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Abstract

Transposons are mobile genetic elements found within the genomes of various organisms including bacteria, fungi, plants and animals.
Fragments of the transposon Tn1721 were found included in the genome of Xylella fastidiosa strain 9a5c. Regions from such fragments
were PCR-amplified using specially designed primers (TNP; and TNP,). In order to detect insertions of the Tn1721 element, both primers
were used and one of them included a region of the transposon (TNP;) and the other one had the right repeat and part of the bacterial
chromosome (TNP;). The PCR products obtained from strain 9a5c were used as a pattern for fragment size comparisons when DNA
samples from other X. fastidiosa strains were used as template for the PCR assays. Differences were observed concerning the PCR
products of such amplifications when some X. fastidiosa strains isolated from grapevine and plum were used. For the citrus-derived strains
only the strains U187d and GP920b produced fragments with different sizes or weak band intensity. Such variations in the X. fastidiosa
genome related to disrupted Tn1721 copies are probably due to the possibility of such a transposon element being still able to duplicate
even after deletion events might have taken place and also because the bacterial strains in which the main differences were detected are

derived from different host plants cultivated under different climate conditions from the one used as reference. © 2002 Federation of
European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Citrus variegated chlorosis, also known as ‘amarelinho’,
is caused by Xylella fastidiosa, a Gram-negative bacterium,
and is presently one of the most important diseases of the
current Brazilian citriculture [1].

This bacteriosis is transmitted by insects (sharpshooters,
leafhoppers) that feed on xylem sap [2] and has been
found on crops of agronomical importance such as citrus,
grapevine, coffee and plum as well as on less important
plants such as urban, forest and herbal ones [3].

X. fastidiosa genome is made up of a circular chromo-
some with 2679305 bp with a CG content of 52.7% and
two plasmids with 51 158 and 1285 bp [4].

Through the sequencing of its genome (Genome Project/
FAPESP), around 4.92% of mobile genetic elements were
found to be inserted within the genetic material of this
phytopathogenic bacterium [4].
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Transposons are normal genome constituents found in
many prokaryotic and eukaryotic species [5]. The transpos-
able element named Tnl721 resembles the bacterial trans-
poson Tn3 [6] and is a member of the Tn21 subgroup that
includes Tn21 itself and the Tn501 element. The Tnl721
element harbors a 3.8-kb region which contains the follow-
ing genes: the transposase (tnpA), the resolvase (tnpR) and
a resolution site (res), which are important for its trans-
position [7], and when transposition takes place it generates
5-bp direct repetitions on the target DNA [§8]. The Tn1721
element has a complete sequence of 11200 bp [9,10].

The transposon multiple site insertion potential, togeth-
er with the potential to change multiple loci causing struc-
tural and regulatory changes through a single event, has
been proposed as one of the most current common mech-
anisms supporting fast evolution steps [11].

The genetic rearrangements induced by certain mobile
elements allow a direct selection value to the organism or
to its further descendants, giving a simple, straight and
satisfactory answer towards the real biological function
of these elements [11].

This work had the objective to verify the presence of the
mobile element Tnl1721 in different X. fastidiosa strains.
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Table 1

Strains of X. fastidiosa

Strain Host Disease Source
9as5c citrus CcvC INRA [4]
B-14 citrus CvC CCSM
CVC#5 citrus CvC USDA
GP920b citrus CcvC CCSM
M2-1 citrus CvC CCSM
Ul61b citrus CvC CCSM
U187d citrus CcvC CCSM
U195¢ citrus CvC CCSM
U1575b citrus CvC CCSM
10348 citrus CcvC IAPAR
10438 citrus CvC TAPAR
11037 citrus CvC TAPAR
11038 citrus CcvC IAPAR
11066 citrus CvC TAPAR
11067 citrus CvC TAPAR
11347 citrus CvC TAPAR
11348 citrus CvC TAPAR
11380 citrus CvC TAPAR
11399 citrus CvC IAPAR
11400 citrus CvC TAPAR
11834 citrus CvC TIAPAR
11779 citrus CvC IAPAR
9746 plum plum leaf scald TAPAR
JAB14 coffee coffee leaf scorch UNESP
12288 coffee coffee leaf scorch IAPAR
8935 grapevine Pierce disease TAPAR
9713 grapevine Pierce disease TAPAR
9715 grapevine Pierce disease IAPAR

CVC - citrus variegated chlorosis; INRA — Institut Nacional de la Re-
cherche Agronomique, Bordeaux, France; TAPAR - Instituto Agronom-
ico do Parana, Londrina, PR, Brazil; CCSM - Centro de Citricultura
Sylvio Moreira, Cordeiropolis, SP, Brazil; USDA - United States De-
partment of Agriculture, Beltsville, MD, USA; UNESP - Universidade
Estadual Paulista, Jaboticabal, SP, Brazil.

As a result of this endeavor it became possible to differ-
entiate some X. fastidiosa strains from the one that has
been sequenced.

2. Materials and methods

2.1. Bacterial strains and DNA extraction

All strains of X. fastidiosa used in this work are listed in

Table 1 and were kept in solid BCYE [12]. For DNA
extraction each X. fastidiosa strain was grown in 3.0 ml
of PW [13] in a rotary shaker set at 180 rpm during 10
days at 30°C. The DNA extraction method [14] involved
the addition of 100 ul of RNase (100 ug ml™!) to the TE
buffer solution (10 mM Tris—HCI, pH 7.5; 1 mM EDTA,
pH 8.0; 30 ul of 10% SDS and 20 mg ml~! proteinase K).
DNA samples were stocked at —20°C and quantification
was made by spectrophotometry at 260 nm.

Besides X. fastidiosa, other bacterial strains of commer-
cial and agronomical value were analyzed and are listed in
Table 2. Bacillus species were grown in BHI (Biobras) and
the DNA was extracted following [15]. The other bacterial
species had their DNA samples obtained using InstaGene
TM matrix (Bio-Rad) following the manufacturer’s in-
structions. They were grown on NA [16] except the species
from the Pseudomonas genus that were grown on King B
medium [17]. All species were grown at 30°C.

2.2. Primer design procedure

Two pairs of primers were used for the detection of the
transposon Tn1721. These primers were designed based on
regions of this transposable element that had high similar-
ity to sequences of the genomes of X. fastidiosa strains
9a5c [4]. One of them included a region of transposon
Tnl721 itself and the other included the right repeat and
its insertion point within the chromosome of X. fastidiosa.

The software used to generate these primers was OLI-
GO 4.0 (Copyright© 1989-91 Wojciech Rychlik) and
Gene Runner release 3.00 (Copyright© 1994 Hasting Soft-
ware Inc.). Table 3 lists the primers used in this study,
their sequences, and the PCR expected product size. The
primers were synthesized by Life Technologies do Brasil
Ltda.

2.3. PCR amplification

For the primers TNP;-F and TNP;-R the following re-
action mixture was used: 2 mM MgCl,, 300 uM of each
dNTP, 1 U of Tag DNA polymerase (Gibco/BRL®), 0.1
UM of each primer (TNP;-F and TNP;-R), 50 ng of ge-
nomic DNA and sterile Milli-Q water to complete 20 pl.

Table 2

Other bacterial species

No. Species Host Disease Source

1 A. radiobacter soil - EMBRAPA
2 A. tumefaciens rose crown gall EMBRAPA
3 B. cereus - - UNESP

4 B. thuringiensis var. israelensis diptera - UNESP

5 P. stewartii subsp. stewartii SW2 corn Stewart’s disease or bacterial wilt IAPAR

6 P. syringae pv. tabaci tobacco wild fire EMBRAPA
7 X. axonopodis pv. citri citrus citrus canker EMBRAPA
8 X. arboricola pv. pruni plum plum bacteriosis EMBRAPA

EMBRAPA - Empresa Brasileira de Pesquisa Agropecuéria, Londrina, PR, Brazil; UNESP — Universidade Estadual Paulista, Jaboticabal, SP, Brazil;

IAPAR - Instituto Agrondmico do Parana, Londrina, PR, Brazil.
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Table 3
PCR primers used in this study

Primer Sequence PCR expected
size (bp)

TNP,-F 5’-GCCGCCAAGGATGTGCTCGAC-3’

TNP;-R 5'-CGCGGGTATCGGAAGAAAACA-3’ 611

TNP,-F 5’-GGGCCACAGCAACCTGAAATA-3’

TNP,-R 5'-GCCGGTAATCCCACCAACTGA-3’ 1248

The same reaction mixture was used for the other set of
primers except for the MgCl,, which was reduced to
1 mM.

The amplifications were carried out in a PTC-100 ther-
mocycler (MJ Research, Inc.). The amplification cycles for
the TNP; primers were: a single denaturation step of 2 min
at 94°C, 30 cycles (each one consisting of a denaturation
step of 1 min at 95°C, annealing at 51°C for 1 min and
extension at 72°C for 1 min), and an extra extension step
of 5 min at 72°C. The amplification conditions for the
TNP, primers were similar except for the annealing tem-
perature, which was set at 52°C.

2.4. PCR product restriction

Using the software OLIGO 4.0 it was possible to choose
the restriction endonucleases that had restriction sites on
the amplified regions. The restriction reactions and EB-
AGE were carried out according to [18].

After the amplifications, 10 ul of each PCR reaction

product obtained using the TNP; primers was submitted
to restriction using 0.5 U HindIIl (Gibco/BRL®),
1 X buffer and sterile Milli-Q water up to a total of 20
ul, kept at 37°C, and for the amplifications using the
TNP, primers, 0.5 U of Smal (Gibco/BRL®), 1X buffer
and sterile Milli-Q water up to a total of 20 ul, at 30°C,
were used. Both restriction reactions lasted for 60 min.

3. Results and discussion

The results allowed to detect signs of the presence of the
transposon Tnl1721 within the genome of X. fastidiosa
strain 9a5c (Fig. 1); however, the sequences are not com-
plete probably due to genetic recombination by rearrange-
ments. The later statement is sustained by the fact that the
normal antibiotic resistance to tetracycline (Tet") harbored
by the complete transposon was not found through anti-
biogram assays performed with the X. fastidiosa strains
analyzed in this work.

For the identification of these fragments the FASTA
sequences found were compared to those already depos-
ited in the Genebank (NCBI) and submitted to similarity
search on the X. fastidiosa database using the alignment
tool Clustal-W.

The Clustal-W alignments of the detected sequences
served as a basis for the elaboration of the specific primers
for PCR amplifications (Fig. 1). The PCR-amplified se-
quences had 89% identity with those of the transposon
Tnl721 from the X. fastidiosa genome.

gi|48194 |emb [X61367. 1| TN1721DN
xylella

gi|48194 |emb|X61367.1|TN1721DN
xylella

gi|48194 |jemb |XE61367.1 | TN1721DN
xzylella

gi|48194 |emb | X61367. 1| TN1721DN
xylella

gii48194 |emb | X61367 .1 TN1721DN
xylella

gil48194 lemb IX61367.1|TN1721DN
xylella

gi| 48194 |emb1X61367.1|TNL1721DN
xylella

gild8194 |emb|X61367. 11 TN1721DN
xylella

gi|48194 |emk | XK61367.1 | TH1721DN
xylells

gil48194jlemb|X61367.1 | TN1721DN
xylella

gl 48194 |emb | X61367. LITNLT721DN
xylella

CAGAACGGACTGGCCETGHCCCTGCGUGAGCTEEECCGGATCGAGUGUAC
CT-——TG?TTTGGCGGLEQTPTI&ALLTCALCCCCTTTTATCQCTTTBAT

T Wk s ey - o =

GUTGTICATCCTGEACTCGCTECARAGTET TEAACTECGOCGCCGE GTGO
GAAGAT-GTCGTGCACTGGC —— —ACACAGT L'GC’I'C"""GACC‘IR‘]’GCGC(‘f
. P e o

- - -

ATGCCGECCTEGAACAAAGGTGAGGCGCGCAACTCGC —— - —TEGCCAGGGC
CATT”GGCGACGRACGTTATGFAFFGFRTAAECGFTFGTFTGACGRATAL

W - T e e - o

GGIGTTCTTCAACCGCCTTEGGGARATCAGGGATC GEAGETTCGAGCAGL
TTCGTACTGC G- TCACCGCAATGAAACACGUGGTETGGGCGECTTATTCT

Ak Ak & o W -k n ok A ox w *  mw -

AGCGCTACCGEGGUCAGC GECC TCAACC ~ TG GTGACGGCGGCTATCGETGCT
TTGATGACCTTGATAAGGATTTTGAGCGCGATTTTGPTTAf?AGrrTrrﬁ

e 3 & . - o« W B X R R
STGGAACACGETETACC TGEAACGCGCCACCCAGEGETTGGTCGAGHGCCG
&TAGGEGAPGGCTTCCTCGALGQPTATTTWCGGATTGTGACGCSTFGTCA

e ok WA " X - & 4

GCAMGCC—————— GETGGACG~~ ~~~GCGAGC TGCTGCAATTCC——TGTC
TCRCACLCCCTALG&T&ATCGCGﬁGCGCGLGTfTCAGCTGTATCGRPGTG

o *w R - T R x o

GCCGCTEGGCTGEEGAGCACATUA- - ACCTAACCG——-GCGATTACGTC TGS
FPCGPTACGTRCARTTCAATTTGTTATTTGATCGCGG(ECRTTAITCG&£

N o w N . e - - ok s e oy

CEECAGAGCCGUCAGACTGGAAGACGEGAMAGTT —— ———— TCGGCCCTTACG
TTGFACAGTGGCGGGCGTGCTGAAAGChTCTTGATChCTCTGCCGCCGTT

e e ek e e - = x = o AR
GATGCCCGGAAMACCTTAGC TGACGATT T TTCCGAATTCTGCGGECTCC
GGTACGCTGGGAAT&T*GGTTACCACCCTTTACCAGGFAPTGCFGAAGLG

e T ke e . - W . e e B »

cC 11138

Fig. 1. Clustal-W alignment of the transposon Tn1721 found on the genome of X. fastidiosa.

10715
17455

10765
17501

10811
17551

10861
17600

10910
17650

109860
17700

10997
17750

11043
17800

11087
17850

11137
17899



166 L.P. Ferreira et al. | FEMS Microbiology Letters 208 (2002) 163-168

3.1. Strains with primer TNP-amplified sequences

After the improvement of the PCR reactions using the
pair of TNP; primers with DNA from X. fastidiosa strain
9a5c, a fragment of the 611-bp part of the Tn1721 trans-
poson was produced. The detected band (611 bp) as well
as its HindIll-restricted fragments (215 and 417 bp) cor-
responded to the expected fragments based on the soft-
ware OLIGO 4.0 prediction (Fig. 2A,B).

It was possible to demonstrate that the 28 X. fastidiosa
DNA samples in which an amplified band had been pro-
duced when the TNP; primer was used had the same pat-
tern in almost all of them, with the exception of the DNA
samples from strains U187d (citrus), 9746 (plum), and
8935, 9713 and 9715 (grapevine). DNA from strain
U187d (citrus) produced an extra band of around 450
bp without HindIII restriction.

The transposon Tnl1721 was probably able to replicate
and transpose [19] and such rearrangements could have
happened [20] even after an end deletion event occurred
with possible full end elimination [21,22]. Since this was
the only instance in which such a change took place, the
possibility that a genetic rearrangement might have really
occurred was considered. For the DNA from sample 9746
the amplified pattern was completely different and re-
sembled the one typical of the grapevine DNA samples
(Fig. 2B). Consistently with this, it was found that all
the grapevine strains exhibited the same amplification pat-
tern without HindIII restriction sites (Fig. 2B).

Different from the results in which the transposition
frequency of the insertion sequence IS1086 was 1000 times
greater at 37°C compared to that at 30°C, the Tn3 trans-
location varied between 26 and 30°C [23]. Above 30°C the
frequency dropped drastically up to null when the temper-
ature was 37°C [24]. The molecular basis for such effects is
not known yet but a number of papers seem to suggest
that the molar concentration of the transposase protein is
lower at 42°C than at 30°C probably as a consequence of
the high turnover for such an enzyme [25].

Based on these data it is possible to speculate a corre-
lation between the differences detected for the grapevine
and plum X. fastidiosa strains due to the fact that these
crops are regularly cultivated under colder temperatures as
compared to the citrus samples, and since the transposon
Tnl1721 belongs to the same group as the Tn3 a higher
transposition frequency might have taken place, resulting
in at least two bands being detected for the temperate
climate plants. As a consequence, bacteria with such high-
er amounts of insertion sequences might have greater ge-
netic variability and this fact might result in different
genetic arrangements, a situation that explains the differ-
ences in the banding pattern described in this work.

This suggests that apart from the existence of variations
within the genome of X. fastidiosa strain, in relation to the
copies of transposon Tnl721, the bacteria isolated from
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Fig. 2. Electropherogram of amplified genetic material using primers
TNP;-F and TNP;-R. Part A shows citrus strains; part B shows citrus
strains (upper lanes) and the strains from plum, citrus, coffee and grape-
vine (lower lanes). The numbers on each lane refer to X. fastidiosa
strain denominations. PM1: 1-kb DNA ladder; PM2: 50-bp DNA lad-
der; NC: negative control; U: unrestricted DNA samples; H: HindIII-
restricted DNA samples.

the plum and grapevine trees still retain their pathogenic-
ity.

3.2. Strains with primer TN Pjy-amplified sequences
Considering the TNP, primers the X. fastidiosa strains

that produced different bands when compared to the pat-
tern generated by the strain 9a5c, only the strain GP920b
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(citrus) listed in Fig. 3A and the strain 9746 (plum) were
different from the strains from grapevine listed in Fig. 3B.

In all repetitions that were carried out, the strain
GP920b produced weak bands as seen in Fig. 2A. The
weak band amplification is explained to be due to genetic
polymorphism within the particular region of the genome
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Fig. 3. Electropherogram of amplified genetic material using primers
TNP;-F and TNP;-R. Part A shows the citrus strains; part B shows cit-
rus strains (upper lanes) and the strains from plum, citrus, coffee and
grapevine (lower lanes). The numbers on each lane refer to X. fastidiosa
strain denominations. PM1: 1-kb DNA ladder; PM2: 50-bp DNA lad-
der; NC: negative control; U: unrestricted DNA samples; H: Smal-re-
stricted DNA samples.

that was under consideration for these experiments and
not due to bad DNA quality since the DNA samples
were the same as those used for amplification with the
TNP; primers.

The strain 9746 (plum) presented a similar amplification
pattern, as did the grapevine ones, all of them being differ-
ent from the sequenced strain 9a5c. The above reasoning
also explains the presence of only two fragments when
Smal was used to restrict the PCR products of the strain
as opposed to the three expected fragments of 892, 215
and 136 bp (Fig. 3B).

3.3. Control bacterial strain analysis with primers TNP;
and TNP, amplification products

The Tn3 family is a group of known transposons that
are able to colonize a large set of Gram-negative and
Gram-positive bacteria [25].

When the pair of TNP; primers was used, it was possi-
ble to observe amplification products in all control DNA
samples except Bacillus thuringiensis var. israelensis (Fig.
4). The absence of amplified material might suggest that B.
thuringiensis var. israelensis could have had an evolution-
ary diversion from the line that all the other bacteria seem
to share because they might have evolved latter.

For Agrobacterium radiobacter (Beijerinck and van Del-
den 1902) Conn 1942 and Agrobacterium tumefaciens
(Smith and Townsend 1907) Conn 1942 there has been
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Fig. 4. Electropherogram of amplified genetic material using primers
TNP;-F and TNP;-R (upper lanes) and TNP,-F and TNP,-R (lower
lanes). 1: A. radiobacter; 2: A. tumefaciens; 3: B. cereus; 4: B. thurin-
giensis subsp. israelensis; 5: P. stewartii subsp. stewartii; 6: Pseudomo-
nas angulata; 7: X. axonopodis pv. citri; 8: Xanthomonas citri pv. pruni.
PMI1: 1-kb DNA ladder; PM2: 50-bp DNA ladder; NC: negative con-
trol; U: unrestricted DNA samples; H: HindIII-restricted DNA sam-
ples; S: Smal-restricted DNA samples.
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the same amplification product with two quite strong
bands. These amplification products demonstrate that
the transposon Tnl721 is present in the genomes of such
species with at least two copies.

For Bacillus cereus and Pseudomonas syringae pv. tabaci
(Wolf and Foster 1917; Young, Dye and Wilkie 1978)
there was a pattern of amplification similar to that of
the strain 9a5c from X. fastidiosa, however with larger
fragments. This variation denotes some degree of genetic
polymorphism between these bacterial strains that was re-
vealed by the analysis of the transposon Tnl1721 insertion
site for each bacteria.

The bacteria Pantoea stewartii subsp. stewartii SW2
(Smith 1898) Mergaert, Verdonck and Kersters 1993 pre-
sented similar characteristics to those exhibited by Xantho-
monas axonopodis pv. citri (Hasse 1915) Vauterin, Hoste,
Kersters and Swings 1995. The difference in the amplifica-
tion patterns presented by the species of X. axonopodis pv.
citri and Xanthomonas arboricola pv. pruni (Smith 1903)
Vauterin, Hoste, Kersters and Swings 1995 can also be
related to climate differences since one of them affects
the citrus-originated strain and the other the strain that
came from plum. None presented HindIll-restricted frag-
ments.

There was no amplification with the primer TNP, for
any of the control bacterial samples since this primer was
formally designed based on X. fastidiosa sequenced mate-
rial and the sequence in which the transposon Tnl721 is
inserted within the genome is not shared with the other
control bacteria, Gram-positive or Gram-negative.

Acknowledgements

We thank Dr. Marie-Anne Van Sluys (IB/USP) for the
suggestion of the position of the Tnl1721 within the ge-
nome of X. fastidiosa and M.Sc. Laurival Anténio Vilas-
Boas for useful discussions during this study. This work
was supported by research funds from the Fundagdo de
Amparo a Pesquisa do Estado de Sao Paulo (FAPESP)
and Universidade Estadual Paulista (UNESP). L.P.F. was
supported by scholarship from CAPES.

References

[1] Feichtenberger, E., Miiller, G.W. and Guirado, N. (1997) Doengas
dos citros (Citrus spp. ). In: Manual de Fitopatologia: Doengas das
Plantas Cultivadas (Kimati, H., Amorim, L., Bergamin Filho, A.,
Camargo, L.E.A. and Rezende, J.A.M., Eds.), pp. 261-296. Agro-
nomica Ceres, Sdo Paulo.

[2] Purcell, A.H. and Hopkins, D.L. (1996) Fastidious xylem-limited
bacterial plant pathogens. Annu. Rev. Phytopathol. 34, 131-151.

[3] Hopkins, D.L. (1989) Xylella fastidiosa: xylem-limited bacterial
pathogen of plants. Annu. Rev. Phytopathol. 27, 271-290.

[4] Simpson, A.J. et al. (2000) The genome sequence of the plant patho-
gen Xylella fastidiosa. Nature 406, 151-159.

[5] Regner, L. (1996) Transposons. In: Biologia Molecular Basica.
(Zaha, A., Ed.), pp. 159-182. Mercado Aberto, Porto Alegre.

[6] Grinstead, J., de la Cruz, F. and Schmitt, R. (1990) The Tn21 sub-
group of bacterial transposable elements. Plasmid 24, 163-189.

[71 Rogowsky, P. and Schmitt, R. (1984) Resolution of a hybrid cointe-
grate between transposons Tn501 and Tnl1721 defines a recombina-
tion site. Mol. Gen. Genet. 193, 162-166.

[8] Schoffl, F., Arnold, W., Piihler, A., Altenbuchner, J. and Schmitt, R.
(1981) The tetracycline resistance transposons Tnl721 and Tnl771
have three 38-base-pair repeats and generate five-base-pair direct re-
peats. Mol. Gen. Genet. 181, 87-94.

[9] Ubben, D. and Schmitt, R. (1986) Tn1721 derivatives for transposon
mutagenesis restriction map and nucleotide sequence analysis. Gene
41, 145-152.

[10] Berg, C.M., Berg, D.E. and Groisman, E.A. (1989) Transposable
elements and the genetic engineering of bacteria. In: Mobile DNA
(Berg, D.E. and Howe, M.M., Eds.), pp. 879-925. American Society
for Microbiology, Washington, DC.

[11] Syvanen, M. (1984) The evolutionary implications of mobile genetic
elements. Annu. Rev. Genet. 18, 271-293.

[12] Wells, J.M., Raju, B.C., Nyland, G. and Lowes, S.K. (1981) Medium
for isolation and growth of bacteria associated with plum leaf scald
and phony peach diseases. Appl. Environ. Microbiol. 42, 357-363.

[13] Davis, M.J., French, W.J. and Schaad, N.W. (1981) Axenic culture of
the bacteria associated with phony disease of peach and plum leaf
scald. Curr. Microbiol. 6, 309-314.

[14] Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman,
J.G., Smith, J.A. and Struhl, K. (1987) Current Protocols in Molec-
ular Biology. Wiley, New York.

[15] Marmur, J. (1961) A procedure for the isolation of deoxyribonucleic
acid from micro-organisms. J. Mol. Biol. 3, 208-218.

[16] Gordon, R.E., Hayves, W.C. and Pang, C.H.N. (1973) The Genus
Bacillus. Agr. Handb. No. 427. Agr. Research Serv., U.S. Dept. Agr.,
Washington, DC.

[17] Ferreira, L.P. and Salgado, C.L. (1995) Bactérias. In: Manual de
Fitopatologia: Principios e Conceitos (Bergamin Filho, A., Kimati,
H. and Amorim, L., Eds.), pp. 97-131. Agronémica Ceres, Sdo Paulo.

[18] Sambrook, J., Frisch, E.F. and Maniatis, T. (1989) Molecular Clon-
ing: A Laboratory Manual, 2nd edn. Cold Spring Harbor Labora-
tory Press, New York.

[19] Mattes, R., Burkardt, H.J. and Schmitt, R. (1979) Repetition of
tetracycline resistance determinant genes on R plasmid pRSDI in
Escherichia coli. Mol. Gen. Genet. 168, 173-184.

[20] Schmitt, R., Bernhard, E. and Mattes, R. (1979) Characterisation of
Tnl1721, a new transposon containing tetracycline resistance genes
capable of amplification. Mol. Gen. Genet. 172, 53-65.

[21] Avila, P., de la Cruz, F., Ward, E. and Grinsted, J. (1984) Plasmids
containing one inverted repeat of Tn21 can fuse with other plasmids
in the presence of Tn21 transposase. Mol. Gen. Genet. 195, 288-293.

[22] Motsch, S. and Schmitt, R. (1984) Replicon fusion mediated by a
single-ended derivative of transposon Tn2l1. Mol. Gen. Genet. 195,
281-287.

[23] Dong, Q., Sadouk, A., van der Lelie, D., Taghavi, S., Ferhat, A.,
Nuyten, J.M., Borremans, B., Mergeay, M. and Toussaint, A. (1992)
Cloning and sequencing of IS1086, an Alcaligenes eutrophus insertion
element related to IS30 and IS4351. J. Bacteriol. 174, 8133-8138.

[24] Kretschmer, P.J. and Cohen, S.N. (1979) Effect of temperature on
translocation frequency of the Tn3 element. J. Bacteriol. 139, 515-519.

[25] Sherrat, D. (1989) Tn3 and related transposable elements: site-spe-
cific recombination and transposition. In: Mobile DNA (Berg, D.E.
and Howe, M.M., Eds.), pp. 163-184. American Society for Micro-
biology, Washington, DC.



