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In Planta Conjugal Transfer of Plasmids from Phytopathogenic
Pseudomonas syringae Pathovars into Epiphytic Bacteria

Mamoru SATO*, Haruko MORINAGA*' and Koushi NISHIYAMA**

Abstract

In planta conjugal transfer of a native plasmid pBPW1 of Pseudomonas syringae and a broad host
range plasmid RSF1010 among plant-associated bacteria was investigated. The plasmid pPBPW1::Tn7
harbored in P. syringae pv. atropurpurea NIAES 1309 transferred into epiphytic Pseudomonas viridiflava
Ko8 at a high frequency by in planta mating on Italian ryegrass. The transfer frequency was much higher
than that of in vifro mating. The plasmid pPBPW1::Tn7 also transferred into epiphytic Erwinia herbicola
DWI1 and Mei3 in Italian ryegrass, although it did not replicate in Mei3 strain. In mulberry leaves,
RSF1010 plasmid was mobilized by pBPW1 at a high frequency from P. syringae pv. mori Ni27 into E.
herbicola DW1 and Mei3, showing that pBPW1 also transferred and replicated in DW1 strain. Thus, i
planta conjugal transfer of these plasmids between plant-pathogenic P. syringae pathovars and popular
epiphytic bacteria was confirmed by mating on Italian ryegrass and mulberry.
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INTRODUCTION

In planita gene transfer among bacteria is of major
importance in the understanding of how plant-associated
bacteria genetically interact each other and evolve.
However, so little work has been reported concerning
this subject. Direct evidence for in planta transfer of a
native plasmid between plant-associated bacteria was
demonstrated in the following studies; transfer of tumor
inducing plasmid (Ti) from Agrobacterium tumefaciens
into non-pathogenic Agrobacterium on plants®®, transfer
of coronatine-inducing plasmid (pCOR1) from Pseudo-
monas syringae pv. atropurpurea to the avirulent strain
of this bacterium on Italian ryegrass®, and transfer of
copper resistance plasmid between P. syringae pv. syrin-
gae strains on bean plants'?. Moreover, Yano and Fujii
(1983) reported on transmissible agent conferring resis-
tance to streptomycin in P. syringae pv. lachrymans
although its plasmid nature was not established!®.

As for inm planta conjugal transfer among plant-
associated bacteria using drug resistance plasmid (R
plasmids) originated from clinical bacteria, some works
were reported. Lacy (1978) described the transfer of RP1
plasmid between Erwinia chrysanthemi strains on maize
plant?. Similar results were demonstrated in mating
between P. syringae pv. syringee and P. syringae pv.
Dhaseolicola on excised bean plants® or among P. syrin-
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In planta gene transfer, Pseudomonas syringae, Pseudomonas vividiflava, Erwinia

gae, Erwinia herbicola and FErwinia amylovola in
detached pear blossoms®. In planta transfer of RP4 in
field level was demonstrated in mating between Xantho-
monas campestris pv. corylina and Erwinia herbicola in
hazelnut tissues”.

In the present study, i planta conjugal transfer of the
native plasmid pBPW1 of P. syringae*") and mobilization
of RSF1010 by pBPW1 between P. syringae pathovars
and popular epiphytic bacteria, P. viridiflava and E.
herbicola are demonstrated.

MATERIALS AND METHODS

Bacterial strains and plasmids. Used bacteria
and plasmids, and their relevant characteristics are
shown in Table 1. Epiphytic bacteria were isolated by
the following procedures; One gram of fresh leaves were
submerged in 20 ml of sterile distilled water and shaken

.violently for 30 min to remove bacteria, and leaf wash-

ings were plated on modified LB medium (polypeptone
10 g, yeast extract 5g, NaCl 10 g, agar 15 g, distilled
water 1 litter) and cultured at 25°C. Many species of
epiphytic bacteria were isolated from 15 species of
plants. Three strains were selected in the present study
since they are able to multiply in wounded leaves of
Italian ryegrass and/or mulberry when co-inoculated
with plant-pathogenic bacteria. One strain, an epiphytic
bacterium named Ko8 isolated from Brassica campestris
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L (Komatsuna), was identified as Pseudomonas viridi-
flava from the following properties; Gram reaction nega-
tive, Fluorescent pigment production on King’s B
medium, Arginine dihydrolase absent, Oxidase-negative,
Utilization of carbohydrates; Sucrose(—), Trehalose
(—), Lactose(—), Sorbitol(+), Inositol(+), Dulcitol(—),
Green pigment production on PPGA medium, no growth
at 40°C and other properties obtained from API 20NE
identification kit (profile index; 0457451). The strain Ko8
did not induce HR (hypersensitive reaction) on tobacco
leaves.

Two yellow pigmented strains, an epiphytic bacterium
named DW1 isolated from mulberry leaves and a bacte-
rium named Mei3 isolated from mulberry pyralid (Gly-
phodes pyloalis) were identified Erwinia herbicola from
the following properties; results from API 20E identi-
fication kit (profile index 1005133), Acid production from
carbohydrates; Inositol(—), Raffinose(—), Cellobiose
(=), Glycerol(—). Both strains did not induce HR on
tobacco leaves.

Rifampicin resistant mutants of P. wviridiflava Ko8
(Ko8 Rif) was obtained by direct selection on LB
medium supplemented with 20 xg/ml of rifampicin.

In planta and in vitro mating. Potted Italian
ryegrass or mulberry trees were inoculated with donor
and recipient bacterial strains (approximately 10® cfu/
ml) using the needle prick method. Inoculated plants
were kept in a green house at around 25°C. At several
days interval, inoculated puncture zones were cut off
from each plants, homogenized in ca. 2ml of sterile
distilled water, and plated on selective media. In mating
between P. viridiflava Ko8 Rif and P. syringae pv.
atropurpurea NIAES 1309 (pBPW1::Tn7), LB medium
supplemented with streptomycin (20 xg/ml) and rifam-
picin (20 xg/ml) was used as a selective medium. Recipi-
ent cells were counted on LB medium supplemented
with Rif (20 zg/ml). In the case of the mating between E.
herbicola recipient and streptomycin resistant donor, P.
syringae pv. mori Ni27 (pBPW1, RSF1010), selection of
transconjugants was performed in LB medium supple-
mented with streptomycin by incubating at 37°C. Recipi-
ent cells were counted on LB medium at 37°C.

In vitro mating was performed on membrane filters
(Millipore Co.), overnight at 25°C. Selection was
performed by above-mentioned methods, excepting the

Table 1.

mating with recipient P. syringae pv. mori Ni27 using a
minimal tartrate medium'® supplemented with strepto-
mycin (20 xg/ml).

Plasmid detection. Plasmid DNA isolation was
performed as described by Birnboim and Doly? and
analyzed by agarose gel (0.9%) electrophoresis with
Tris-borate buffer (89 mM Tris-base, 2.5 mM disodium
EDTA, 8.9 mM boric acid, pH 8.0).

RESULTS

In vitro and in planta mating between Pseudo-

monas syringae pathovars and Pseudomonas

viridiflava

First, P. syringae pv. atropurpurea NIAES 1309
(pBPW1::Tn7) was mated with recipient P. viridiflava
Ko8 Rif on membrane filter. The plasmid pBPW1::Tn7
transferred into the recipient strain at a frequency of
5.7X 1075 per a recipient cell. Next, the transconjugant
Ko8 Rif (pBPW1:Tn7) was mated with recipient P.
syringae pv. mori Ni27. The plasmid transferred into the

Fig. 1. Agarose gel electrophoresis of pBPW1::Tn7
transferred into P. viaridiflava from P. syringae
pv. atropurpurea by mating in Italian ryegrass.
Lane 1, a donor strain P. syringae pv. atropur-
purea NIAES 1309 (pCOR1, pBPW1:Tn7);
Lane 2, a recipient strain P. viridiflava Ko8 (no
plasmid); Lane 3, transconjugant P. viridiflava
Ko8 (pBPW1:Tn7). An arrow indicates
pBPW1::Tn7 plasmid.

Bacterial strains and plasmids

Strain or (plasmid)

Relevant characteristics and origin

P. syringae pv. atropurpurea
NIAES 1309 (pBPW1::Tn7)
P. syringae pv. mori Ni27
P. syringae pv. mori
Ni27 (pBPW1, RSF1010)
P. viridiflava Ko8 Rif
Erwinia herbicola Mei3
Erwinia herbicola DW1

SMr, TP ; See reference (10)
Wild type ; See reference (10)

SM" SU"; See reference (10)

Rif", Wild strain was isolated from Brassica campestris leaves
Isolated from a mulberry pyralid

Isolated from mulberry leaves

SMr, TPr, SU", Rif" represent resistance to streptomycin, trimethoprim, sulfonamid and rifampicin, respectively.
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Table 2.
purea by in planta (Italian ryegrass) mating

Transfer frequency of pBPW1:Tn7 into Pseudomonas viridiflava Ko8 from Pseudomonas syvingae pv. atropur-

Period (days) of i planta mating

0 1

3

ND ND

2.8x107°

7.7X10°2 5.9x10"?

Figures show transfer frequency of plasmid per recipient cell.

ND: Not detected.

Table 3. Transfer frequency of pPBPW1::Tn7 plasmid or Tn7 into Erwinia herbicola strains from Pseudomonas syringae
pv. atropurpurea by in planta (Italian ryegrass) mating
Recipient Period (days) of in planta mating Transferred
0 1 3 5 8 DNA
DW1 ND 1.2x1073 54x107* 3.2X107* 1.4X107! pBPW1::Tn7
Mei3 ND ND 1.2Xx1073 3.2X107* 2.5X1072 Tn7

Figures show transfer frequency of the plasmid or transposon per a recipient cell.

ND: Not detected.

strain Ni27 at a frequency of 1.4X107* per a recipient
cell. Moreover, Ni27(pBPW1::Tn7) was mated with Ko8
Rif again and the plasmid transferred into Ko8 at a
frequency of 1.2X1073 per a recipient cell. The presence
of pPBPW1::Tn7 plasmid in recipient cells was confirmed
by electrophoresis (data not shown) and the appearance
of antibiotics resistance (streptomycin and trimetho-
prim) originated from Tn7.

Thus, the consecutive transfer of pBPW1::Tn7 among
P. syringae pathovars and P. vividiflava was confirmed
although transfer frequencies varied in each mating
combination.

Then, P. syringae pv. atropurpurea NIAES 1309
(pBPW1::Tn7) was mixed with P. viridiflava Ko8 Rif
and the mixture was inoculated into Italian ryegrass.
The transfer of pBPW1 into P. viridiflava Ko8 Rif was
found on 3 days later (Fig. 1), but was not detected on 0
and 1 day after inoculation. As shown in Table 2, trans-
fer frequency of the plasmid tended to increase during 8
days after inoculation, showing much higher frequency
than that (5.7X107® per a recipient cell) of in wvitro
mating in the same mating combination. Transfer fre-
quency at 8 days of in vitro mating was maintained in
the similar levels.

In planta mating between Pseudomonas syringae

puv. atropurpurea and Erwinia herbicola on

ITtalian ryegrass

In planta transfer of pBPW1::Tn7 into E. herbicola on
Italian ryegrass was investigated using two recipient
strains. In the first mating set, P. syringae pv. atvopur-
purea NTAES 1309 (pBPW1:Tn7) was mated with E.
herbicola DW1. The plasmid transferred into the recipi-
ent strain at a very high frequency (107! to 107% on 3, 5
and 8 days after inoculation, although it was not detect-
ed or detected only at a lower frequency on 0 or 1 day
after inoculation (Table 3, Fig. 2).

In the another mating set, E. herbicola Mei3 was used
as a recipient. In this case, the transconjugants were
obtained on 3 days later after inoculation at much lower

1234567

Agarose gel electrophoresis of plasmid DNA
transferred into Erwinia herbicola strains from
Pseudomonas syringae pathovars by in planta
mating. Lane 1-4, In planta (Italian ryegrass)
mating hetween Pseudomonas syringae pv.
atropurpurea NIAES 1309 (pBPW1:Tn7) and
Erwinia herbicola DW1 or Mei3 strain ; Lane 1,
DW1 wild type ; Lane 2, DW1 acquired pBPW1::
Tn7 (39 Mdal, arrow); Lane 3, Mei3 wild type ;
Lane 4, Mei3 acquired only Tn7 (pBPWI1 do
not replicate). Lane 5-7, In planta (mulberry)
mating between Pseudomonas syringae pv. movi
Ni27 (pBPW1, RSF1010) and Erwinia herbicola
DWI1 or Mei3 strain; Lane 5, a donor strain
Ni27 (pBPW1, RSF1010); Lane 6, DW1 acquired
both plasmids of pPBPW1 (30 Mdal, arrow) and
RSF1010 (5.5 Mdal, arrow); Lane 7, Mei3
acquired PSF1010 (5.5 Mdal, arrow), wild types
of DW1 and Mei3 are shown at lane 1 and lane
3, respectively.

Fig. 2.

frequency (1.2Xx107%) than that (5.4 x107!) of the first
mating set of 1309 (pBPW1::Tn7)/DW1. In any trans-



Ann. Phytopathol. Soc. Jpn. 61 (2).

April, 1995 117

Table 4. Mobilizing transfer frequency of RSF1010 plasmid from Pseudomonas syringae pv. mori into Erwinia herbicola
strains by in planta (mulberry) mating
. Period (days) of in planta mating
Recipient
0 1 3 8
DW1 ND 2.2X1072 3.9X102 3.1%x1072
Mei3 ND 2.9X107 1.0x1072 1.2x107!

Figures show transfer frequency of the plasmid per a recipient cell.

ND: Not detected.

conjugants, however, pPBPW1:Tn7 was not detected.
Since Tn7 markers of streptomycin and trimethoprim
resistance were maintained in the transconjugants, it
was thought that pBPWI1 transferred but did not rep-
licate in the strain Mei3. That shows that pBPW1
behaved as a suicidal plasmid in this strain. Transfer
frequencies of pBPW1:Tn7 by i vitro mating into the
recipient strains DW1 was about 10~* and that of Tn7
into the recipient strain Mei3 was about 10~%, showing
much lower frequencies than those of iz planta mating.

In planta mating between Pseudomonas syringae

pv. mori and Erwinia herbicola on mulberry

In planta transfer of a broad host range plasmid
RSF1010 by mobilization using pBPW1 was investigated
by two sets of inoculation experiments. In the first set,
P. syringae pv. mori Ni27 (pBPW1, RSF1010) was mated
with E. herbicola DW1. The plasmid RSF1010 transfer-
red into recipient cells on 1 days later after inoculation
and the high transfer frequency (1072 was maintained
during 8 days (Table 4). The plasmid pBPWI1 co-
transferred was detected in some transconjugants after
electrophoresis (Fig. 2). In the another mating set using
the recipient strain Mei3, high frequencies of transfer of
RSF1010 were also confirmed on 3 and 8 days after
inoculation. However, pBPW1 plasmid was not detected
after electrophoresis in any transconjugants as shown in
the previous experiment of Table 3.

DISCUSSION

In the present study, in planta transfer of a native
plasmid pBPW1 of Pseudomonas syringae among plant-
associated bacteria such as P. syringae pv. atropurpurea,
pv. mori, P. wviridiflava and Erwinia herbicola was
confirmed. Although P. syringae pathovars and P.
viridiflava are pathogenic to some species of plants, they
are able to grow epiphytically on a wide variety of plant
host. E. herbicola is one of the most popular epiphytic
bacteria and these E. herbicola-group bacteria including
Erwinia ananas were the most dominant flora on mul-
berry leaves in our recent work (our unpublished data).
The confirmation of gene transfer at a high frequency
among these popular epiphytic and pathogenic bacteria
may be significant from the view of evolution of plant
pathogenic bacteria. Although this is the first report of
in planta transfer of a native plasmid into E. herbicola,
a work using a non-native plasmid, drug-resistant RP4
originated from clinical bacteria, has been reported.

Manceau et al. (1986) showed that the transfer of RP4
took place from Xanthomonas campestris pv. corylina
into E. herbicola when inoculated in hazelnut tissues”.
These results suggest that gene exchange mediated by
plasmid among plant-associated bacteria may be a com-
mon event under natural field conditions. To know
whether it is “a common event” or not, however, more
information are needed. For example, how population of
highly and widely conjugative plasmid like pBPW1 used
in this experiment exists in nature and how often bacte-
rial conjugation occurs in natural habitats, and other
informations will be required. .

The plasmid pBPW1 is a naturally found self-trans-
missible plasmid of P. syringae pv. tabaci BR2'™ and
transferred into many species of bacteria which includes
enteric bacteria and several pseudomonads®!V. In this
study, some strains of E. herbicola and P. viridiflava
were newly confirmed to be a host bacterium of pPBPW1
plasmid. In recipient E. herbicola Mei3, however, the
plasmid did not replicate after transferring. Similar
results have been obtained in the recipient strains of P.
syringae pv. mori and P. syringae pv. eviobotryae®.

In planta transfer frequencies on Italian ryegrass
were much higher than those of iz vitro mating. Similar
results were described in some reports. Lacy (1978)
showed that the transfer frequency of RP1 between
marked Erwinia chrysanthemi strains when inoculated
to maize plants was 1072 to 1072 per donor comparing to
103 per donor in parallel ¢ vitro matings®. Transfer
frequencies of RP1 between E. herbicola or P. syringae
as the donor and an E. amylovora recipient on detached
pear blossoms were much higher than that of in wvitro
mating®. The reasons of “accelerating of transfer fre-
quency in plants” are still uncertain. Ti plasmid of
Agrobacterium tumefaciens are highly repressed for
conjugal transfer on media, but genes involved in con-
jugational transfer are activated by octopin produced in
plants after inoculation®®. The pCORI1 plasmid of P.
syringae pv. atropurpurvea is also mobilized by pBPW1
only at in planta mating, suggesting that some plant
factors may induce mobilizing transfer of pCOR1?.
Some unknown plant substances may play a role in
accelerating transfer frequency of the plasmid. In other
possibilities, physiological or physical state of bacterial
bodies growing iz plania may be more suitable for
plasmid transfer than that of iz witro culture. More
information are required to prove these possibilities.
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R 5F - FRBTF - AIL=EA IR R M Pseudomonas
syringae pathovarsh &EEHMEND 77 X 3 FDin plantati
GinE

Pseudomonas syringae D75 A 3 ¥ T¥h 3 pBPWI1 LILE
FH 77 X 2 F RSF1010 OHEYR RN & ZEEMEM D in
planta BEEEEIC DOV THNT, P. syringae pv. atropurpurea
NIAES 1309 NOZFZ A 2 K pBPW1:Tn7 345V 7>74
T2 ATOD in planta BE W X > TZEHE D Pseudomonas
viridiflava Ko8 WEHE TRBAT Uz, Z DEREEER in vitro
BEIVEZIDLICEDP T, £z, pPBPW1:Tn7 3457 V7 >
4 75 A T Erwinia herbicola DW1 & Mei3 I BT U2
75, DW1hTiEHE T Tn7 OAERL, —FH, 771
BWTIE, pBPW1 Oa[EMEIc X D RSF1010 3 P. syringae pv.
mori 225 E. herbicola DW1 ¥ Mei3 WBHEETIEELR, Z
D& D pBPW1 1 DWI1 TIFEE L L o7, MLk dig,
IS 7I A RY P syringae O 2 DD pathovar & HRFIZ
LSBT % 2BOEEME &L OMT in planta BEinE%E
BITIEPHELSLIE ST,
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