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ABSTRACT

An insertion sequence, ISR11, isolated from Rhizobium
leguminosarum biovar viciae was studied in detail. Both
strands of the entire element were sequenced. The inverted
repeats (13bp) and target duplications (8bp) of the element
had features in common with three other IS elements, ISRm2,
IS66 and IS866 (from Rhizobium meliloti and Agrobacterium
tumefaciens).

The GENBANK and PIR sequence databases were searched
for similarities to ISRI1. The homologies found were to
other insertion sequences, unidentified open reading frames
and to several genes. All these sequences were from species
of Rhizobiaceae and all mapped to four small regions of the
element.

Two approaches were taken to identifying coding reg-
ions within ISRI1. Gene search by signal identified twenty
two open reading frames. The sequence of all these ORFs was
translated to protein sequences and compared to the sequen-
ce databases. Four ORFs showed significant homology to five
sequences from Rhizobiaceae none of which were insertion
sequences. The second approach, gene search by content, was
a statistical method based on an assumed codon bias in the
element and was unsuccessful.

Five frameshifting motifs were found in ISRI11, four of
which were in frame with the ORFs in which they were locat-
ed. Four binding sites for DnaA protein, one for integ-
ration host factor (IHF) and a potential promoter (which
may be associated with one of the ORFs) were also found.

The distribution of ISR11 throughout the Rhizobiaceae
was examined by Southern hybridization. The element was
found to be widespread but not ubiquitous in these species.
The banding patterns observed were not sufficiently differ-
ent for ISRI1 to be used as a DNA fingerprinting probe on
its own. No homologous sequences were detected outside the
Rhizobiaceae.

Using the element’s inverted repeats as primers for
polymerase chain reaction experiments, a family of related
insertion sequences was discovered in the Rhizobiaceae. The
elements ranged in size from c. 5 - 0:-7kb and were present
in some strains which showed no homology to ISRI1 in the

Southern blots and absent from some strains which did.
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CHAPTER 1. TRANSPOSABLE ELEMENTS IN PROKARYOTES.

Introduction.

Transposable elements have a number of remarkable
properties. These properties are the subject of this re-
view, but since many of them are interconnected, it is
useful to have a brief overview before considering them in
detail.

Briefly, the main features are as follows. Firstly,
their characteristic property is that they can move from
one locus to another which has no discernible homology to
the first; a phenomenon known as transposition. Associated
with transposition is a small duplication of target DNA
sequence, the length of which 1is characteristic to each
element. Secondly, they can induce various rearrangements
of genetic material, including deletion and inversion of
adjoining sequences and fusion of independent replicons.
Their third noteworthy characteristic is that they can have
strong genetic effects, in some cases switching genes on
and in others switching off a gene into which they have
inserted and also, in some instances, genes in which they
have not.

Structurally, they consist simply of a linear stretch
of double stranded DNA, the terminal sequences of which are
inverted repeats of each other. One class, the compound
transposons, are bound by insertion sequences (themselves
bound by inverted repeats). At least some of the functions
required for transposition are thought to be carried on the
transposable elements and some classes carry additional

functions unrelated to transposition.
Research History.

Transposable elements were discovered through the
elegant genetic and cytogenetic studies of Barbara McClint-
ock in maize (Zea mays) more than forty years ago?50

While studying the inheritance of colour and the dis-
tribution of pigmentation in plants that had undergone
repeated cycles of chromosome breakage, McClintock found

that the activities of particular genes were being turned



on or off at abnormal times. Because some of these genes
were associated with the development of pigments in kern-
els, as well as in the plant itself, certain kernels were
mottled, showing patches of pigmentation against an other-
wise colourless background. The patterns of this varieg-
ation were reproduced in successive generations and could
be analyzed 1like any other heritable trait. McClintock
concluded that the variegation observed was the result of
the action of distinct genetic units, which she called
controlling elements. Direct microscopic examination of
maize chromosomes containing controlling elements showed
that these elements served as specific sites for the break-
age and rejoining of DNA. Their physical characterization
in Z. mays and in other eukaryotes has awaited the analyt-
ical techniques of the present?51

In prokaryotes the study of transposable elements
dates from the discovery in the 1late 1960’s by several
researchers (most notably Malamy,'242 Saedler and Starling-

er;329’330 Brachet et al?} Adhya and Shapirol’MS’351 and
Jordan et al.;ws) of a new type of spontaneous mutation in
the galactose and lactose operons of a laboratory strain of
Escherichia coli and in the early genes of bacteriophage A.
The mutations were unusual in that their effects were de-
tectable beyond the borders of the mutated genes themselves
(polar mutations). Many of these mutations were soon shown
by hybridization and heteroduplex analysis to be insertions
of the same few segments of DNA in different positions and
orientations!''’'®® These fragments were named insertion
sequences or IS elements. Their similarity to the genetic
elements discovered by McClintock became clear when it was
recognized that insertion sequences are natural residents
of the E. coli genome and that the observed insertion mut-
ations were examples of their movement to new genetic loc-
ations. Such DNA elements were shown to mediate recombin-
ation processes leading to gross DNA rearrangements such as
deletion, inversion and replicon fusion:'?

At about the same time that IS elements were discover-
ed, other researchers observed that genes known to code for
antibiotic resistance could be transferred from one DNA
molecule to another. In 1974, Hedges and Jacob'>' found

that the transfer between plasmids of a gene conferring



resistance to antibiotics such as penicillin and ampicillin
was always accompanied by an increase in size of the recip-
ient plasmid and that the recipient could thereafter donate
this resistance to other plasmids which thereupon showed a
similar increase in size. They postulated that the gene for
ampicillin resistance was carried on a DNA element that
could move from one molecule to another and called this
element a transposon.

Prior to the discovery of transposable elements the
only other type of genetic recombination known was general-
ized recombination (mediated by the recA gene), a process
that relies on genetic crossover between a pair of sequenc-
es with a high degree of homology but which was not believ-
ed to be capable of producing sudden or dramatic changes in
a genome. McClintock’s discovery that genes were not the
stable entities they had been thought, was "a discovery
comparable to observing spontaneous atomic decay"?y) The
discovery of bacterial insertion sequences and their capac-
ity for modifying gene expression, sequestering genes and
promoting genome rearrangements has made an important con-
tribution to destroying the concept of the genome as a
fundamentally stable entity. The concept of chromosomes as
invariable entities of genetic information transmitted
unchanged from generation to generation has now been aband-

oned in favour of a more dynamic view.
Variety, Types.

The two principal types of transposable elements are
insertion sequences and transposons. Insertion sequences
(IS elements) are defined as mobile genetic elements con-
taining no detectable genes unrelated to insertion func-
tions. Transposons (abbreviated as Tn) then are transpos-
able elements that do contain additional, detectable genes
unrelated to transposition functions. IS elements are dis-
tinguished from transposons solely on this basis, although
some researchers have used the terms "transposon" and
"transposable element" interchangeably%38’214

There is no one satisfactory method for the classific-
ation of all mobile elements. However, although it is an

oversimplification, many reviews divide bacterial transpos-


























































































































































































































































































































































































































































































































































































































































































