP6525 contained a common
20.6 kbp BamHI fragment, but differential hybridization to pMC7105
probe indicated that the fragment from pPP6525 was different from
those present in pPP6010 or pPP6310.

However, the limitations of

using whole-plasmid probe became apparent when the plasmids were
determined to contain repeated sequences.

The small plasmid, pPP6120

(6.8 kbp), hybridized weakly to fragments from most plasmids and,

therefore, the homology was assumed to result from a repeat sequence.
This repeat sequence was shown by filter hybridization to be different
from the repeat sequence first identified on BamHI fragment 8 of
pMC7105 (Szabo and Mills 1982), which was also common to most of the
plasmids.

Any plasmid probe containing these two repeat sequences,

which together comprise less than 10 kbp, would hybridize to 11 of the
19 Baran fragments from the large (ca 150 kbp) plasmids.

These 11

fragments represent 90 percent of the sequences from these plasmids.
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Recently, several small plasmids, comparable to pPP6120 in size, were
discovered in strains of the pathovar phaseolicola (Jamieson et al
1981).

Probe made from one of these plasmids failed to hybridize to

larger phaseolicola plasmids, indicating that it was not a dissociation product from any of these plasmids.

However, if hybridization

had been detected, any speculation concerning the possible origin of
these plasmids must take into account the possibility that the
homology could be due entirely to the occurrence of repeat sequences.
Repetitive sequences are likely to be found on most phaseolicola
plasmids and, perhaps, on plasmids from other pathovars of P. syringae
(Comai and Kosuge, personal communication).

Therefore, probes made

from specific regions of plasmids may be required to obtain meaningful
data about sequence homology between some similar-sized fragments.

In

this study, restriction analysis of total plasmid DNA and filter
hybridization to pMC7105 whole-plasmid probe suggested that one plasmid in each strain contained an 8.1 kbp fragment identical to BamHI
fragment 8 of pMC7105.

However, when probed with the repeat sequence

from BamHI fragment 8 of pMC7105, the 8.1 kbp fragment from pPP6010,
pPP6310, and pPP6525 failed to hybridize, indicating that these fragments were similar in size but not identical to BamHI fragment 8.

This

discovery may have provided an important clue regarding the origin of
these plasmids.

Integration of pMC7105 into the host chromosome

occurred within BamHI fragment 8 (Szabo and Mills 1982), resulting in
the formation of two plasmid-chromosome juncture fragments which contain portions of BamHI fragment 8.

Only when excisive recombination

occurs precisely at the site of integration will BamHI fragment 8 be
recovered intact.

Although it is unclear whether any of the plasmids
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from strains PP601, PP631, or PP652 are excision plasmids, none contains intact BamHI fragment 8 from pMC7105.

The identification of

chromosomal sequences on the plasmids from these strains, or con
versely, the demonstration that non-repetitive sequences from pMC7105
are present in the chromosome of these strains, would suggest that one,
or both, of the plasmids in each strain is an excision plasmid.
The generation of new plasmid species by dissociation of a
larger plasmid or cointegration of smaller plasmids has been reported
for P. putida (Chakrabarty et al 1978) and Agrobacterium rhizogenes
(White and Nester 1980a).

However, if pMC7105 is a cointegrate-or if

the smaller plasmids of strains PP601, PP631, and PP652 are dissociation products-subsequent major changes must have occurred in these
plasmids.

The combined plasmid sequences in each of these strains are

20 kbp larger than pMC7105, and each plasmid has several BamHI fragments which fail to correspond in size with those of pMC7105.

Further-

more, four of the five plasmid species in these three strains have
fragments which have no homology with pMC7105.

The probable origin of

two smaller plasmids, pPP6010 and pPP6310, is not obvious because
they contain some fragments with only limited homology with pMC7105,
as well as a 2.1 kbp fragment which lacks homology to both phaseolicola
and glycinea plasmid DNA.

Determining the origin of the 2.1 kbp

fragment might provide a clue as to the origin of these plasmids.
No functions have been ascribed to any of the plasmid species
examined in this study, except for the integrative property of pMC7105.
However, certain fragments appear to be conserved on the large (148151 kbp) and intermediate (122-128 kbp) plasmids.

Restriction analysis

of the excision plasmids from pMC7105 has revealed that only BamHI
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fragment 9 (7.3 kbp) is common to all of the excision plasmids (Szabo
et al 1981; Curiale and Mills 1982; Poplawsky et al 1982), and a fragment of this size was also present in pPP6015 and pPP6525, intermediate-sized plasmids which appear to be derived from a large plasmid
species related to pMC7105.

It is possible that this region contains

the origin of replication of pMC7105 and related plasmids, and is
essential for plasmid maintenance.

CONTRIBUTIONS

I wish to thank Leslie J. Szabo for providing
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P. syringae pv. glycinea strain LR100.
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GENERAL CONCLUSIONS

Five strains of Pseudomonas syringae pv. phaseolicola contained
a total of eight plasmid species.

Four plasmids had extensive homology

with pMC7105, a 148 kbp integrative plasmid from a sixth phaseolicola
strain.

Two of these plasmids were essentially identical to pMC7105.

The other two plasmids, pPP6015 and pPP6525 (122-127 kbp), are closely
related to pMC7105, but have several BamHI restriction fragments
which are dissimilar in size to fragments from pMC7105 but have homology to pMC7105.

These two plasmids could have been derived from

pMC7105, or a similar plasmid, by one of the following mechanisms:
(1) recombination within the ancestral plasmid, in conjunction with

deletions from the plasmid; (2) integration of the ancestral plasmid
into the host chromosome, followed by the subsequent generation of
smaller excision products; and (3) dissociation from the ancestral
plasmid.

However, other events also have played a part in the

evolution of pPP6525, since this plasmid contains a BamHI fragment which has no homology with pMC7105.

In addition, four

phaseolicola plasmids showed little to no homology with pMC7105.
Three of these plasmids did show homology with plasmid DNA from P.
syringae pv. glycinea.

It is not known whether this homology is due

to the presence of common repeat sequences or to genetic exchange
between pathovars.

Repeat sequences were identified on all but one

phaseolicola plasmid, and probably have played a major role in the
derivation of these plasmids.
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