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Organization of the Tn6-Related Kanamycin Resistance Transposon
Tn2680 Carrying Two Copies of IS26 and an IS903 Variant, IS903.B

BEAT MOLLET,l* MICHEL CLERGET,2 JURG MEYER,' AND SHIGERU IIDA1

Abteilung Mikrobiologie, Biozentrum der Universitat Basel, CH4056 Basel,' and Departement de Biologie Moleculaire,
Universit de Geneve, CH-1211 Geneve 4,2 Switzerland

Received 20 November 1984/Accepted 20 March 1985

The kanamycin resistance transposon Tn2680, which originates from the R plasmid Rtsl, is homologous to
Tn6 and carries two directly repeated copies of IS26, one at each end. The kanamycin resistance gene codes for
type I aminoglycoside-3'-phosphotransferase. Tn2680 also contains, in the middle of the transposon, an

additonal IS element homologous to IS903. This element, designated IS903.B, is flanked by a 9-base-pair direct
target duplication. A novel kanamycin resistance transposon, Tn2681, can be generated from Tn2680 by
IS903.B-mediated cointegration and subsequent reciprocal recombination between the directly repeated IS26
sequences. Tn2681 carries a single IS26 element in the middle of the transposon and is flanked by two directly
repeated copies of IS903.B. Possible evolutionary relationships between Tn2680 and other kanamycin
resistance transposons such as Tn903 and Tn2350 are discussed, based on the gene organization and DNA
sequences.

One group of the R plasmid-specified enzymes, which
inactivate kanamycin, an aminoglycoside antibiotic, is
aminoglycoside-3'-phosphotransferase [APH(3')]. Enzymes
belonging to this group have been divided into four subtypes,
primarily on the basis of differences in substrate profile (12).
Comparison ofDNA sequences of several genes for APH(3')
suggest that the different subtype enzymes are related evo-
lutionally (38, 39). These genes for kanamycin resistance
(Kmr) are often flanked by insertion sequences (IS elements)
and thus form part of a transposon (Tn). IS elements can
flank the Kmr gene either in direct orientation, like IS1 in
Tn2350 (9), IS15 in Tn1525 (24), and IS26 in Tn2680 (21, 27),
or inverted orientation, like IS50 in TnS (3, 4, 23, 33) and
IS903 in Tn9O3 (Tn601) (11, 13, 29, 30) (see also Fig. 1). The
Kmr genes in Tn6, Tn9O3, and Tn1525 are homologous and
code for a type I APH(3') enzyme (11, 13, 24, 30). The
flanking element IS26 is known to be closely related to IS15
(21, 22, 24, 27, 40).

In this paper, we show that Tn2680, isolated from plasmid
Rtsl (21, 37), is homologous to Tn6 from pJR72 (3), and that
their Kmr genes are also homologous to those of Tn9O3
originating from R6 (13, 29, 30) and of Tn2350 from Ri (9).
Experiments with Tn2680 revealed the presence of a third IS
element in the middle of the transposon. This IS element,
designated IS903.B, is homologous to IS903. The possible
evolutionary relationships between these Kmr transposons
encoding a type I APH(3') enzyme are discussed on the basis
of a comparison of sequences and gene organization.

MATERIALS AND METHODS

Bacteria, phages, and plasmids. Table 1 lists the bacterial
strains, phages, and plasmids used. Phage P1-15Amod(P15),
which is a P1-15 hybrid 2 derivative with the BglII-7 and -12
fragments in the mod(P15) gene region deleted (2, 19), was

constructed by Sabine Burckhardt. Plasmid pLC850 was

constructed by cloning the BglII fragment of the PlKm
genome, which contains the invertible C segment and Tn2680
(21), into the BamHI site of pBR322 (6). The sites of integra-
tion of Tn2680 in plasmids pSHI97::Tn2680 M2 and
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pOX38::Tn2680 A21 have been previously described (22).
Unless otherwise stated, C600 and WA921 were employed to
prepare phages and plasmids.

Media. LB and LBMg media and LB agar have been
previously described (9, 21, 22). Antibiotics were added to
LB agar, containing neither glucose nor CaCl2, at the follow-
ing concentrations: ampicillin (200 pLg/ml), kanamycin (25
p.g/ml), rifampin (100 pLg/ml), and streptomycin (200 pLg/ml).
Isolation of IS903.B-mediated cointegrates between

pOX38::Tn2680 and pSHI99. Isolation of cointegrates was

performed in the same way as the isolation of IS26-mediated
cointegrates (22). Strain WA3782(pOX38::Tn2680, pSHI99)
was mated with strain HB101 for 1 h at 37°C, and Cmr Kmr
Strr transconjugants were selected. Cointegrates were sub-
sequently identified by their ability to efficiently transfer the
Cmr marker from HB101 to BzB1139 (22). IS903.B-mediated
cointegrates were distinguished from IS26-mediated
cointegrates (22) by restriction analysis with the enzymes
Aval, HindIlI, MluI, PvuII, Sall, and XhoI.

Isolation of pSHI99::IS903.B and pSHI99::Tn2681 from the
IS903.B-mediated cointegrates between pOX38::Tn2680 and
pSHI99. pSHI99::IS903.B and pSHI99::Tn2681 were ob-
tained by Rec-dependent recombination in vivo between the
directly repeated IS903.B and IS26, respectively. The
cointegrates were first transferred into CH102 rec+ by
conjugation. Plasmids prepared from this rec+ strain were

then used to transform WA921. Cmr Kms (pSHI99::IS903.B)
and Cmr Kmr (pSHI99::Tn2681) transformants were iso-
lated. Plasmids were prepared from the individual transform-
ants and were screened by restriction analysis with HindlIl,
Mlul, Pstl, and SalIl.

Isolation of P1-15 phage derivatives carrying Tn2681. P1-
15Amod(P15)::Tn2681 phages were obtained in essentially
the same way as P1-15::Tn9 phages (15). WA921[P1-
15Amod(P15), pSHI99::Tn2681] was heat induced, and the
resulting lysates were used to infect WA921 at a multiplicity
of about 0.02 plaque-forming phages per cell. Kmr transduc-
tants appeared with a frequency of about 4 x 10-6 per

plaque-forming phage. In each experiment, 50 Kmr transduc-
tants were screened for Cms and Kmr phenotypes and for the
ability to produce high-frequency Kmr transducing lysates.
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TABLE 1. Bacterial strains, phages, and plasmids

Designation Relevant characters Drug resistance Reference orphenotype source

Escherichia coli K-12
C600 thr leu thi lac supE (1)
WA921 thr leu met thi lac supE hsdS (41)
WA3782 met thi lac supE hsdS recA (22)
HB101 pro leu thi lac str hsdS recA Strr (7)
BzB1139 met hsdR str recA srl::TnJO Strr Tetr (22)
CH102 str rpo pir Strr Rift (14)

Phages
A kan-3 X b515 b519 c1857 S7 Tn6 Kmr (3)
X::Tn2350 A b515 b519 ninS xis6 cI857 S7 Tn2350 Kmr (9)
P1-15Amod(P15) P1-15 hybrid2 Amod(P15) c1ts225 S. Burckhardt
P1-15Amod(P15)::Tn2681 Kmr This study

Plasmids
pLC850 pBR322 derivative carrying Tn2680 Apr Kmr This study
pSHI248 pBR322 derivative carrying Tn903 Cmr Kmr (20)
pSHI97 pBR322 deletion derivative Apr (27)
pSHI97::Tn2680 M2 Apr Kmr (22)
pOX38::Tn2680 A21 F deletion derivative carrying Tn2680 Kmr (22)
pSHI99 pBR325 deletion derivative Apr Cmr (22)
pSHI99::IS903.B P3 Cmr This study
pSHI99::IS903.B P11 Cmr This study
pSHI99::IS903.B Wl Apr Cmr This study
pSHI99::IS903.B W10 Apr Cmr This study
pSHI99::Tn2681 P3 Cmr Kmr This study
pSHI99::Tn2681 P11 Cmr Kmr This study

About 6 to 10% of the Kmr transductants fell into this class.
The genome structure of P1-15Amod(P15): :Tn2681 was con-
firmed by restriction analysis with the enzymes BamHI,
BgIII, EcoRI, and MluI (15, 16).

Nucleic acid procedures. Restriction enzymes, the Klenow
fragment ofDNA polymerase I, and T4 ligase were obtained
from New England Biolabs or from Boehringer Mannheim
Biochemicals. They were generally used as recommended
by the suppliers.

Isolation of phage DNAs and plasmids, restriction cleav-
age analyses, and electron microscopic heteroduplex studies
were performed as previously described (9, 20, 21). DNA
sequencing was carried out by both the chemical degradation
method (25) and the chain termination method (26, 34).

RESULTS

Tn2680 and Tn6 are homologous. The 4.95-kilobase (kb)
Kmr transposon Tn6, first identified in 1975 (3), is known to
carry the Kmr gene for the type I APH(3') enzyme (11). Its
structure had not been analyzed extensively. Another Kmr
transposon, Tn2680, which contains the 820-base-pair (bp)-
long IS26 as terminal direct repeats, is also 4.95 kb in length
(21, 22, 27). Restriction cleavage patterns obtained with
HindIII, PstI, SalI, and XhoI indicate that Tn6 is similar to
Tn2680 (Fig. 1). For a direct sequence comparison between
Tn2680 and Tn6, heteroduplex molecules between the linear-
ized plasmid pLC850, which carries Tn2680, and X::Tn6
DNA were studied in the electron microscope (Fig. 2). A
homologous segment of 4.95 + 0.13 kb (n = 11) was found
in the region carrying the transposons. Thus, at the level of
resolution of the electron microscope, Tn6 and Tn2680 are
identical; therefore Tn6 is likely to carry direct repeats of
IS26 at its ends.
Tn2680 carries a third functional IS element. During stud-

ies on IS26-mediated cointegrations between a conjugative F
plasmid derivative, pOX38::Tn2680 A21, and a pBR325
derivative, pSHI99, in the Escherichia coli K-12 recA
strains WA3782 and BzB1139 (22), we isolated two (out
of six cointegrates) that were not mediated by IS26. Re-
striction cleavage analysis of these cointegrates,
pSHI99fQpOX38::Tn2680 P3 and P11, revealed that pSHI99
had been fused to pOX38::Tn2680 within the Tn2680 se-
quence. A DNA element, approximately 1 kb in length, from
within Tn2680 had been duplicated and now brackets
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FIG. 1. Structure of relevant Kmr transposons. Maps are
redrawn from the literature (9, 21, 24, 28, 33) and are complemented
by results from this paper. The arrows with Km indicate the location
and the orientation of the aph gene. Restriction cleavage sites: S,
Sall; P, PstI; H, HindlIl; X, XhoI; R, EcoRI; M, MluI. The arrows
under the boxes representing IS elements identify the orientation of
the elements.
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pSHI99 as direct repeats in these cointegrates (Fig. 3). To
characterize this element further, we isolated Cmr Kms
segregant plasmids from the cointegrates through Rec-
dependent recombination between the directly repeated ele-
ments. These plasmids are pSHI99 derivatives that carry a
single copy of the duplicated element at the site at which
pOX38::Tn2680 had been integrated in the parental
pSHI99fQpOX38::Tn2680 cointegrates (Fig. 3). The integra-
tion sites of the element on pSHI99 were mapped more
precisely with HpaII and HaeIII enzymes and were found to
differ in pSHI99::IS903.B P3 and P11 (Fig. 4A). Duplication
of the element during cointegration and its insertion at
different sites strongly indicate that this 1-kb element is an
active IS element. Figure 4A also includes two additional
integration sites of the element in pSHI99 derivatives ob-
tained as pSHI99fQpOX38:Tn2680 cointegrates Wl and W10.

Characterization of I$903.B, the third IS element on
Tn2680. The presence of terminal inverted repeats and the
generation of direct repeats at a target sequence upon
insertion are characteristic features of procaryotic IS ele-
ments (18, 32). We determined the DNA sequence of both
ends of the element in pSHI99::IS903.B P3 and found that
they were identical to the corresponding ends of IS903 and
IS102 (5, 13, 28-30). Like IS903 and IS102, this element also
generated a 9-bp target duplication (Fig. 4B). To examine
whether this element is homologous to IS903, we analyzed
heteroduplex molecules between appropriate restriction
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FIG. 3. Schematic representation of IS903.1B-mediated
cointegration and subsequent Rec-mediated resolution of the
cointegrate. (A) Tn2680 located on pOX38::Tn2680 and the pBR325-
derived plasmid pSHI99. (B) Cointegrate mediated by IS903.B,
which has been duplicated in the process. (C) Rec-dependent
homologous recombination between the two IS903.B elements or
between the two IS26 sequences in the cointegrate gives rise to
segregant plasmids carrying the transposons Tn2680 or Tn2681,
respectively. The shadowed boxes and the open boxes represent the
IS26 and the IS903. B, respectively, and the arrows under the boxes
define the orientation of the IS elements. Km with an arrow, Cm,
and ori indicate the aph gene, the cat gene, and the origin of
replication of the plasmid pSHI99, respectively.
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FIG. 2. Heteroduplex between pLC850 carrying Tn2680 and
X::Tn6 DNA. Before hybridization, pLC850 was linearized by
cleaving with EcoRl. The scheme under the electron micrograph
shows the BglII fragment of pLC850, which derives from PlKm and
was cloned into the BamHl site of pBR322 to yield pLC850. In this
BglIl fragment, Tn2680 is inserted into the C segment near the
internal end of one of the inverted repeats (16, 21). The boxes
containing the triangle with IR(C) indicate the 0.62-kb inverted
repeats of the C segment in the P1 genome. These IR(C) segments
form the snap back in pLC850 seen in the electron micrograph. Km,
cix, and cin indicate the kanamycin resistance gene, the crossover
sites for C inversion, and the cin gene, respectively. Restriction
cleavage sites: B, BgllI; K, KpnI.

fragments of pSHI97::Tn2680 M2 and the Tn9O3-containing
plasmid pSHI248 under the electron microscope (Fig. 5A, B,
and C). On both plasmids the DNA sequence that derived
from pBR322 provide homology for a duplex segment of 2.68
kb, interrupted by a 1.70-kb loop representing the Cmr
segment. A second homologous region would be indicative
of DNA sequence relations between IS903 and the element.
Indeed, all of the heteroduplex molecules had the expected
two duplex segments and thus document homology between
IS903 and the new element over their entire length of 1.05 +
0.06 kb (n = 21) (Fig. 5D and E). This view was also
supported by the patterns of restriction fragments produced

A
W10 P3 P11

1 11
ori k, , 0

Ap Cm

2406 3000 4000 5000 5299

B
(3670) 1 1057 (3660)

GATCGTTG6GAAGGCTTTGTTGAATAAATCAGATT.. I S903 .B ..AGTTCGATTTATTCAACAAAGCCCGTTGGGAACC6G

FIG. 4. Integration sites of IS903.B on pSHI99::IS903.B. (A)
Plasmid pSHI99, a deletion derivative of pBR325, linearized at the
junction site of the deletion at positions 2406 and 5299 of pBR325
(22, 31). Insertion sites and the orientation of IS903.B on
pSHI99::IS903.B P3, P11, Wi, and W10 are indicated by arrows.
The arrows labeled with Ap and Cm under the map represent the bla
and the cat gene, respectively. The origin of pSHI99 replication is
indicated by ori. (B) DNA sequence of the junctions at the integra-
tion site of IS903.B on pSHI99::1S903.B P3. The numerical co-
ordinates for IS903.B and pSHl99 are indicated without and with
parentheses, respectively. The 9-bp target duplication is underlined,
and the terminal inverted repeats of IS903.B are indicated by
horizontal arrows.
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FIG. 5. Homology between IS903 on Tn9O3 and IS903.B on
Tn268O. pSHI248 is a pBR322 derivative carrying the 1.70-kb Cmr
segment at the PstI site of pBR322, the pBR322 segment between
positions 380 and 1360 is substituted by a 7.0-kb segment (6, 20, 35).
This 7.0-kb segment contains the Kpnl fragment, which carries
Tht903 and is derived from pCR1 (10), and the phage P1-encoded
DNA invertase gene cin and its crossover cix sites (20). Since the
segment containing Tn9O3 is flanked by the cix sites, cin-mediated
inversion results in two isonleric forms (A and B). Cleavage of
pSH1248 with HindIII produces two different fragments, each
containing the origin of pBR322 replication (oni) and one copy of
IS903 as indicated by the brackets under the maps. A HindIII-EcoRI
fragment of pSH197::Tn268O M2 (22) also contains the ori of pBR322
and lS903.B as indicated by the bracket under map C. A
heteroduplex molecule between these partly homologous fragments
from A and C is shown in D, and a representative between B and C
is shown in E. Symbols are as in Fig. 1 through 3. Restriction sites:
E. Eco(Rl; H, HindIII. The shaded segments in the maps are
homologous regions in the heteroduplex molecules. The location of
Tn9O3 within the invertible KpnI fragment is based on the published
map (10) and our own data.

by HpaII and HaeIII. A subsequent DNA sequence study
has revealed that this element is identical to neither IS903
nor 1S102 (B. Moliet, S. Iida, and W. Arber, Mol. Gen.
Genet., in press). Since it is more closely related to IS903
than to IS/02 , we consider this element as a variant of IS903;
we call it 15903.B.

Since IS903.B originally derives from the transposon
Tn2680, we have also sequenced both ends of IS903.B

sttwi 90. T

Tituated within is2a80. Thederivativeicarryin that 1S903.B lies

in front of the Kmrgene and that it is flanked by a 9-bp target
duplication (Fig. 6).

Like IS903, IS903.B can also serve as an active compo-
nent of a transposon. This was shown in the following
experiment. From the P3 and P11 cointegrates between
pOX38::Tn2680 and pSHI99, we first obtained Kmr Cmr
segregant plasmids pSHI99::Tn2681 P3 and Pli, respec-
tively (Fig. 3). These plasmids were formed by reciprocal
recombination between the two directly repeated IS26 se-

quences in the cointegrates. To demonstrate that the IS903.B-
flanked Kmr segment, designated as Tn2681, is able to

transpose as a unit, plaque-forming P1-15Amod(P15) phages
carrying the Kmr marker were isolated from WA921[P1-
15Amod(P15), pSHI99::Tn2681]. Such phages were obtained
with a frequency of about 3 x 10-7 per plaque-forming
P1-15Amod(P15) phage from cells harboring either
pSHI99::Tn2681 P3 or P11. Restriction analysis of the
genomnes of four different phages from two independent
experiments showed that they had all acquired Tn2681 as a

unit at four different sites (data not shown). The results
confirmed the notion that Tn2681, containing directly re-

peated IS903.B at its ends, is a transposon.
DNA sequence of the control region of the Kmr genes for

APH(3') on Tn2680 and its relatives. We have determined the
DNA sequences of the control regions of the APH(3') genes,
upstream from the XhoI site, on the transposons Tn2680 and
Tn6, and we compared them with the corresponding se-

quence of Tn9O3 (13, 30). The sequence on Tn6 is identical to
the sequence on Tn2680 (Fig. 6). This supports the hy-
pothesis, based on heteroduplex and restriction analysis,
that Tn2680 and Tn6 are identical. Moreover, the region of
Tn2680 sequenced is very similar to the corresponding
sequence of Tn903. One of the few sequence differences
occurs in the coding region of the Kmr gene; however this
does not alter the amino acid sequence. Another difference is
the integration site of IS903.B in Tn2680, which differs by
only 1 bp from the site of IS903 in Tn903.
We also compared our results with the corresponding

sequence of the Kmr gene on Tn2350, which is flanked by
direct repeats of IS], from the R plasmid Ri (9). Electron
microscopic study of heteroduplexes between pLCS50 con-

taining Tn2680 and X::Tn2350 revealed that a 0.94 ± 0.06-kb
long segment of the gene for type I APH(3') on Tn2680
shares homology with the Kmr gene on Tn2350 (data not
shown). This indicates that Tn2350 also encodes the type I
APH(3') enzyme. Indeed, the DNA sequence of Tn2350 is
homologous to that of Tn2680 from the XhoI site within the
Kmr gene up to the -35 promoter region (Fig. 6). Upstream
of this site, however, the sequences diverge. Thus, the
homology covers only the Kmr gene and not adjacent
sequeuices.

DISCUSSION
The Kmr genes in Tn6, Tn903, and Tn1525 are known to

encode a type I APH(3') enzyme (11, 13, 24, 30). We have
shown here that two Kmr transposons, Tn2350 and Tn2680,
flanked by direct repeats of IS] and IS26, respectively, also
carry the genes for type I APH(3') protein by electron
microscopic study of heteroduplexes and by sequencing the
promoter proximal regions of their genes. We have also
shown that Tn6, which originates from pJR72 (3), and
Tn2680, which originates from Rtsl (21), are homologous
throughout their length. Sequences of the promoter regions
of these Kmr genes are identical between Tn2680 and Tn6
and differ in a few positions from those of Tn903 and Tn2350.
Tn2680 is flanked by direct repeats of IS26 and contains
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TN2680/TN6
TN903
TN2350

TN2680/TN6
TN903
TN2350

1 1057 -35

ACACGTTGTGTCGGCTTTGTTGAATAAATCAGATT. IS903 .B .AGTTCGATTTATTCAACAAAGCC*CGTTGTGTCTCAAAATCTCTGATGTTACATT
*--A--------

..TCTGGCCCATTCAGCGCAGTTTTTTACTTTGGATGAAGTTAACCC------T---

-10 SD METSERHISILEGLNARGGLUTHRSERCYSSER
GAACAAGATAAAAGTATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGAGCGTTATGAGCCATATTCAACGGGAAACGTCTTGCTCG
-C-----------A----------------------------------------- - G-T-G-
-C-----------A----------------------------- ---------G-T-G-

FIG. 6. DNA sequence of part of Tn2680 showing the integration site of IS903.B and a comparison of it with Tn6, Tn9O3, and Tn2350. The
sequence at the right end of IS903.B on the transposons Tn2680 and Tn6 was found to be identical. The numerical coordinate for IS903.B is
indicated. The 9-bp target duplication is underlined, and the terminal inverted repeats are indicated by horizontal arrows. The sequence at
the right end of IS903.B on Tn2680 and Tn6 is compared with the corresponding sequences of Tn9O3 (13, 30) and Tn2350 (8, 9). A hyphen
represents a nucleotide identical to Tn2680 or Tn6. The dot under the sequence of Tn2680/Tn6 indicates the nucleotide A, which is present
on Tn9O3, but is absent on Tn2680/Tn6 at the right end of IS903.B, and which appears on Tn2680 at the left end of the IS903.B next to the
9-bp target duplication. Overlines with -35 and -10 indicate the promoter for the Kmr gene and that with SD points to the sequence
complementary to the 3' end of the 16S rRNA, respectively. The beginning of the Kmr gene is indicated by the amino acid sequence.

one copy of an IS903 variant, IS903.B, at the promoter-
proximal region of its Kmr gene in the middle of the
transposon. Cointegration between pOX38::Tn2680 and
pSHI99 occurs in rec and recA strains with similar fre-
quency; we found that the cointegrates mediated by IS26 and
those mediated by IS903.B appeared with similar frequen-
cies (22) (this study). Thus, not only IS26, but also IS903.B,
can promote cointegration independent of the host recA
function. Upon cointegration, IS903.B is duplicated and
generates 9-bp target duplications. IS903.B in Tn2680 is also
flanked by 9-bp direct repeats, indicating that simple trans-
position of IS903.B had occurred during generation of
Tn2680. Since the two inversely repeated IS903 sequences in
Tn9O3 are identical (13, 30), it is likely that transposition of
IS903 into the vicinity of a Kmr gene and subsequent
IS903-mediated DNA rearrangement(s) have occurred to
generate Tn9O3 (18, 30). Interestingly, the target site used for
transposition of IS903 to form Tn9O3 is different by 1 bp from
that used for integration of IS903.B in Tn2680. The se-
quences studied are considered "molecular fossils" and
allow us to speculate that these two transposition events had
occurred independently. That the sequences of IS903.B and
IS903 are not identical is consistent with this notion.
An IS903.B-mediated cointegrate between a plasmid car-

rying Tn2680 and another plasmid contains direct repeats of
IS26 and IS903.B. Recombination between directly repeated
IS26 sequences yields a new Kmr transposon, Tn2681, which
is flanked by direct repeats of IS903.B. Another Kmr trans-
poson, Tn6O2, flanked by directly repeated IS903-like ele-
ments, has recently been characterized (J. Davies, personal
communication). Since Tn2681 contains one copy of IS26 in
the middle of the transposon, IS26-mediated cointegration
and the subsequent recombination between direct repeats of
IS903.B would regenerate Tn2680 flanked by IS26. Plasmid
pTW20, a derivative of Rtsl, was reported to carry an about
1.7-kb Kmr segment flanked by 1.05-kb inverted repeats (36).
It is likely that these 1.05-kb inverted repeats in pTW20 are
IS903.B, described here.
Genesis of IS-mediated transposons and subsequent IS-

promoted rearrangements, including integration of a trans-
posable element into another element, have been shown
experimentally (14, 17, 18, 32). Integration of IS26 near the
Kmr gene and subsequent IS26-mediated DNA rearrange-
ments together with integration of IS903.B must have been
involved in generation of Tn2680 and Tn6, because they are
flanked by IS26. IS/-flanked Tn2350 and IS15-flanked
Tn 1525 are also likely to have been formed in similar
processes. The observations described here support the idea

that IS-promoted processes such as those demonstrated
experimentally are indeed involved in the natural evolution
of transposons.
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