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1S801 is a transposable element isolated from Pseudomonas syringae pathovar 

(pv.) phaseolicola, the causal agent of halo blight of bean. Fragments of the element are 

present in multiple copies on an indigenous plasmid, pMMC7105, of strain LR781, and 

have been implicated as sites of homologous recombination leading to imprecise 

excision of the chromosomally integrated form of the plasmid. The element, which has 

been completely sequenced, is 1512 base pairs in length and is unusual among 

transposable elements in that it does not have direct or inverted repeats in its termini. 

The terminal regions of the element were uncoupled from the two major open reading 

frames, and trans-acting activity of the putative transposase was demonstrated in 

Escherichia coli (recA). An alignment of the sequences of thirteen insertions defined 

the precise borders of the element, and demonstrated that it does not duplicate its targets 

upon insertion. The target specificity of IS801 is similar to, but more degenerate than, 

the target specificity of two transposable elements to which it is closely related, IS91 

and IS1294. The consensus derived from the aligned target sequences is G/C-A/G-A-

C/G, and the target tetramer is found immediately adjacent to the right terminus of the 

element upon transposition. IS91 was demonstrated to mobilize 1S801, but not with the 

specificity characteristic of 1S801. The structure of 1S801 and the characteristics of 

IS91-activated transposition of 1S801 are discussed in light of a proposed model for 

IS91 transposition, and it is suggested that 1S801 could have been derived from IS91 by 
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a modification of its left end. Remnants of IS801 are present near avirulence genes of 

various P. syringae pathovars, suggesting that the element has been involved in genetic 

rearrangements in the vicinity of these loci. 
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MOLECULAR CHARACTERIZATION OF SPECIFICITY AND ACTIVITY  
OF THE TRANSPOSABLE ELEMENT 1S801 

CHAPTER I. OVERVIEW OF TRANSPOSABLE ELEMENTS 

Introduction 

When, in the late 1940's, Barbara McClintock first described unstable 

phenotypes in maize and attributed them to mobile genetic elements (McClintock, 1948, 

1949, 1950), her ideas were regarded with skepticism, if not outright scorn, by the 

scientific community. Although McClintock was at the time a productive and respected 

geneticist, the notion that some genetic determinants were anything but firmly fixed in 

their positions on chromosomes was unprecedented, and antithetical to the widely-held 

view of the stability of hereditary information. In the 1960's, unstable mutations in the 

lactose and galactose operons of Escherichia coli, the workhorse of early bacterial 

genetic studies, were found to be insertions of particular sequences found repeatedly, in 

different positions of the genome (Jordan et al., 1968; Shapiro, 1969; Hirsch et al., 

1972; Malamy et al., 1972). By the time it was realized that the genetic material of any 

laboratory subjects that are inspected--ranging from fruit flies to slime molds to 

vertebrates--contain mutations with characteristics similar to those in bacteria and 

maize, the existence of mobile genetic entities had been clearly validated. More than 

three decades after her unheralded discovery, McClintock's insight was recognized with 

a Nobel Prize, and transposable elements are now believed to be ubiquitous in 

organisms, and to have a prominent role in the evolution of genomes. 

Forty years after their discovery, transposable elements of all types are a focus of 

interest not only as players in molecular evolution, but also as powerful tools for 

biotechnology. With the revelation of their structures and sequences, the mechanisms 

and consequences of their activities, and their target specificities, their potential utility 
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as mutagens, as vehicles for the mobilization of genetic material, and as markers to 

facilitate mapping and cloning, has become clear and widely exploited. Beyond 

theoretical models of the impact of endogenous mobile, mutagenic agents on the 

evolution of genomes, transposable elements have more recently been implicated in 

specific examples of fitness effects, such as the in planta growth rates and virulence of 

plant pathogens (Kearney and Staskawicz, 1990), and a human inherited disorder, 

hemophilia (Dombroski et al., 1991). Research continues to confirm that these elements 

are distributed in the genomes of all species--that they are not more conspicuous, on a 

daily basis, to molecular genetic researchers is indicative of the high degree to which 

they are regulated in vivo--and new taxon-specific applications derived from mobile 

DNA continue to be developed. Whereas a few decades ago transposable elements 

merited only a few paragraphs in most general biology textbooks, entire books are now 

devoted to the growing body of literature encompassing the basic characterization, 

applications, and evolutionary implications of the large array of mobile genetic elements 

known today. 

In most references, the term "transposable elements" is used to collectively refer 

to insertion sequences (IS elements) and transposons, and they comprise one class 

among a broader assortment of mobile genetic entities, which include transmissible 

plasmids, viruses, Agrobacterium T-DNA (Zambryski, 1992), integron cassettes (Collis 

et al., 1993), and various elements in gene switching and conversion systems (Glasgow 

et al., 1989; Klar, 1989; Lutzker and Alt, 1989). Historically, the distinctions between 

most of these groups have not been points of contention, but a thorough comparison of 

all of the autonomous and non-autonomous mobile genetic entities known today would 

reveal overlaps between some members of what are commonly regarded as different 

groups, and indeed, some elements meet the "textbook definitions" of more than one 

category equally well (e.g. bacteriophage Mu, which is considered both a virus and a 

transposon). For the purposes of this discussion, the classification of various elements 
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as viruses, transposons, plasmids, etc. will follow the assignments made previously in 

the literature. It should be kept in mind, nevertheless, that as with many biological 

classification systems, exceptions to the conventional descriptions appear as more 

elements are discovered. 1S801, the insertion sequence that is the subject of this study, 

is itself an element that does not possess all of the hallmarks of the class to which it 

seems to naturally belong. 

This chapter is intended to present an overview of physical and behavioral 

characteristics of transposable elements, and their effects on genomes. As the subject of 

this dissertation is a bacterial element, most of the features of transposable elements 

discussed here will be illustrated with relevant bacterial examples, and eukaryotic 

elements will be given minor consideration, for the sake of brevity and cohesiveness. A 

selective treatment of additional aspects of eukaryotic elements, biased towards those 

that are well-characterized, will serve to contrast some of their distinct features with 

those of bacterial elements, and to summarize the unifying characteristics that 

researchers attribute to transposable elements. 

Occurrence and Abundance 

Often associated with plasmids and particularly with drug-resistance genes on 

plasmids, bacterial transposable elements can vary in copy number from a few to 

hundreds per genome. Within phylogenetic groups, bacterial strains can be highly 

polymorphic for the presence or absence of particular insertion sequences (Sawyer et al., 

1987). While certain elements have long been regarded as "genus-specific," recent 

studies of natural populations of E. coli and Salmonella typhimurium have confirmed 

that cross-generic distributions also do exist (Bisercic and Ochman, 1993). On the other 

hand, the exchange of plasmids between natural populations may be non-random, and 

inhibited between distantly related strains (Hall et al., 1989), limiting the extent of 
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dissemination of insertion elements by that mode. Some transposable elements appear 

to be restricted to plasmids, in that they have never been found in chromosomal 

locations (Galas and Chandler, 1989). In eukaryotes, transposons and related repetitive 

sequences are estimated to comprise at least 10% of genomes, in copy numbers of up to 

104 to 105 for the most abundant sequences in the larger genomes. Eukaryotic elements 

are highly genus- or species-specific in natural occurrence, but homologies between 

elements in distantly related species (such as human and mouse versions of LINE 

elements) imply common evolutionary origins. In both prokaryotes and eukaryotes, a 

significant fraction of copies of any element may be incomplete, non-autonomous 

deletion derivatives that can be mobilized in trans by intact elements of the same 

family. Regardless of species, the "load" of these parasite-like elements that can be 

borne by their hosts depends on how stringently they are regulated, as well as how 

sensitive a genome is to mutations (e.g. the size of the genome and the proportion of 

essential genes to non-coding sequences). 

Physical Structure 

While the demonstration of mobility as a discrete genetic unit is the primary 

criterion in defining a sequence as transposable, almost all transposable elements, 

whether of bacterial or eukaryotic origin, are distinguished by three physical hallmarks, 

which are often used to identify them: the presence of repeated motifs in their termini, 

in either direct or inverted orientation with respect to each other; duplicated copies of a 

short target sequence, flanking the element; and at least one gene encoding the 

"transposase," the specialized, element-specific recombinase necessary for the 

mobilization of the sequence (Figure I.1). It has been generally presumed, and borne 

out by experimental demonstration in numerous cases (Po lard and Chandler, 1995), that 

the terminal repeats comprise at least part of the sequences recognized and bound by the 
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tnpA 1-tnpR-11- amp -111. 4.9 kb Tn3 
reS 

kan ble str Ms 41-tnp 5.8 kb IS50/Tn5 

IS5OL(1.5 kb) IS50R(1.5 kb) 

IP> _dhfr- -aadA- -0tnsE -0tnsD -01-tnsC -0-tnsB 4-tnsA- 14 kb Tn7 

tet - tnp 1 9.3 kb IS 

IS /0L(1.3 kb) 1S10R(1.3 kb) 

tnp 1.8 kb 1S91 
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tnp 4.6 kb Acri) I 
pi. tnp 441 2.9 kb P 

rt 6.0 kb 1.1It* 

Figure 1.1. General structures and organization of typical transposable elements. 
Filled triangles represent terminal repeats, with numbers inside triangles indicating 
nucleotide lengths of the repeats, and relative orientations of the repeats indicated by the 
orientations of the triangles. Elements are not drawn to the same scale. Shaded IS 
elements (ISSOL, IS/OL) indicate that they are not identical to their right-end 
counterparts, and are defective for transposase activity. Abbreviations for genes: Tn3: 
tnpA=transposase, res=cointegrate resolution site, tnpR=resolvase, amp=ampicillin 
resistance; IS50/Tn5: kan ble str=genes for resistance to kanamycin, bleomycin, and 
streptomycin, tnp=transposase; Tn7: dhfr=trimethoprim-resistant dihydrofolate 
reductase, aadA=adenylyltransferase (resistance to streptomycin and spectinomycin), 
tnsABCDE=transposase genes; IS/ °an/0: tet=tetracycline resistance, tnp=transposase; 
IS91: tnp=transposase; Tyl: pro=protease, int=integrase, rt=reverse transcriptase; Ac: 
tnp=transposase; P: tnp=transposase; Ll: rt=reverse transcriptase. 
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transposases, and that the target duplications arise as consequences of staggered 

cleavage of target or transposon sequences (see Transposition Mechanisms: Models). 

Mutational and complementation analyses have confirmed that the substrate domains of 

transposable elements are functionally separable from their catalytic activities; thus, 

elements with defective or deleted transposase genes but intact termini (or any DNA 

embedded between intact, correctly oriented termini) can often be mobilized by 

functional transposase expressed in trans. The possibility of activation of altered, non-

autonomous elements in this manner has significant implications in terms of both their 

capacity to affect the genomes in which they naturally reside, and their utility as tools 

for genetic engineering. 

Bacterial elements that contain no genes other than those necessary for their own 

transposition are defined as insertion sequences (IS elements), and their sizes range 

from approximately 500 base pairs (bp) to 3 kilobase pairs (kbp); those called 

transposons possess accessory genes and/or are larger in size, generally between a few 

and tens of kbp. The accessory genes on transposons, common examples of which are 

genes encoding antibiotic and heavy metal resistance, may confer selective advantages 

to their hosts and influence the copy number of an element within an individual cell or 

its dissemination in a population. Composite transposons, such as Tn5 and Tn10 

(Figure 1.1), are evolutionarily derived from specific IS elements; their organization 

indicates that they arose when host genes became flanked by copies of the smaller IS 

elements, and the transposition machinery acted on both of the IS element copies, 

mobilizing both elements and the intervening sequences as a unit. With Tn5 and Tn/O, 

mutations accumulated over time have rendered the transposase ofone of the terminal 

IS elements non-functional while leaving the IS terminal repeats intact as substrates of 

the transposase activity, and the intervening sequence has become an integral 

component of the mobilized segment. Most transposable elements of eukaryotes do not 

carry accessory genes, but are called transposons by convention. IS elements and 



7 

transposons that share structural and functional features indicating an obvious 

evolutionary relationship, including mobilization by the same transposase, are grouped 

into families, such as the Tn3 family of bacterial elements, the Ac/Ds family of maize 

elements, and the Ty elements of yeast. 

Between defined families, transposases display no significant homology to each 

other. In a few cases, however, transposases and other element-encoded proteins have 

been found to share conserved motifs with various DNA-binding proteins, giving some 

insight into the origins of transposition systems. The Tn3 resolvase has homology with 

the bacterial/viral invertase (Hin, Gin, Pin, CM) family (Plasterk et al., 1983) and with 

bacteriophage A. proteins cro and cI (Pabo and Sauer, 1984). The transposase of IS91 

possesses amino acid motifs common to a family of plasmid replication proteins 

(Mendiola and de la Cruz, 1992). Additionally, considerable structural and behavioral 

similarities between some transposons and viruses suggest an evolutionary relationship-

-the nature of both types of elements to move and replicate in genomes, at some expense 

to their hosts, is difficult to overlook. A pathway by which a precursor of either viruses 

or transposons might have incorporated useful genes for functions such as integration 

and excision is suggested by the structure and presumed origin of composite 

transposons. Local sequence homologies and functional complementation between gene 

products of Mu and the nontransposing phage P1 (Chow and Bukhari, 1976; Toussaint 

et al., 1978), and between a Mu gene and tnpR of Tn3 (Kamp, 1987), provide a 

compelling case for an evolutionary linkage between viruses and transposons. The 

question of which came first, however, will likely remain an open one. Only recently 

have there been reports of homology between bacterial and eukaryotic transposons 

(Eisen et al., 1994); these, and the correlation of the structural hallmarks to specific 

recognition and cleavage steps implicit in all transposition events, imply that diverse 

and modem transposition systems have a long evolutionary history. 
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Transposition Mechanisms: Models 

Genetic recombination mediated by transposable elements is distinct from most 

other mechanisms of recombination in that it does not require extensive sequence 

homology between the donor and target sites. The transposition model that is 

mechanistically and conceptually simplest is the "cut-and-paste" model, of which Tn7 

and Tn/O are well-studied examples. In this type of transposition, a single copy of an 

element is removed from one site and inserted into another, with no replication of that 

particular copy of the element (Figure 1.2). Transposition is "conservative," a reference 

not to conservation of copy number but rather to the fact that both strands of an element 

are transferred from donor site to target site. Preciseness of excision may vary even 

among different transpositions of a single element. Staggered cleavage of the target 

sequence, with repair of the single-stranded gaps after ligation to the element, results in 

copies of that sequence flanking the new insertion. The donor replicon from which the 

element was excised could, in theory, then meet one of several possible fates: 

destruction and loss from the cell (but note that if a donor molecule is a plasmid, it will 

be replaced by overreplication), rejoining without replacement of the departed sequence, 

or restoration by a gene conversion-like process, which would use as a template a 

sequence elsewhere in the cell with homology to the gapped region. Donor sites of the 

maize Aci Ds and Spm elements, for example, are rejoined (Saedler and Nevers, 1985; 

Schwarz-Sommer, 1985), while Tn7 and P elements appear to be restored (Engels et al., 

1990; Hagemann and Craig, 1993). 

Another model, based on studies with Tn3 and Mu, a transposing bacteriophage 

(Arthur and Sherratt, 1979; Heffron et al., 1977; Shapiro, 1979; Gill et al., 1978), 

accounts for the preservation of a copy of a transposing element at its original site, a 

simple insertion at a new site with a net increase in copy number after the transposition 

event, and the duplication of target sequences at the termini of the new copy. Mu 
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111111111111 
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OR 
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Figure 1.2. Conservative (cut-and-paste) transposition. Staggered cleavage of a 
target sequence causes it to be duplicated at the donor/target junctions. The fate of the 
donor molecule is generally characteristic of each element (see text for examples). Note 
that although the transposed element per se is not replicated, overreplication of a 
plasmid donor molecule, or gap restoration, will effectively increase the total element 
copy number in the cell. 



10 

replicates within E. coli cells in a burst of transpositions that gives rise to a high 

frequency of mutant lysogens in an infected culture, hence the origin of its name, for 

"mutator phage" (Taylor, 1963). Following the initial non-replicative (i.e. "cut-and-

paste") integration of the phage into the host chromosome (Harshey, 1984), most 

infections proceed to the lytic cycle, in which approximately 100 prophage copies are 

produced as insertions in the genome. In vivo and in vitro studies on Mu indicated 

semi-conservative replication of the element, and this condition was central to Shapiro's 

proposed model. According to this model (Figure 1.3), the transposase introduces 

single-strand nicks at the borders of the element and of the short target sequence. The 

free 3' ends of the element are joined to the free 5' ends of the target area, creating two 

junctions from which replication can initiate. Replication can then proceed across the 

transposon either unidirectionally from one replication fork, or convergently from both 

junctions; Mu is replicated predominantly from one end (Goosen, 1978; Reich et al., 

1984), but the model accommodates both possibilities. This ligation of the originally 

resident transposon to the target region, and the subsequent replication of the element, 

gives rise to a cointegrate arrangement. The cointegrate structure is resolved by 

homologous recombination between the two copies of the element, by activities 

specified by either the element itself or the host's recombination system. The result is 

the retention of a copy at the "donor site" in addition to the new copy, which is now 

flanked by duplications of the target sequence. The Tn3 family appears to be unique in 

encoding an enzyme, resolvase, that resolves the cointegrate at a specific locus, res. 

Two types of mutant Tn3 elements demonstrate the presence of this mechanism: those, 

deleted for the res site, that in a recA background generate unresolvable cointegrates, 

and mutants in resolvase that give cointegrates that can be resolved by supplying the 

protein in trans. 

The intramolecular version of the Shapiro model, shown in Figure 1.4, gives rise 

to inversions and deletions within a single molecule, and satisfactorily accounts for 
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cointegrate 

regenerated donor 

simple insertion 

Figure 1.3. Intermolecular replicative transposition. The model, proposed by 
Shapiro (1979), invokes an intermediate that is a cointegrate of the donor and target 
molecules, joined by copies of the element in direct orientation with respect to each 
other. Resolution of the cointegrate by homologous recombination between the element 
copies (which for Tn3 takes place within the res locus) results in a simple insertion of 
the element, plus one copy of a target sequence, into the recipient molecule, while the 
original donor sequence is fully restored. As with conservative transposition, 
duplication of the target sequence is attributed to staggered cleavage of the site. 
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Figure 1.4. Intramolecular replicative transposition. Mechanistically equivalent to 
the intermolecular version, transposition within a plasmid can either invert a segment 
between one end of an element and the target, or delete it, the outcome depending on 
whether the element and target are ligated on different strands (A) or the same strand 
(B). After Pato (1989). 
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other rearrangements seen with Mu, and the presumption that successive Mu 

transpositions do not fragment the host chromosome. When combined in vivo with 

lambda phage DNA and plasmids, Mu generates fusions and cointegrates, simple 

insertions, deletions, inversions, and duplications, all of which can be accounted for as 

direct consequences of Shapiro's mechanism, or by subsequent homologous 

recombinations between multiple copies of Mu sequence within and between replicons. 

The Shapiro intermediate is an appealing one in that it could be incorporated 

into a conservative transposition model as well, if the remaining donor/element 

junctions are cleaved before replication is completed. Mizuuchi (1984) verified that 

products of such "aborted" pathways do occur. The physical isolation and electron 

microscopic visualization of a Shapiro intermediate (Miller and Chaconas, 1986), and 

demonstration of its competency to generate appropriate products in vitro (Craigie and 

Mizuuchi, 1985), have validated the model. The Shapiro model and the cut-and-paste 

model each neatly account for either stepwise increase or conservation of element copy 

number, and for the duplication of short target sequences. The replicative model also 

explains how cointegrates, inversions, and deletions could be generated by transposition 

events. Similar rearrangements are also promoted by conservatively transposing, 

composite transposons such as Tn5 and Tn10 (Berg, 1989; Kleckner, 1989). Thus, they 

have been widely accepted as general models for transposition mechanisms. Such 

genomic rearrangements have been consistently observed with many other elements, 

suggesting that transposition events, via their heterogeneous effects, may be 

contributing to a significant proportion of spontaneous mutations. 

Although the conservative and replicative mechanisms described above might 

appear to be easily discriminated on the basis of their effects on element copy number, 

this is often not the case when the donor element resides on a high copy number 

plasmid. If a plasmid-borne element transposes by the cut-and-paste mechanism, only 

that single plasmid molecule, with its empty site from which the element departed, 
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would give evidence of the "cut-and-paste" event. Unless that single molecule or its 

progeny can be selected for or identified (which is less likely as the copy number of the 

plasmid increases), it will be undetectable among the rest of the plasmids in the cell- -

copies of the original plasmid molecules with one copy each of the element. Plasmid 

overreplication would replace a broken and lost donor molecule; alternatively, donor 

sites of conservative transposition can be restored as depicted in Figure 1.2, giving a 

misleading increase in element copy number. Similarly, there are examples of bacterial 

and eukaryotic elements whose cut-and-paste transposition is coupled to chromosome 

replication in a way that preserves the donor element (Figure 1.5). Therefore, caution is 

warranted in interpreting some observations, especially when copy numbers cannot be 

accurately quantified or the fate of donor molecules is unknown. The term "simple 

insertion" denotes an insertion of a discrete sequence without alteration or 

rearrangement to sequences surrounding the target, and should not be confused as 

implying that replication of the element does not occur (compare Figures 1.2 and 1.3). 

Conversely, an increase in copy number does not necessarily correlate with a replicative 

mechanism (see Figures 1.2 and 1.5). On the other hand, the cut-and-paste and 

replicative mechanisms may be easily differentiable in transpositional recombinations 

that take place between single-copy or low-copy replicons, particularly when a specific 

marker or selectable trait is linked to the element donor site. 

A small number of elements proven to be transposable, including 1S801, lack 

either the terminal repeat sequences or the target duplications, or both. These elements 

are of interest because they test common assumptions about the relationships between 

these hallmarks and the mechanisms of transposition. The models described above 

invoke the terminal repeats as specifically recognized substrates of the transposase, and 

the target duplications as the consequences of staggered cleavages, but these models are 

adaptable enough (in the absence of any inconsistent observations) to take into account 

either of IS801's deviations from the norm, simply by postulating a blunt cleavage of the 
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Figure 1.5. Consequences of coupling of conservative transposition to replication. 
Transposition from an unreplicated site to a newly replicated site (A) results in the loss 
of an element from one daughter cell and no increase in element copy number in the 
other daughter cell, whereas transposition from a newly replicated site to a site on the 
sister chromatid (B) results in the gain of one element copy by one of the daughter cells. 
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target site and transposase recognition of non-identical termini. However, findings on 

other recently studied, atypical elements call for new proposed mechanisms. 1S801 is 

closely related to IS91, an element that possesses terminal repeats but does not generate 

a target duplication (Mendiola et al., 1992), as well as to 1S1294, which does not have 

terminal repeats (Tavakoli, 1994). Deletion of the left end of IS91 does not 

immobilizethe element but induces plasmid fusions, rather than the simple insertions 

seen with the complete element; deletion of the opposite end, on the other hand, 

abolishes mobility altogether. These observations, suggestive of a polarity of insertion, 

in conjunction with the possession, by 1S91 and 1S801, of amino acid motifs conserved 

in a family of plasmid rolling circle replication proteins (Mendiola and de la Cruz, 1992; 

Appendix C), led to the proposal of a "replicative sequential transposition" mechanism 

with features similar to rolling circle replication of plasmids (Mendiola et al., 1994). A 

similar pathway has previously been suggested as an aberrant form of transposition for 

derivatives of Tn3 (Motsch and Schmitt, 1984; Motsch et al., 1985). 

Another mode of translocation is represented by a group of elements known as 

conjugative transposons, of which Tn1545 of Streptococcus pneumoniae (Courvalin and 

Car lier, 1987; Caillaud and Courvalin, 1987) and Tn916 of Enterococcus faecalis 

(Gawron-Burke and Clewell, 1982; Clewell et al., 1988) are prototypical examples. 

These elements form free, non-replicative circular intermediates that can transpose 

within the same host cell or be transmitted, conjugatively, to other cells. Moreover, 

these elements neither duplicate their targets nor possess repeats in their terminal 

regions. Elements such as these, and 1S801 and its relatives, will be sources of a more 

comprehensive understanding of both the unifying properties, and the diversity, of 

mobile elements and their activities. 
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Physical and Genetic Effects 

The varied physical consequences of transpositional recombination are what 

make transposable elements so versatile as natural agents of evolution and as tools for 

molecular biology. Through different configurations in which element termini may be 

associated with a target site during a recombination event, sequences flanking the 

element may be duplicated, deleted, inverted, or cointegrated with other DNA 

molecules. Additionally, they act as sites for homologous recombination, further 

promoting rearrangement of the genome. Concomitant with the addition, deletion, or 

rearrangement of genetic sequences, but also with simple insertions, are the effects on 

expression of the genes adjacent to and near the donor or target sites. The kernel 

pigmentation variants that inspired Barbara McClintock's postulation of transposable 

elements came to be models for the developmental regulation of gene expression. 

Insertional inactivation of functional genes is perhaps the most commonly observed 

result of transposition events; the first genetic trait studied by Gregor Mendel, the 

round/wrinkled pea phenotype, is now known to owe one of its alleles to a transposon 

insertion (Weaver and Hedrick, 1992). In bacteria, where genes are clustered into 

operons, an insertion into one site can have a polar effect on all genes of that operon that 

are located downstream of the insertion site; the first bacterial IS elements discovered 

were mutations of this type in the lac and gal operons of E. coli (Jordan et al., 1968; 

Shapiro, 1969). An insertion into a regulatory region of a gene, rather than the coding 

sequence of a gene, could either increase or attenuate the expression of that gene, 

depending on the orientation and location of the insertion, and on whether the element 

itself has an active promoter. Again, an insertion into an operon promoter region could 

affect the expression of the entire set of structural genes. The literature abounds with 

reports of mutant phenotypes attributed to insertion elements, and this simple 
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phenomenon is the basis for using transposable elements as tools for generating new 

mutants for research. 

In addition to their effects due strictly to physical interruption of genes, 

transposable elements can induce phenotypic changes when their promoters act on 

exogenous sequences. Although promoter activities of transposons are usually very 

low, the placement of even a weak promoter next to a previously silent sequence could 

be of significant consequence to a cell. Conversely, transposable elements themselves 

are modulated by the genetic contexts in which they are placed; when located 

downstream of strong promoters, expression of their genes may be increased, unless 

they possess mechanisms to offset such position effects (see Regulation). As portable 

promoters that can activate cryptic sequences in the host genome, or as cartridges that 

are variably expressed depending on their genetic environments, transposable elements 

are of interest to genetic engineers and to molecular evolutionists. 

Regulation 

Random and frequent movement of an element, particularly of the replicative 

type, would eventually lead to a lethal insertion into an essential host gene; unrestricted 

activity of elements is, invariably, intolerable to the host and strongly selected against. 

Estimates of "natural," in vivo transposition rates vary from 10-5 to 10-8 per cell per 

generation, or lower, and such measurements undoubtedly depend on the element, the 

assay, and variable factors such as environmental conditions and developmental status 

of the organism. Transposable elements and their hosts utilize many strategies to 

regulate the expression level or the copy number (or both, as each can affect the other) 

of elements within a cell. Multiple regulatory mechanisms operating on IS10/Tn10 

have been thoroughly characterized, and will provide many of the examples mentioned 

here. 
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IS50/Tn5 and IS101Tn10 are known to be regulated by methylation (Roberts et 

al., 1985; Yin et al., 1988), as experimentally demonstrated by elevated activity of the 

elements in dam- host strains. Two specific methylated sequences, located in the 

termini of IS10, render the element inactive, presumably by making the termini 

inaccessible to the transposase. Maize transposons are temporarily inactivated by 

methylation, such that only a fraction of the copies in a cell are expressing activities; it 

is not clear, however, whether methylation in this case is specifically targeted to the 

transposons to buffer their mutagenic effects, or whether the elements are being 

subjected to methylation on the same terms as the rest of the genome (Brutnell and 

Dellaporta, 1994). The methylation status of DNA is coordinated with its replication 

cycle and with organismal development, so that transposon activities are also temporally 

controlled. 

Various forms of autoregulation are mediated through element-encoded 

modulators of transposase expression. IS10/Tn10 expresses an anti-sense RNA that 

pairs with transposase mRNA, preventing translation (Simons and Kleckner, 1983). 

While the effective concentration of transposase experienced by individual IS10/Tn10 

elements is constant regardless of total copy number within the cell, owing to the low 

diffusibility of the IS10 transposase from its synthesis site (Morisato et al., 1983), the 

trans-acting anti-sense RNA increases in concentration and effectiveness as element 

copy number increases. This effect, resulting in maintenance of a low copy number, is 

known as multicopy inhibition. A number of transposable elements encode specific 

repressor proteins. A protein inhibitor produced by IS50, which is essentially an amino-

terminal truncation of the transposase protein (Johnson et al., 1982), strongly suppresses 

transposition of IS50/Tn5 introduced into a cell that already contains a copy, 

presumably by forming hetero-oligomers with the transposase and perhaps competing 

with it in other intermolecular interactions as well (Wiegand and Reznikoff, 1992). An 

inverse relationship between copy number and activity is also seen with the Ac element 
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of maize. The mechanism of Ac's negative dosage effect, as it is called, is unknown, 

and interestingly, it is absent when Ac is introduced into heterologous hosts such as 

tomato and tobacco (Jones et al., 1989; Keller et al., 1992), suggesting that host factors 

present in maize may be contributing to the phenomenon. 

Particularly in eukaryotes, a significant fraction of copies within some element 

families are defective derivatives of the intact elements. Interestingly, such defective 

elements may contribute to regulation of their co-resident, active counterparts. Like the 

IS50/Tn5 inhibitor, a mutant protein partly isosequential to a transposase might interfere 

with the normal protein's function, by virtue of having similar binding sites and 

functional domains. The inhibitory effect of one particular deletion derivative of the 

maize transposon Spm was postulated to be due to unproductive binding of its aberrant 

protein product to functional Spm elements (Cuypers et al., 1988). 

Several transposable elements that otherwise appear to be non-sequence-specific 

for targets display a preference for untranscribed regions. In some cases, this 

observation may be the inevitable result of strong selection against cells in which an 

element is overexpressed. When it is real, a bias toward untranscribed targets has two 

consequences that probably contribute to maintenance of an element within a genome, 

and that also indicate the selection pressures that engender it: first, the preference tends 

to keep insertions away from constitutively expressed, essential genes, and second, it 

keeps the element away from sites that might cause it to be overexpressed. That this 

preference is seen with Tn10, an element that has other safeguards acting on it, shows 

that it is an exceptionally tightly regulated system. In contrast, the maize element 

Mutator predominantly targets low copy number sequences, which are mostly 

transcribed regions (Cresse et al., 1995). These two contrasting behaviors are 

illustrative of the self-optimizing nature of transposons--on the one hand, elements 

without their own promoters would be expected to evolve a tendency toward insertion 

into transcribed regions, in order to ensure their expression; elements having their own 
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promoters, on the other hand, might be strongly selected for avoidance of exogenous 

promoters. 

IS10/Tn10 additionally insulates itself from the negative effects of chance 

insertion into strongly transcribed regions. Readthrough transcripts initiated by 

promoters outside of IS10/Tn10 form secondary structures that effectively inhibit 

translation, whereas transcripts initiated by the element's own promoter lack the 

sequences to form the terminator (Davis et al., 1985). Other elements, including 1S801, 

possess inverted repeats within their terminal regions that could act as transcriptional or 

translational terminators. 

While many transposable elements insert nearly randomly into new sites, others 

select specific target sequences almost exclusively. Among the latter type, notable 

examples are Tn7 and Tn554. For these and other elements that show target specificity, 

the availability of appropriate target sites affects the rate of transposition. Tn7 contains 

two genes that govern different target specificities: the tnsD-dependent pathway 

promotes high-frequency insertion into a preferred site, attTn7, or to related pseudo-

attTn7 sites, at a lower frequency, when attTn7 is unavailable; the tnsE-dependent 

pathway directs insertions into sites that are unrelated to tnsD-specified targets or to 

each other, also at a lower rate than to the preferred insertions into attTn7 (Kubo and 

Craig, 1990). Tn554 is extremely site-specific, transposing at high efficiency when its 

target, attTn554, is available, but able to transpose at lower rates to mutant derivatives 

of attTn554; its activity is greatly reduced, however, when attTn554 is absent altogether 

(Krolewski et al., 1981; Murphy et al., 1981). Therefore, Tn554 exemplifies an 

element whose capacity to move is highly dependent on its genetic environment, while 

Tn7 is adapted to exploit whatever sequences are available in its host. 

Tn3 and Tn7 provide particularly striking examples of copy number restriction: 

one copy of an element, or a specific "immunity" sequence, within a DNA molecule 

renders that molecule resistant to additional insertions of that same element. With both 
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Tn3 and Tn7, the presence of merely one terminus confers immunity. Transposition 

immunity is cis-acting but not necessarily absolute. A copy of Tn3 on a plasmid will 

transpose to another site on that plasmid at the same rate as to another molecule (Bishop 

and Sherratt, 1984), but not if an additional terminus is present on the plasmid. With 

Tn7, plasmids of 50 kb or more in size are rendered immune by an immunity-conferring 

sequence (Arciszewska et al., 1989), but some plasmids with multiple insertions of the 

transposon have been seen (Moore and Krishnapillai, 1982; Barth et al., 1978). The 

molecular basis for transposition immunity is unclear, but topological constraints as 

well as titration of limiting factors have been hypothesized. 

The dissemination of a particular transposable element within a cell thus 

depends on a multitude of interacting factors such as transposition frequency, whether 

the element transposes replicatively or conservatively, whether the element resides on a 

single-copy or mulicopy replicon, autoregulation and repression, the availability of 

suitable target sites, and selection pressures. Insertion and excision events can also be 

limited to specific DNA contexts and topologies, or phases of replication or 

development. 

Selected Features of Eukaryotic Elements 

Eukaryotes harbor within their genomes a large proportion of repetitive 

sequences, and many of these repetitive sequences are now known to be transposable 

elements. Of those elements that have been identified, it is not unusual for them to exist 

in copy numbers of hundreds of thousands. Members of eukaryotic element families 

typically display considerable sequence and size heterogeneity among themselves; 

particular copies may be unique within an individual, but collectively they interact in cis 

and trans such that autonomous and non-autonomous versions contribute to the 

dynamic variability of their host genomes. 
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The families of maize transposable elements that are best-characterized are the 

Activator/Dissociator (Ac/Ds) and Suppressor-mutator (Spm) (also known as Enhancer-

Inhibitor) families, both discovered by McClintock (1948, 1954), and the Mutator (Mu) 

family, discovered by Robertson (1978). All of these elements have inverted terminal 

repeats and generate duplications of sequences at their insertion sites; all families are 

represented by autonomous and non-autonomous members, the latter of which are 

mostly deletion derivatives of the former, and mobilizable only in their presence. 

In their genetic effects, the maize element families have distinct patterns of 

manifestation. Ds elements, the non-autonomous counterparts of Ac elements, are 

conspicuous for inducing chromosome breakage (dissociation) when activated, but their 

transposition is often accompanied by other types of chromosomal rearrangements, such 

as duplications and inversions. McClintock recognized that Ds required Ac for 

activation. Ac elements, because of their autonomy, tend to be associated with more 

unstable (revertible) mutant phenotypes than Ds. Spm elements are notable for their 

ability to modulate gene expression either positively or negatively, depending mostlyon 

their relative location within a gene. Mutator was recognized by the high spontaneous 

mutation rate exhibited by lines that carry it. 

The rate and timing of excision and transposition of maize elements, tracked by 

visible phenotypic markers such as kernel color, has shed light on basic developmental 

processes such as the spatial distribution of dividing cells, and the developmentally 

coordinated regulation of the elements themselves. Ac/Ds, Spm, and Mu elements are 

all sensitive to methylation, and at least in the Ac/Ds and Spm systems this mechanism 

provides for a defined, reversible inactivation of elements. An autoregulatory dosage 

effect is seen with the Ac/Ds elements, such that transposition frequency decreases as 

copy number of the elements increases. Ac/Ds moves preferentially to nearby, cis 

positions, and into non-transcribed regions, which, by analogy to Tn/O, may contribute 

to the maintenance of the element in the genome by avoiding overexpression. Mutator 
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shows a bias toward low copy number sequences, which are for the most part active, 

unmethylated genes (Cresse et al., 1995). 

Most eukaryotic transposons have not been accessible to the tools that have 

allowed the fine dissection of bacterial transposition mechanisms, but Ac/Ds and Spm 

are probably non-replicative, and Mutator probably replicative, based on the segregation 

of loci containing insertions, reversion frequencies, and sequence data. The coupling of 

Ac, and probably Spm, transposition to chromosome replication can result in a net 

increase in element copy number within a cell lineage, if an element transposes to a 

sister chromatid shortly after replication (Figure 1.5). Ac/Ds and Spm excise 

imperfectly, leaving "footprints" of small numbers of nucleotides that generate new 

alleles and phenotypes. The existence of a free, circular, non-chromosomal form of 

Mutator may be indicative of an unusual transposition mechanism, of which this 

circular form is an intermediate (Sundaresan and Free ling, 1987). 

The Ac/Ds elements have proven to be a valuable tool for plant molecular 

biology, as they transpose efficiently in other plant species. Because the regulation of 

these elements in other hosts appears to be different in some aspects--e.g. the dosage 

effect is reversed--these heterologous systems may enlighten not only the molecular 

genetics of plants but the biology of the elements themselves. 

Hybrid dysgenesis, a "syndrome" defined by high mutation rates, sterility, and 

segregation distortion in the offspring of crosses between certain strains of Drosophila 

melanogaster, puzzled geneticists for years. Eventually these and other genetic 

indications, such as hot spots for chromosome breakage and the instability of certain 

mutations, were linked to a class of transposable elements, now called P elements. 

When a strain without the elements is crossed to one harboring them (in the range of 30 

to 50 copies), the elements are activated to transpose at a high frequency, inducing the 

mutations seen in offspring. Hybrid dysgenesis is a potent mechanism for reproductive 

isolation and hence, speciation. 
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Like the families of transposons found in maize, P elements include a 

"complete" element prototype, and non-autonomous ("defective") versions that appear 

to have been derived by internal deletions of the complete element (O'Hare and Rubin, 

1983). The inverted terminal repeats, which are found intact in the defective elements, 

have been demonstrated to be essential to transposition (autonomous or trans-activated) 

(Karess and Rubin, 1984), whereas the target duplications are associated with the degree 

of preciseness of subsequent excision from that site. The tandem copies of the target 

sequence seem to be acted on as sites of homologous recombination, with excision of 

the intervening P element sequence, but the process is clearly transposase-dependent, as 

excision is rare in non-dysgenic strains (Engels, 1989). Other direct repeats (some as 

short as 2-3 bp) are overrepresented as endpoints of the internal deletions in the 

defective elements, and of imprecise and nearly precise excisions; Engels (1989) 

suggests that what appear to be precise excisions of P, then, may simply be special cases 

of a general deletion process that utilizes repeats in a relatively non-specific manner, 

and notes that the excision assays that have been used are biased toward detecting 

precise excision/deletions. 

Two aspects of P element regulation have been described--germ line specificity 

and cytotype repression. The rates of transposition in the germ line contrast 

dramatically with the relative stability of the elements in somatic tissue. The 

explanation for this tissue specificity lies in incomplete splicing of the transposase 

mRNA in somatic cells, which gives rise to a non-functional protein (Laski et al., 1986). 

Cytotype repression is manifested as the relative immunity of P cytotype strains (those 

possessing the ability to induce dysgenesis) to the deleterious effects of their own 

elements. A clear model for repression has not yet emerged, but by analogy to 

transposition repression/immunity mechanisms seen in bacteria, it has been 

hypothesized to involve either a protein or an anti-sense RNA (Simmons and Bucholz, 

1985; Rio et al., 1990; Rasmusson et al., 1993). 
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Saccharomyces species harbor many copies of transposons and transposon-like 

sequences, the best-known of which are the Ty elements. Most yeast transposable 

elements, including the Ty elements, are retrotransposons--so named because of their 

resemblance to retroviruses in utilizing the unusual process of reverse transcription as 

their method of replication. Ty elements alone are estimated to comprise approximately 

0.04% of the total yeast genome (Boeke et al., 1985), although wild strains have fewer if 

any copies of some of them, compared to laboratory strains (Boeke, 1989). 

Several types of Ty elements are known, but all have a structure reminiscent of 

the prototypical transposon: sequences of about 330 bp, known as 8, a, and T, form the 

long terminal repeats (LTRs) of Ty elements and flank genes that specify an array of 

activities involved in mobilization (Figure I.1). The LTRs have the same substructure 

as the termini of animal retroviruses, and the open reading frames are homologous to 

genes of retroviruses and retrotransposons from other sources. Although 8, a, and 

probably are not themselves transposable, they are found "solo" around the genome, 

have short terminal inverted repeats, and are flanked by 5 by duplications, as are Ty 

elements that have transposed. Most likely, these solo copies arise from homologous 

recombination between LTRs, although trans-activation by intact Ty elements is a 

second possibility (Boeke, 1989). Ty messages constitute 5-10 % of the total poly(A) 

RNA in yeast cells (Boeke et al, 1985). Transcripts are packaged into virus-like 

particles that may be integral intermediates in the transposition pathway, but are non-

infectious (i.e. non-transmissible and extracellularly inactive). The rate of Ty 

transposition has been experimentally observed to be affected in coordination with other 

regulated events, such as the mating type switch; by Ty-specific suppressor genes; and 

by temperature, probably due to the thermolability of reverse transcriptases in general 

(Garfinkel et al., 1985). 

Ty insertions into coding regions revert at a virtually undetectable frequency, 

suggesting that precise excision is a very rare event. Insertions into non-coding, 
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5' regulatory sequences are common and seem to be preferred; especially intriguing is 

the abundance of Ty and 8, a, and i copies near tRNA genes (Boeke, 1989). 

In humans, transposons and transposon-like dispersed elements collectively 

occupy 25% of the genome. The largest family of elements in mammals is the LINES 

(long interspersed nuclear elements) family, of which the human version, L1Hs, is 

found in 105 full-length and truncated copies per haploid genome. The prototypical 

complete human L1 is approximately 6 kb long and is flanked by short duplications but 

lacks long or short repeats in its termini. LINEs are sometimes called "retroposons" to 

distinguish them from coexisting "retrotransposons" that do possess long terminal 

repeats and more closely resemble retroviruses (see discussion on Ty elements of yeast). 

Two open reading frames span most of the element, and the 3' terminus is distinguished 

by an poly(A) tail, indicative of a reverse transcription mechanism for replication. 

Among copies of L1 elements in the same species, sequence variability is about 5% 

(Dombroski et al., 1991; Hutchinson et al., 1989); among copies of L1 elements from 

different species, the greatest sequence divergence is seen at the 5' end of the elements. 

Truncations of the 5' end are also common, and consistent with incomplete reverse 

transcription events. Propagation by reverse transcription implies a duplicative process, 

increasing the copy number of elements. Ll sequences are highly dispersed throughout 

genomes rather than clustered or tandemly arranged, as are some other repetitive 

sequences, and variability in the sequence and length of the flanking short direct repeats 

implies a random selection of insertion targets. 

In 1991 Kazazian and co-workers (Dombroski et al., 1991) were the first to 

provide compelling evidence for identification of a human L1 copy that had transposed. 

Theirs was also the first documentation of a human disease caused by a transposable 

element. A collaborating group (Mathias et al., 1991) demonstrated expression of 

reverse transcriptase from this Ll copy, in a Ty-based assay, strengthening the claim 

that this was the first active transposable element found in the human genome. 
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As the above examples illustrate, transposable elements in widely divergent 

species are remarkably similar in behavioral, structural, and regulatory aspects, and the 

recent detections of homologies between bacterial and eukaryotic elements reinforce 

their assignment as a unified category of genetic entities that may have originated very 

early in evolutionary time. Regardless of the spectrum of activities and forms assumed 

by prokaryotic and eukaryotic transposable elements, by virtue of their mobile and 

propagative nature they all share in common the selection pressures that are imposed by 

genomes that can only go so far in accommodating their presence. These pressures have 

given rise to regulatory mechanisms that are seen in both prokaryotic and eukaryotic 

organisms, including transcriptional and translational controls, methylation, topological 

constraints, limited site preferences, and autorepression. The introduction of a 

transposable element into a genome previously unexposed to one of its kind can provide 

a tractable model for processes of gene regulation, selection, and adaptation that operate 

on the host/transposon relationship (see also Evolutionary Aspects). 

Evolutionary Aspects 

One of the most serious problems in public health worldwide is the decreasing 

effectiveness of antibiotics against infectious diseases. Liberal use of these drugs has 

selected for strains of tuberculosis, malaria, and other pathogens that are becoming more 

and more resistant to even aggressive treatment. There is no question that transposable 

elements and plasmids have been vehicles for the rapid horizontal dissemination of 

some of these resistance genes, as documented for an epidemic of dysentery in post-war 

Japan (Watanabe, 1963) and hospital infections in this country (Smith, 1966). Medical 

strategies in the future must take into account the capacities of bacteria, viruses, and 

fungi to overcome selective pressures of many types. The potential for acquired 

resistance to antimicrobial therapies should be considered in the realm of agriculture as 
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well, as suggested by the association of an IS element with a copper resistance plasmid 

in a phytopathogen (Kearney and Staskawicz, 1990). 

Although it is clear that the possession of genes for antibiotic or metal resistance 

by many transposable elements confers on them a strong competitive advantage in any 

environment in which these compounds are present, little is known about the effects of 

apparently non-selectable elements on the organisms in which they reside. Generally 

regarded as "selfish" (i.e. parasitic) elements that exist solely to transpose and multiply 

at the expense of their hosts, their maintenance may nevertheless be neutral or even 

beneficial, in the long term, provided their replication is strongly regulated. The genetic 

and phenotypic plasticity that they generate directly through their mobilization, and 

additionally by acting as sites for homologous recombination, had been postulated early 

on in studies of transposable elements as a constituent of adaptation and evolutionary 

change. Experiments with bacterial and yeast strains containing transposable elements 

(including some bacteriophages) have demonstrated that mobile elements confer 

selective advantages in nutrient-limited chemostat cultures (Wilke and Adams, 1992; 

Chao and Mc Broom, 1985; Biel and Hartl, 1983; Hartl et al., 1983; Ed lin et al., 1975; 

Ed lin et al., 1977). A number of possibilities can account for the effects seen in these 

specific experimental conditions, but it is not clear that such explanations are applicable 

to natural conditions, or over extended periods of time. On the other hand, that the 

fitness effect has been observed with all transposable elements studied in chemostats, 

indicates that it is not artifactual. 

1S801: Background Studies And Initial Characterization 

The published papers of Szabo and Mills (1984), Poplawsky and Mills (1987), 

Mills et al. (1987), and Romantschuk et al. (1990) detail the studies that ultimately led 

to the discovery of 1S801, the subject of this dissertation. A preliminary 



30 

characterization of the element has also been published by Romantschuk et al. (1991; 

Appendix A). This section will therefore give only an abbreviated account of the major 

steps in the identification, cloning, and initial characterization of 1S801. 

In investigations of determinants of pathogenicity and genetic variability in 

Pseudomonas syringae pv. phaseolicola, the causal agent of halo blight of bean, an 

indigenous cryptic plasmid, pMMC7105, had been observed to recombine into and out 

of the chromosome, often carrying parts of the chromosome with it upon excision 

(Szabo and Mills, 1984; Poplawsky and Mills, 1987). This behavior is reminiscent of 

the F plasmid of E. coli, which alternates between existence as a free plasmid circle and 

as a chromosomally integrated form. A number of IS elements on the F plasmid act as 

sites of homologous recombination for the integration and excision events (Deonier and 

Hadley, 1980; Deonier and Mirels, 1977; Timmons et al., 1983). Cloning, 

hybridization, and sequencing of fragments of pMMC7105 revealed three distinct 

repetitive elements, designated RS-I, RS-II, and RS-III. RS-II was shown to be a site of 

homologous integration of pMMC7105 into the chromosome, whereas all three of the 

repetitive elements were identified as endpoints for different excision products. 

Given the F plasmid model, it was logical to hypothesize that one or more of the 

sequences acting as sites of recombination between pMMC7105 and the host 

chromosome were insertion sequences, and the presence of appropriately spaced 

inverted repeats within RS-II suggested its candidacy as a transposable insertion 

sequence. An assay specifically devised to detect and entrap transposable elements 

(Kado et al., 1988) was used to test the hypothesis. Two putative insertion sequences 

were isolated from independent experiments; they were found through restriction 

mapping, hybridization, and sequencing to be identical. Additionally, the new element 

was homologous to, but larger than, a reference copy of RS-I, indicating that incomplete 

fragments of this transposable element could be present in the P. s. phaseolicola 

genome. From among the RS-I containing fragments of pMMC7105, a complete copy 
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of the element was identified (Romantschuk et al., 1991). The element was named 

IS80I. 

At the time of its discovery, searches of the Gen Bank, EMBL, and Swissprot 

databases failed to identify any other entries with sequence homology to 1S801. 1S801 

also appeared to be unusual in that its termini contained no repeats in direct or inverted 

orientation. In one of the three cloned copies of 1S801, the apparent target sequence was 

imperfectly duplicated. This observation was inconsistent with models that postulate 

repair of single-stranded regions generated by staggered cleavage of target sequences. 

The uniqueness of 1S801, its potential contribution to the genetic variability of 

Pseudomonas species, and the scarcity of information on transposable elements of 

phytopathogenic bacteria justified the further characterization of this element. The 

possibility of developing 1S801 derivatives for gene tagging, delivery, and other 

applications was also considered. The work described in this dissertation indicates that 

IS801 is significantly active in its hosts, and potentially useful as a tool for studies 

encompassing phytopathogen evolution, ecology, and molecular genetics. 
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CHAPTER II. INSERTION SPECIFICITY AND  
TRANS-ACTIVATION OF 1S801  

Introduction 

Insertion sequence (IS) elements and transposons, collectively known as 

transposable elements, are discrete genetic entities capable of autonomous mobilization, 

independent of homologous recombination mechanisms. In both prokaryotic and 

eukaryotic organisms, transposable elements are typically characterized by having either 

direct or inverted terminal repeats, and duplicating their target sites upon insertion. 

These features have been incorporated into general mechanistic models for transposition 

(Shapiro, 1979; Grindley and Sherratt, 1979; Arthur and Sherratt, 1979; Ohtsubo et al., 

1980). In recent years, however, a number of bona fide transposable elements have 

been identified that lack either or both of the hallmarks; they include Tn554 (Murphy 

and Lofdahl, 1984), Tn1545 (Caillaud and Courvalin, 1987), Tn916 (Caparon and Scott, 

1989), IS492 (Bartlett and Silverman, 1989), 1S801 (Romantschuk et al., 1991), IS91 

(Mendiola and de la Cruz, 1992), and IS200 (Bisercic and Ochman, 1993). 

IS801 is an element found in a number of different Pseudomonas syringae 

pathovars (Romantschuk et al., 1990). We have previously reported the sequence and 

structure of IS80I, which was isolated from P. syringae pathovar phaseolicola 

(Romantschuk et al., 1991). The preliminary data indicated that the element lacked 

terminal repeats, and that duplication of a target pentamer occurred upon transposition. 

In this study, we have demonstrated transposition of cloned copies of 1S801 in 

recombination-deficient (recA) Escherichia coli. We have also demonstrated the 

mobilization of an incomplete copy of IS80I, via complementation of functional 

determinants in trans. Sequence analysis of these additional transposition events shows 
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that 1S801 does not duplicate its target, but that the target sequences have partial 

homology to one terminus of the element. 

Materials and methods 

Strains, plasmids, and growth conditions. Strains and plasmids used in this study are 

listed in Table II. 1. All strains used to demonstrate transposition were recA E. coli. 

Plasmids were introduced into strains by calcium chloride-mediated transformation 

(Sambrook et al., 1989), and DH5a was used as the host for all cloning and propagation 

of plasmids. UB1637 (pSU2007) was a gift from F. de la Cruz. Cultures were grown at 

37°C, in liquid Luria-Bertani (LB) medium (Sambrook et al., 1989) or on agar-solidified 

LB, supplemented with antibiotics, as appropriate, at the following concentrations: 

ampicillin (Amp), 100 µg /m1; tetracycline (Tet), 12.5 µg /ml; kanamycin (Kan), 25 p, 

g/ml; chloramphenicol (Cam), 35 p.g /ml; nalidixic acid (Nal), 40 µg /ml; streptomycin 

(Str), 200 ig/ml. (The letters S and R as superscripts denote sensitivity and resistance, 

respectively, to antibiotics.) X-gal (5-bromo-4-chloro-3-indoly1-(3-D-galactoside) was 

added to plates to a final concentration of 40 gg/m1 to screen for lacZ function. 

Transcription from vector lac promoters was induced with 40 pt,M IPTG (isopropylthio-

0-galactoside) or 0.4% lactose, or repressed with 0.4% glucose. 

DNA manipulations and analysis. Plasmid and genomic DNA were isolated from E. 

coli cultures by standard procedures (Zhou et al., 1990; Ausubel et al., 1992). 

Restriction enzymes, T4 DNA ligase, and other DNA modifying enzymes were used as 

recommended by their suppliers. The promoterless chloramphenicol acetyltransferase 

(CAT) gene cartridge was obtained from Pharmacia Biotech (Piscataway, NJ). Digested 

DNA preparations were subjected to electrophoresis in agarose gels, denatured in 
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Table ILL Bacterial strains and plasmids. 

Strain or Plasmid 

Escherichia coli 
DH5a 

HB101N 

UB1637 

Plasmid 
pUC18, pUC19 

pRK415 

pOSU8Ola 

pOSU801b 

pLWA 

pLWB 

pSU2007 

pOSU8Oldcat 

pOSU18CN 

pOSU19CN 

Relevant Characters 

recAl, lacZ; general host for cloning 
and for a-complementation vectors 

recA13; spontaneous NalR derivative 
of HB101; mating recipient 

recA56, StrR; mating donor 

AmpR; a-complementation 
vectors, confer lacZ to DH5a; 
general cloning vectors 

TetR; cloning vector 

pUCD800:1S801 

pUCD800::IS801 

pUC19::IS801 

pUC19::IS801 

KanR, Tra+; derived from R388 

IS8014cat in pRK415; Cams 

1S801 ORFsa in pUC18 

1S801 ORFsa in pUC19 

Source or Reference 

Gibco BRL (Bethesda, MD) 

this study 

de la Cruz and Grinsted  
(1982)  

Gibco BRL (Bethesda, MD) 

Keen et al. (1988) 

Romantschuk et al. (1991) 

Romantschuk et al. (1991) 

this study, Fig. II.1 

this study, Fig. 11.1 

Martinez and de la Cruz 
(1988) 

this study, Fig. 11.2 

this study, Fig. 11.2 

this study, Fig. 11.2 

a ORFs: open reading frames 
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0.4N NaOH, and transferred to nylon membranes by a modification of the method of 

Southern (1975). DNA probes were labeled with a-32P-dCTP by the random priming 

method of Feinberg and Vogelstein (1983) with the Oligolabelling Kit from Pharmacia. 

Hybridizations were performed in either 50% formamide buffer at 42°C or aqueous 

buffer at 65°C. DNA fragments containing 1S801 insertion junctions were cloned into 

pUC or M13 vectors and sequenced using either pUC/M13 universal primers or primers 

complementary to 1S801 termini. Sequences were determined by the dideoxy method of 

Sanger et al. (1977) using either the Sequenase Version 2.0 Kit from United States 
35 

Biochemicals and S-dATP, or the Cycle Sequencing Kit from Pharmacia and 
33 

P-dATP. 

Bacterial matings. A modification of a procedure described by Mendiola et al. (1992) 

was employed. Donor and recipient strains were grown in liquid culture, with 

appropriate antibiotics, overnight to stationary phase. Cultures were then diluted 1:20 

into fresh liquid medium supplemented with antibiotics, and incubation was continued 

for 4 hours. Cells were pelleted, washed in fresh medium without antibiotics, and 

resuspended in 1/5 of the previous volume. Equal volumes (typically 50 gl) of donor 

and recipient strain suspensions were mixed and deposited onto 25mm circles of 

Gelman Metricel GN-6 (pore size 0.45 pm) or equivalent membrane, placed on well-

dried LB agar plates without antibiotics. Aliquots of donor and recipient suspensions 

alone were similarly deposited to obtain viable counts. Plates were incubated for 2 

hours at 370 C and then overnight at room temperature. Cells were rinsed from the 

membranes with 1 ml of LB broth or distilled water, diluted, and plated to select for 

transconjugants bearing the antibiotic resistance markers of the recipient strain (Na1R), 

the conjugative plasmid (Kann), and IS801Acat (CamR). 
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Results 

Transposition of 1S801 in E. coli. We previously reported the isolation of 1S801 from 

the genome of P. syringae pv. phaseolicola strain LR781 by entrapment into the sacB 

gene of pUCD800 (Romantschuk et al., 1991). The pUCD800-derived plasmids 

containing the transposed elements, designated pOSU80 la and pOSU801b, were used 

as donors for transpositions targeted to the lacZ gene of pUC19 (Vieira and Messing, 

1982). DH5a(pUC19) was transformed with pOSU8Ola or pOSU801b and plated onto 

solidified LB containing ampicillin, kanamycin, and X-gal. Blue lacZ colonies were 

randomly picked and grown overnight to stationary phase in liquid culture 

(approximately 25 generations) before plating again onto medium containing X-gal. 

Seven white or light blue colonies were screened; four of these were found to contain 

pUC19 derivatives with the lacZ gene interrupted by sequences homologous to 1S801, 

corresponding to a frequency of approximately 7 x 10-5. Two plasmids, designated 

pLWA and pLWB, had each gained about 1.5 kb in size, and the insertions were 

mapped to different sites within pUC19 (Figure 11.1). pLWA had 1S801 inserted near 

the lac operator region, between nucleotides 519 and 520 of pUC19 (Yanisch-Perron et 

al., 1985), while in pLWB the element was found within the multiple cloning site of the 

vector, between nucleotides 445 and 446. Both insertions were in the same orientation 

relative to the sequence of pUC19. The insertion of 1S801 within pLWA does not 

completely eliminate lacZ expression. Colonies containing pLWA are light blue on 

plates containing X-gal and IPTG, whereas repression of the lac promoter by addition of 

glucose to 0.4% results in white colonies. 

Given the visible phenotypes associated with the status of the lacZ gene in 

pUC19 and pLWB, we were able to ask whether 1S801 would excise precisely (or 

nearly so) to restore the integrity of the target site, and of lacZ function. DH5a (pLWB) 

was grown to stationary phase in liquid culture, and plated on solid medium containing 
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IS801+  

4V0 425 450  

GAATT CGAGCTCGGT ACCCGGGGAT CCTCTAGAGT CGACCTGCAG GCAT AAGC TTGGCGTAAT CATGGTCATA L----I II I___J 1_____I L______J I_ __I I______I I____I 
EcoRI SstI KpnI I I BarnHI XbaI Sail PstI SphI HindIll lacZ a-peptide 
Apol BanII Smal AccI 

XmaI 

IS801 

475 50p 525  

GCTGTTTCCT GTGTGAAATT GTTATCCGCT CACAA'TTCCA CACAACATAC GAGC&GAAG CATAAAGTGT  
operator  

Figure II.1. Nucleotide sequence of multiple cloning site and lac promoter/ 
operator region of pUC19, and locations of 1S801 insertions. The derivative of 
pUC19 with a copy of IS801 inserted upstream of the operator was designated pLWA; 
the derivative with the insertion in the Sphl site was designated pLWB. Numbers above 
nucleotides denote sequence numbering of pUC19 according to Yanisch-Perron et al. 
(1985). 

I 
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IPTG and X-gal. As a reference, the limit of detection of blue colonies among white 

colonies was determined by plating mixtures of known numbers of lacr and lacZ 

colony forming units (cfu); 50 lacZ cfu could be detected among 3 x 105 lact. cfu, but 

not among 3 x 106 lacZ cfu. No blue-colored revertant colonies were detected at any 

dilution of the DH5a (pLWB) culture; hence, it must be concluded that IS801 does not 

excise precisely from sites at a frequency greater than approximately 3 x 10-6 (assuming 

that one blue colony would be discernible in 3 x 105 white colonies). 

Trans-activation of IS801: construction of trans-acting plasmids. In order to test the 

ability of 1S801 to be mobilized in trans, the putative transposase gene was uncoupled 

from the terminal sequences of 1S801 upon which the transposase presumably acts. A 

fragment of 1S801 extending from the Clal site near the left end to the inner Nsil site 

near the right end encompasses two large open reading frames (ORFs), one on each 

strand (Romantschuk et al., 1991; Figure 11.2). ORF1 is presumed to encode the 

transposase activity, by virtue of its homology to the transposase-encoding gene of IS91 

(Mendiola et al., 1992). The function of ORF2 is unknown. 

Plasmids used in the trans-activation experiments were constructed as shown in 

Figure II.2. pOSU18CN and pOSU19CN, containing the putative 1S801 transposase 

gene but lacking the termini of the element, were constructed by cloning the Clal-Nsil 

fragment of 1S801 into the polylinker regions of pUC18 and pUC19. To monitor trans-

activated mobilization, a selectable derivative of IS801 was constructed in the vector 

pRK415 (Keen et al., 1988) by deleting a central portion of the element and inserting a 

promoterless CAT cartridge. These manipulations removed all of ORF2 and most of 

ORF1. E. coli DH5a transformed with the plasmid designated pOSU8Ol4cat (Figure 

11.2.B), which has the CAT cartridge in the anti-sense orientation with respect to the lac 

promoter of pRK415, remained sensitive to chloramphenicol, whereas the plasmid with 

CAT in the sense orientation (pOSU8114cat, not shown) conferred chloramphenicol 
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Cla I Xho I Pvull Bal I Bal I Bal I Avr II (2x)Nsi I 
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"4111111En"""' ORF 2 

B. 

CAT 

FIG. 11.2. Components of an 1S801 trans-activation assay. A. Partial restriction 
map, and major open reading frames (ORFs) of IS801. ORF1 is referred to as ORF410 
by Mendiola et al. (1992). B. Construction of plasmid components of the assay. The 
region between the single Pvull site and the outermost Ball site was deleted from IS801, 
to remove all of ORF2 and most of ORF1. A promoterless chloramphenicol 
acetyltransferase (CAT) gene cartridge was then inserted into the Xhol site of the IS801 
deletion derivative; products with the CAT cartridge in both orientations were 
recovered. The fragments containing the CAT cartridge embedded in either orientation 
within the ends of IS801 were isolated and ligated into the polylinker region of the 
vector pRK415 (Keen et al., 1988). The resulting plasmids were designated 
pOSU801Acat, and pOSU811Acat (not shown). Induction of the lac promoter results in 
conferral of chloramphenicol resistance by pOSU811dcat but not by pOSU80 1 dcat. 
The 1423 by ClaI-Nsil fragment of IS801 was cloned between the Pstl and Smal sites of 
the vectors pUC18 and pUC19 (Vieira and Messing, 1982), with Klenow enzyme used 
to fill in the one-nucleotide gap between the Clal and Smal termini. Restriction site 
abbreviations: C, Clal; X, Xhol; S, Sall; P, Pvull; B, Ball; N, Nsil. 
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resistance. Repression of the lac promoter with 0.4% glucose reduced chloramphenicol 

resistance from pOSU811Acat, showing that transcription of the CAT gene was 

dependent on the lac promoter; however, low-level expression from an unidentified 

weak IS801 promoter cannot be ruled out. Whether the cloned ORF fragment in 

pOSU18CN and pOSU19CN carries its own promoters, and whether such promoters 

would be recognized by the transcriptional machinery of E. coli, is not known. 

Expression of the CAT gene in pOSU8114cat shows that there is no transcriptional 

terminator in the first 200 by of 1S801. Taken together with the partial lacZ expression 

from pLWA, these observations indicate that transcription can proceed from an external 

promoter through the entire element, and that 1S801 does not contain any strong 

terminators of E.coli transcription. Thus, pOSU8014cat was suitable for detecting 

transpositions of the modified element that would result in the expression of the 

chloramphenicol resistance gene. 

Parental strains with the plasmid complements shown in Table 11.2 were 

generated by transformation of DH5a. During short-term storage, colonies of the 

parental strains were maintained on agar medium containing ampicillin and tetracycline, 

and supplemented with 0.4% glucose to repress transcription from the lac promoters on 

the plasmids. Colonies of Cams parental strains were used to start liquid cultures in LB 

supplemented with 0.4% lactose or 0.4% glucose, and appropriate antibiotics. The 

cultures were grown to stationary phase overnight, and then plated onto medium 

containing chloramphenicol. The average frequencies of CamR derivatives arising from 

each parental genotype, shown in Table 11.2, were derived from replicates within 

experiments as well as from independent experiments. 
R 

Cam colonies randomly selected from each culture (except GR41; see Table 

11.2, footnote b) were purified and retested for antibiotic resistance, and total genomic 

DNA was prepared from them. A Southern blot of Hind H1-digested genomic DNA was 



42 

Table 11.2. Frequencies of CamR colonies generated from a trans-activation system 
for 1S801. All strains were derived by transformation of DH5a with the indicated 
plasmids. Frequencies were obtained as an average from at least 4 replicates or 
independent trials for each parental type. 

Strain Description Frequency of CamR 
progeny designation ( x 104) 

GR35 DH5a (pOSU801Acat + pOSU18CN)	 La: 2.0  
Ga: 4.6  

GR37 DH5a (pOSU8014cat + pOSU19CN)	 L: 8.4 
G: 17.1 

GR39 DH5a (pOSU801.dcat + pUC19)	 L: 1.0 
G: 1.3 

GR40 DH5a (pOSU8012icat)	 1.8 

GR41b DH5a (pOSU801 /kat + pLWB)	 22 

a L: indicates frequency arising from cultures grown in lactose- or IPTG-supplemented LB. 
G: indicates frequency arising from cultures grown in glucose-supplemented LB.  
GR40 and GR41 were grown without supplementation.  

b The frequency of CamR colonies generated by this strain was determined without further 
examination of the genetic content of the CamR derivatives by restriction and hybridization 
analysis. 
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hybridized to a probe made from the promoterless CAT cartridge. In some of the DNA 

of derivatives of GR35 and GR37, fragment size and hybridization intensity of certain 

bands indicated that they bore insertions of IS8014cat in pOSU18CN and pOSU19CN 

(Figure II.3), and restriction analysis of DNA isolated from these bands confirmed this. 

Nucleotide sequencing showed that in two of the CamR isolates derived from GR35, 

IS8014cat was inserted between nucleotides 1419 and 1420 of the pUC sequence 

(Yanisch-Perron et al., 1985). In one isolate derived from GR37, the insertion occurred 

between pUC nucleotides 1241 and 1242. The two apparently identical, IS8014cat-

containing plasmids from the progeny of GR35, were designated pOSU801c, and the 

plasmid from the progeny of GR37 was designated pOSU801d. The two isolates of 

pOSU801c are believed to have arisen from independent transposition events, since they 

were derived from two different Cams transformants representing the GR35 parental 

type. 

When E. coli DH5a, cells were transformed with pOSU801c and pOSU801d, 

and selected for ampicillin resistance, mixtures of Cams and CamR transformants were 

obtained. The restriction fragment profiles of plasmids from both Cams and CamR 

transformants were identical to those of the originally isolated plasmids pOSU801c and 

pOSU801d, indicating that resistance to chloramphenicol is determined by factors other 

than the presence of IS801Acat on these plasmids (see Discussion). 

The control strains GR39 and GR40, which contained IS8014cat but lacked the 

transposase gene, generated CamR strains at a low frequency (ca. 1-2 x le). Among 

the CamR progeny of these strains, approximately one quarter showed no discernible 

changes in the parental plasmids when digested with various restriction enzymes, while 

approximately three fourths of those screened had non-IS801 insertions of 700-1300 by 

into pOSU8014cat that were presumed to have supplied the CAT gene with a promoter 

(data not shown). Plasmids with such insertions were recovered from CamR 
progeny of 
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Figure 11.3. Analysis of CamR strains generated by transposition of IS8014cat. 
A. Plasmid DNA of Cams parental strains, or genomic DNA of their CamR progeny, 
were digested with Hind EEL Lanes 1 and 8, GR35; lanes 2-7 and 9-12, CamR progeny of 
GR35; lanes 13 and 16, GR37; lanes 14-15 and 17-18, CamR progeny of GR37; lanes 19 
and 21, GR39; lanes 20 and 22, CamR progeny of GR39; lane 23, GR40; lane 24, CamR 
derivative of GR40; lane 25, pOSU801 dcat; lane 26, pOSU19CN; lane 27, pUC19; lane 
28, 1 kb ladder. B. Autoradiogram of Southern blot of gel shown in panel A, probed 
with the CAT gene cartridge. The strongly hybridizing bands in lanes 4, 5, and 11 were 
isolated and found to be the plasmids pOSU801c and pOSU8Old (see text). 
C. Representation of transposition events leading to CamR derivatives from Cams 
strains. 
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several independent cultures of GR39 and GR40, as well as of GR 35 and 37, and may 

represent E. coli transposable elements. Thus, in the control strains, resistance to 

chloramphenicol was generated mostly by non-IS801-related plasmid mutations. In no 

case did we detect, by hybridization, IS801Acat in the chromosomal DNA. 

Mating-out selection of transpositions. The isolation of pOSU801c and pOSU8Old 

allowed a comparison of the transposition efficiency of these constructs, having 

IS801Acat and the transposase gene present on the same plasmid, with the binary 

plasmid trans-activation system. Because pOSU801c and pOSU8Old give variable 

frequencies of CamR transformants, and secondary screening is required to verify 

transposition events among the CamR derivatives, we chose to target IS801Acat 

insertions into a conjugative plasmid that would allow a more specific identification of 

insertion events. pOSU801c was introduced into E. coli strain UB1637 containing 

pSU2007, a derivative of the conjugative plasmid R388 that contains a kanamycin 

resistance gene. After allowing time for transposition to occur (overnight growth), 

pSU2007 and its derivatives were transferred to a Na1R derivative of E. coli HB101 via 

conjugation (Figure 11.4). 

An estimate of the frequency of transposition into the target plasmid was 

obtained as the number of Na1R KanR CamR transconjugants divided by the number of 

Na1R KanR transconjugants. Twenty-five Na1R KanR CamR transconjugants, 

representing a frequency of 6 x le per Na1R KanR transconjugant, were obtained. With 

only one exception, all transconjugants were Amps, suggesting that the resistance to 

chloramphenicol was not due to transfer of pOSU801c itself. This was confirmed by 

restriction and hybridization analysis of the plasmid DNA extracted from the CamR 

derivatives. Each Amps CamR colony contained a single plasmid derived from 

pSU2007 by a size increase in a single AvaI restriction fragment (Figure 11.5, lanes 2-5). 

The plasmid in the AmpR CamR colony was a pSU2007 derivative that had acquired 
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mini-801 (CamR) 

UB1637 

+ conjugation 

Figure 11.4. Representation of procedure for detecting and isolating insertions of 
IS8014cat on the target plasmid pSU2007. 
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Figure 11.5. Analysis of CamR transconjugants obtained in a mating assay to 
detect transpositions of IS8014cat into pSU2007. Plasmids were extracted from 
CamR transconjugants and digested with AvaI, which cleaves pSU2007 at 15 sites and 
generates a distinct pattern of fragments, but does not cut within IS8014cat. 
A. Agarose gel electrophoresis of AvaI digests of pSU2007 and derivatives . Lane 1, 
pSU2007; lanes 2-6, plasmids extracted from CamR transconjugants; lane 7, plasmid 
derived by propagation of the transconjugant represented in lane 6; lane 8, 1 kb DNA 
ladder. B. Autoradiogram of a Southern blot of the gel, probed with 1S801. The 
hybridization of one band in each of lanes 2-5 indicates a simple insertion of IS801Acat 
into pSU2007, while the hybridization of three bands in lane 6 is consistent with the 
transfer of additional regions of pOSU801c, the plasmid bearing the donor copy of 
IS801Acat (see Figure 11.4), including the IS801 ORFs. The additional band in lane 7 
may represent a second insertion of IS801Acat. 
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IS8014cat as well as additional regions of pOSU801c (Figure II.5, lane 6). Restriction 

fragments containing IS801Acat were isolated from six of the pSU2007 derivatives, 

subcloned into pUC18 or pUC19, and sequenced. 

The aligned sequences of 1S801 junctions from 13 insertions obtained in this and 

a previous investigation (Romantschuk et al., 1991; Appendix A) are presented in 

Figure II.6. The precise termini of IS801 were defined by the perfectly conserved 

terminal sequences common to all insertions. None of the copies of 1S801 (or mini-

elements derived from it) isolated in this study was flanked by duplications. The 

alignment showed that the apparent duplications seen with pOSU801a, pOSU801b, and 

B14H in the previous study arose from insertion of IS801 into a target with homology to 

terminal nucleotides of the element. A consensus, G/C-A/G-A-C/G, was seen in the 

tetramers immediately to the right of the 13 insertions, and this consensus has partial 

homology to the tetramer at the left terminus of the element (GAAC). 

Discussion 

In this study, insertion element 1S801 isolated from P. syringae pv. phaseolicola 

was observed to transpose efficiently in a heterologous host, E. coli. We also present 

evidence for activity of the 1S801 transposase when expressed in trans; we have 

observed mobilization of an internally substituted, "disarmed" element by transposase 

supplied from another replicon. Transposase activity was expressed from a fragment of 

1S801 that lacks the element's termini, indicating that the terminal deleted sequences are 

not absolutely required in cis for expression of the putative transposase protein. The 

modified element, IS8014cat, was designed as a "promoter probe" that would indicate 

insertions into new sites where a promoterless antibiotic resistance gene could be 

expressed, and new copies of IS801Acat were detected in a fraction of colonies selected 
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Plasmid Target Area 

IS801 
pOSU80la AGTAACAGATGAAATTGAACAGGGC-----TGCATGAACGCGCGAACGTCTTTAA 
B14H TGAAATTCCTATGCATGAACAGGGC TGCATGAACGTGTCGCCGTAATGCA 
pOSU801b AGATATTTTTAATTGTGAACAGGGC TGCATGGACGAATCGAATTCAGGAA 
pLWA AATTCCACACAACATAGAACAGGGC TGCATCGAGCCGGAACCATAAAGTG 
pLWB TCGACCTGCAGGCATGGAACAGGGC TGCATCAAGCTTGGCGTAATCATGG 
pOSU801c AACAGGATTAGCAGAGGAACAGGGC TGCATCGAGGTATGTAGGCGGTGCT 
pOSU8Old TGGTTTTTTTGTTTGGGAACAGGGC TGCATCAAGCAGCAGATTACGCGCA 
pSU2007-7 AAATCGAACAGGGC TGCATGAACTCT 
pSU2007-8 TTTCTGCGAACAGGGC TGCATGGACTGG 
pSU2007-12 GCCCACTGGAACAGGGC TGCATCAAGCTACC 
pSU2007-13 TTGACAAAAAGAACAGGGC TGCATGAACCGGGCGCCCC 
pSU2007-15 TTGGCGGGAACAGGGC TGCATCAAGAAAGCCATCCA 
pSU2007-17 TTGCTTCGGGAACAGGGC TGCATCAAGCTGCTGG 

Consensus: GAAC 
CG G 

Figure 11.6. 1S801 insertions and flanking sequences. Terminal sequences of 1S801 
are aligned within the gray box. The underlined tetramers to the right of the boxed 
1S801 sequences have limited homology to the left-terminal tetramer of the element 
(GAAC), and to each other. 
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for resistance to chloramphenicol. 

Interestingly, the insertions of IS8014cat into pOSU18CN and pOSU19CN did 

not place the CAT gene downstream of any obvious promoter-containing regions of the 

respective vectors, although the end of the ampicillin resistance gene in each plasmid is 

approximately 385 by and 200 by upstream of 1S8014cat in pOSU801c and pOSU801d, 

respectively, providing a possible source of readthrough transcription. Resistance to 

chloramphenicol is not conferred by pOSU801c and pOSU801d, per se, and it is 

possible that the placement of IS801Acat in cis to the ORFs of IS801, in these plasmids, 

resulted in an enhanced frequency of transposition, with subsequent transpositions into 

the chromosome conferring the CamR phenotype. Such secondary transposition events 

have not as yet been confirmed. Alternatively, point mutations in or around the 

transposed IS8014cat may modulate expression of the CAT gene in individual plasmid 

copies. In either case, the changes leading to the new phenotype would be undetectable 

by restriction analysis of the plasmids alone. 

The frequencies of 1S801 transposition in three different assays are comparable 

among themselves, and within the range of frequencies observed for many bacterial 

insertion sequences (Lida et al., 1983). Variations in observed insertion frequencies are 

to be expected with different assays, as each assay is biased toward detection of certain 

types of insertions. Namely, the lac- screening that yielded pLWA and pLWB only 

accounts for insertions into a small region of a target plasmid, pUC19, and fails to 

detect insertions anywhere else in the plasmid. Selection for chloramphenicol resistance 

in the binary plasmid assay and mating assay is contingent upon insertion of the 

modified element into a transcribed region. The mating assay is also limited to 

detecting transpositions to the target plasmid, and then only those that do not inactivate 

the large conjugal transfer region, the kanamycin resistance gene, and the origin of 

replication. Moreover, a percentage of transposition events may never be detected 
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because they are lethal to host cells. True transposition rates are therefore 

underestimated to some extent, depending on the bias of a particular assay. 

It is not surprising to see a relatively small difference (less than one order of 

magnitude) in transposition frequencies between the ORF-expressing, and -non-

expressing constructs. Transposable elements are believed, in general, to be highly 

regulated to minimize their potentially deleterious effects on their hosts (Ajioka and 

Hard, 1989). Mechanisms of autorepression have been determined for IS10/Tn10 

(Kleckner, 1989) and IS50/Tn5 (Wiegand and Reznikoff, 1992), and involve trans-

acting RNA or protein repressors that inhibit expression when elements are present in 

high copy numbers. It is conceivable, therefore, that a high level of 1S801 transposition 

is not observed, even under induced conditions, because of inhibition by a product 

transcribed or translated from pOSU8014cat, pOSU18CN, or pOSU19CN. Transcripts 

from one strand of the ORF region might be anti-sense regulators of the transposase-

encoding messages. Alternatively, a putative hybrid protein, translated from 

pOSU8014cat and having the same amino terminus as the 1S801 transposase, may bind 

unproductively to the 1S801 sequences on IS8014cat and prevent mobilization of the 

disarmed element. If the hybrid protein molecules interact with IS8014cat immediately 

after being translated, they may compete effectively, even at relatively low 

concentrations, with the functional transposase molecules expressed from another 

plasmid (i.e. pOSU18CN or pOSU19CN). 

The apparent proficiency of transposition with both orientations of the putative 

transposase gene next to the inducible lac promoter, and the higher frequency observed 

with pOSU19CN (Table II.2), was unexpected. Based on a sequence comparison 

between 1S801 and a related element, IS91 (Mendiola et al., 1992), it is believed that the 

transposase activity is encoded within ORF1 of 1S801 (nucleotides 101-1330). 

However, in independent studies we have observed a strong promoter activity from the 
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conventional "left" side of the polylinker region of plasmids pUC18/19. Indeed, when 

IS801Acat is oriented in pUC18 with the 3'end of the CAT gene facing the lac 

promoter, resistance to chloramphenicol is expressed. In pOSU801Acat,IS801.6cat and 

the lac promoter are identically oriented with respect to each other (Figure 11.2.B.), but 

chloramphenicol resistance is not expressed. Both the promoterless CAT cartridge and 

a promoterless inaZ (ice nucleation active) gene (Loper and Lindow, 1994) are 

expressed when cloned in either orientation in the polylinker region of pUC19, and 

transcription from this putative promoter is partially repressed by induction of the 

oppositely oriented lac promoter. Thus, we believe that both open reading frames were 

expressed, at least to some extent, from both pOSU18CN and pOSU19CN. 

We also report new information regarding the target specificity of IS801. 

Previous results, based on three insertions of the element (Romantschuk et al., 1991), 

suggested that this element had an unusually high sequence selectivity and generated a 

target duplication. Data compiled from copies of the element in thirteen different 

locations indicate that 1S801 has a moderate specificity and inserts without duplication. 

The target regions sequenced revealed a consensus, G/C-A/G-A-C/G, located next to the 

right terminus of IS801 after transposition. This consensus sequence resembles the 

terminal tetramer (GAAC) of the opposite end of IS801. No other homologies were 

observed in the regions immediately surrounding the targets. 

We are interested in ascertaining the functional relatedness of 1S801 to the 

E. coli transposable elements IS91 and 1S1294, the only two insertion sequences known 

to have significant sequence homology with 1S801. The three elements are strikingly 

similar in their target selectivities. 1591 and IS1294 are highly specific for two 

alternative sequences, GAAC and CAAG. IS1294 is bracketed by direct repeats of the 

target tetramer, but one of the copies is believed to be derived from the element itself 

(P. Bennett, personal communication). IS91 does not duplicates its targets (Mendiola 
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and de la Cruz, 1989), and we have confirmed by our analysis of insertions that this is 

the case with 1S801 as well. The 1S801 targets that we have identified are homologous 

to those of IS91 and IS1294, but slightly more degenerate. Each of the 1S801 targets 

differs from one of the IS91/IS1294 targets by only one nucleotide; moreover, the first 

and fourth nucleotide of the 1S801 target were never the same, in our observations, and 

thus only the second position of the tetramer appears to be more relaxed than that of the 

IS91/IS1294 target. Like most transposable elements, the termini of IS91 containa 

short inverted repeat (Mendiola et al., 1992). 1S801 possesses this sequence at one 

terminus, but not at the other, and therefore does not have the classic appearance of an 

insertion sequence; however, there are short, highly conserved sequences that are found 

in subterminal regions of all three elements (Mendiola et al., 1992; P. Bennett, personal 

communication). 1S801 is also smaller than IS91 (1830 bp), and 1S1294 (1688 bp; 

P. Bennett, personal communication). 

These observations suggest that 1S801 may have arisen through a modification 

of the left terminus of IS91, and that the transposase of 1S801 has since evolved 

specificity for its own termini and a relaxed target selectivity. That terminal deletions of 

IS91 do affect the specificity of its transposase was recently demonstrated (Mendiola et 

al., 1994). Mutations of the right end of IS91 abolish transposition, but deletions of the 

left end cause the element to cointegrate part or all of its donor molecule to its target. 

Mendiola et al. have proposed a rolling-circle mechanism for the mobilization of IS91, 

in which the right terminus is the leading end of a directional insertion of the element 

into the cleaved target site. They hypothesize that when the correct left terminus is 

unavailable, the transposase recognizes and cleaves the donor molecule at a different 

copy of either of the tetramers GAAC or CAAG. This interpretation implies two 

distinct endonuclease specificities of the IS91 transposase: one for recognition and 

cleavage on the 5' side of the two possible target tetramers, and another for recognition 
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of the left terminus of the element as the signal for termination of transfer from the 

donor site. The first activity can therefore compensate to complete pseudo-

transpositions when the signal for the second activity is absent. Consistent with this 

model, the ultimate tetramer of the left-hand terminus of 1S801 is GAAC (Figure II.6). 

When IS91 is dissociated from the target tetramer flanking its right end, and cloned into 

another site, transposition is also disabled, suggesting that the tetramer is also 

recognized by the first activity as the origin of transfer for the element. However, 

inactivation of the element by mutations of the right terminus shows that the tetramer 

alone is not sufficient to serve as a signal for initiation of transposition. 

Taking these common features together it is clear that 1S801, IS91, and IS1294 

are evolutionarily related, with 1S801 perhaps being a derivative of IS91 that retained 

(or evolved) function even after a sequence divergence of one terminus. It would be 

interesting to investigate the abilities of the elements to complement each other, and the 

behavior of 1S801 mutants with terminal deletions. 1S801, IS91, and 1S1294 possess 

conserved amino acid motifs found in a family of rolling-circle-replication proteins of 

the pUB110 family of plasmids of Gram-positive bacteria, as well as in nickases and 

topoisomerases (Mendiola and de la Cruz, 1992; P. Bennett, personal communication; 

Appendix C). The putative functional similarity between rolling-circle-replication 

proteins and the transposases of 1S801 and IS91 is intriguing and suggests an 

evolutionary origin as well as a possibly novel transposition mechanism. 
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CHAPTER III. PRELIMINARY EVIDENCE FOR ISOFUNCTIONALITY  

BETWEEN 1S801 AND IS91  

Introduction 

Transposable elements are important agents of genetic variability and plasticity. 

They promote rearrangements within genomes and mutations that generate new alleles 

and phenotypes, providing the genetic raw material for evolution. They move as 

discrete units to specific or non-specific targets, and as such have been utilized to induce 

insertion mutations, or to mobilize genetic sequences into or within genomes. 

Transposable elements have been particularly useful for generating tagged mutants of 

genes whose functions have not been identified, and thus have facilitated the cloning of 

such genes (reviewed by Mills, 1985). 

The effective use of a transposable element in applications such as mutagenesis 

and gene delivery requires some understanding of its behavior and regulation. The 

specificity or randomness of target selection, the frequency of transposition, and the cis-

and trans- requirements for transposition determine, for example, whether insertions 

into a target (replicon or genome) will be unique or multi-copy, and stable or prone to 

reversion, and different applications may require different characteristics. 

1S801 is an insertion sequence that was originally discovered in Pseudomonas 

syringae pathovar phaseolicola, a bacterial pathogen of beans. It is somewhat unusual 

among transposable elements in that it lacks symmetrical termini and does not generate 

target duplications (Romantschuk et al., 1991; Chapter II, this volume). It has 

substantial sequence homology to only two other known elements, IS91 (Mendiola et 

al., 1992) and ISI294 (Tavakoli, 1994), both found in Escherichia coli. 1S801 

transposes in E. coli and a modified, selectable 1S801 derivative has been mobilized in 
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trans (Chapter II, this volume). Of interest is the extent of isofunctionality between 

1S801 and IS91, its putative progenitor. The two elements are clearly related but differ 

in sequence and structure. Unlike 1S801, 1S91 possesses inverted repeats at its termini 

(Mendiola et al., 1992), but like 1S801 it does not duplicate its targets (Mendiola and de 

la Cruz, 1989). We have mutated 1S801 to analyze the roles of its termini, and to test a 

possible model of transposition that has been proposed for IS91. We report that IS91 

transposase can trans-activate a disarmed 1S801 derivative, even though the termini of 

IS801 are structurally distinct from those of IS91. 

Materials and Methods 

Bacterial strains and plasmids. Strains and plasmids used in this study are shown in 

Table I11.1. E. call strains were routinely cultured at 37° C, either in liquid Luria-Bertani 

medium (LB), or on agar-solidified LB. Antibiotics were added to media at the 

following concentrations: ampicillin (Amp), 100 µg/m1; kanamycin (Kan), 251.tg/m1; 

nalidixic acid (Nal), 401.1g/m1; sulfathiazole (Sulf), 400 µg/ml; streptomycin (Str), 200 

µg/ml. The letters S and R as superscripts denote sensitivity and resistance, 

respectively, to antibiotics. Strain UB1637 and plasmids R388 and pSU234 were gifts 

from F. de la Cruz. 

DNA manipulations and analysis. DNA transformation, isolation, restriction, 

modification, and other cloning manipulations were performed according to standard 

procedures and suppliers' recommendations (Sambrook et al., 1989). The kanamycin 

resistance gene cassette (Kann GenBlock) was purchased from PharmaciaBiotech 

(Piscataway, NJ). Digested DNA was analyzed by electrophoresis through agarose gels 

in 0.5X TBE (Sambrook et al., 1989), Southern blotting (Southern, 1975) to nylon 

membranes, and hybridization to 32P-labelled probes, prepared by the random priming 
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Table MA. Bacterial strains and plasmids. 

Strain or Plasmid 

Escherichia coli 
LTB1637 

HB101N 

Plasmid 
pUC19 

pLWB 

pLWAKA 

pORFAKA 

pIS91AKA 

pLWAKAC 

pLWAKAN 

R388 

Relevant Characters 

recA56, StrR; mating donor 

recA13; spontaneous Na1R derivative 
of HB101; mating recipient 

Amp R; general cloning vector 

pUC19::IS801 

pUC19 containing IS8Oldkan 

pUC19 containing IS801.6kan  
and ORFs of IS801  

pUC19 containing IS801Alcan 
and IS9/ 

pLWAKA with deletion of left 
terminus of 1S801 

pLWAKA with deletion of right  
terminus of 1S801  

Tre Su lf R; target for IS801 Akan 
insertions 

Source or Reference 

de la Cruz and Grinsted  
(1982)  

Chapter II, this volume  

Gibco BRL (Bethesda, MD) 

Chapter II, this volume 

this study, Fig. 111.1 

this study, Fig. MA 

this study, Fig. 111.1 

this study, Fig. II1.2 

this study, Fig. 111.2 

Avila and de la Cruz (1988) 
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method of Feinberg and Vogelstein (1983) with the Oligolabelling Kit from Pharmacia 

or the DECAprimen Kit from Ambion (Austin, TX). 

Bacterial matings. Bacterial matings were performed as described previously (Chapter 

II, this volume). 

Results 

Previously, we reported the construction and trans-activation of IS801Acat, a 

non-autonomous, selectable "mini-transposon" derivative of 15801 (Chapter II, this 

volume). IS801Acat was constructed by deleting an internal fragment of IS801, 

including part of the putative transposase gene, and inserting a promoterless CAT 

cartridge. In its position on a designated donor plasmid, IS8014cat did not express 

chloramphenicol resistance, but mobilization to certain targets activated the 

promoterless gene, giving a phenotypic marker for transposition. A limitation of this 

assay for trans-activation was the requirement that the element insert into a transcribed 

target region, and in the correct orientation, in order for a transposition to be detected. 

We constructed a new mini-transposon to avoid this bias, and at the same time provide a 

better comparison of transposition frequencies for 1S801 and 1S91. Trans-mobilization 

of an IS91 derivative, containing a kanamycin gene for selection, has been reported 

(Diaz-Aroca et al., 1984). A similar derivative of IS801 was constructed as shown in 

Figure HU. The mini-element thus constructed is designated IS801 Akan, while the 

plasmid on which it resides is referred to as pLWAKA. Fragments containing the 

transposase gene of either 1S801 or IS91 were then cloned into the multiple cloning site 

of the vector to generate the other constructs shown in Figure HU. To analyze the roles 

of the terminal regions of 1S801 in transposition, the deletion derivatives of IS801Akan 

shown in Figure I1.2 were constructed. 



61 

0 200 400 600 800 1000 1200 1400 1500 by 
Ill ill 1111 lllllllllll 1111111 III  llllllll ll 11111111111111111 tllllllll llllllill llllll 111111111111111 illl 111111 llllllllll l lllill  

Gal Xho I Pv1 tAl Nae I Bal I Bal I Bel I AI I (2x)Nsi I 

Pq11-1 I I 1S801 I 
I pLWA

1111111 

Xho I 

pLWANBA 

IS801A K 
1 

tMCSiIh KAN pLWAKA
I 

ORF 1 I KAN pORFAKA 

KAN p91AKA 

Figure III.1. Construction of an IS801 -based selectable element and plasmids for 
trans-activated mobilization. pLWA, a derivative of pUC19 bearing a simple 
insertion of IS801 in the lac promoter of the vector (Chapter II, this volume), was 
modified by deleting an internal region of IS801 extending from an Mad site to a Ball 
site (pLWANBA), and inserting a Sall kanamycin cassette into the XhoI site of the 
element (pLWAKA). A fragment containing the putative transposase gene for IS801 
(ORF1, Figure H.1.A, this volume) or an intact copy of IS91, as an Xhol-EcoRI 
fragment of pSU234 (Diaz-Aroca et al., 1984), was then cloned into the multiple 
cloning site (MCS) of the vector, pUC19. 
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Figure 111.2. Construction of deletion derivatives of IS801 Akan. To make the right 
terminal deletion, pLWANBA was digested with NsiI and religated; exclusion of the 24 
base pair fragment (indicated by the symbol A) was confirmed by the loss of an ApoI 
site that lies within it. The last base pair of IS801, as established in Chapter II of this 
volume, is within the right NsiI site (ATGCAT), and therefore the deletion of this small 
fragment was equivalent to removing the last 24 base pairs of the right end of the 
element. The kanamycin resistance cassette and ORF1 fragment were then ligated to 
the plasmid, as they were to construct pLWAKA and pORFAKA. To generate the left 
terminal deletion derivative, pLWANBA (Figure 111.1) was first digested with ClaI and 
AccI, which generate compatible cohesive ends. The resulting three fragments were 
separated by gel electrophoresis. The fragment between the ClaI site of IS 801 and the 
AccI site of the pUC19 multiple cloning site (indicated by the symbol A) was excluded 
from a ligation reaction containing the other two fragments that had been recovered 
from the gel, and ligation products were screened for the desired configuration. The 
kanamycin cassette and ORF1 fragment were then inserted into the appropriate regions. 
Restriction site abbreviations: Ac, AccI; Av, AvaI; C, ClaI; N, NsiI. 
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The plasmids to be tested for transposition activity were introduced into 

UB1637(R388) by transformation. To detect transpositions of IS8014kan into R388, 

the mating-out assay (Chapter II, this volume) was employed. The donor strains, i.e. the 

derivatives of UB1637(R388) transformed with constructed plasmids, were mated to a 

recipient strain after allowing time for transposition, and mating mixtures were plated 

on solid medium containing nalidixic acid, sulfathiazole, and kanamycin to isolate 

transconjugants containing putative transposition products, and on medium containing 

nalidixic acid and sulfathiazole to assess the efficiency of conjugation. Transposition 

frequencies were estimated by dividing the number of Na1R Sulf R KanR transconjugants 

by the number of Na1R Su lf R transconjugants in each mating mixture. 

Na1R Sulf R KanR colonies were obtained only in the mating with the donor strain 

containing p91AKA, at a frequency of approximately 3 x 10-4 per Na1R Su lf R 

transconjugant. With all other donors, including the strain containing pORFAKA, no 

KanR transconjugants were obtained, even though normal rates of R388 transfer were 

indicated by the numbers of Na1R Su lf R transconjugants obtained (5 50 x 107 per ml of 

mating mixture). 

Twelve transconjugants were picked randomly from the p91AKA mating, and all 

were found to be Amps, indicating that their resistance to kanamycin was not due to 

transfer of p91AKA itself. Plasmid DNA was isolated from the transconjugants, and 

analyzed for insertions of IS801Akan into R388. Each transconjugant possessed a 

derivative of R388 which upon digestion revealed a 1150 by ClaI restriction fragment 

diagnostic of IS801Akan and absent in R388 (Figure 111.3.A). Among the the 12 

isolates, 5 distinct restriction patterns were represented. However, the band profiles in 

these digests, as well as in digests with AvaI (Figure 111.3.B), indicated that these 

plasmids had incorporated more DNA than could be accounted for by simple insertions 

of IS8014kan into R388. An IS 801 probe hybridized to the newly acquired fragments 
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Figure 111.3. Analysis of products of IS91-activated mobilization of IS801Akan. 
A. Lanes 1-12, ClaI/BamHI digests of plasmids from 12 KanR transconjugants obtained 
with a mating donor containing p91AKA; lane 13, ClaIlBamHI digest of R388; lane 14, 
1 kb ladder. The arrowhead indicates a restriction fragment of IS801Akan that is not 
found in R388. B. Plasmids shown in panel A were digested with AvaI, for which there 
are 16 sites in R388 (Avila and de la Cruz, 1988) and two within the kanamycin cassette 
in IS801Akan (from which is released a 275 by fragment that is usually not seen on a 
gel). Lane 1, AvaI digest of R388; lanes 2-6, AvaI digests of plasmids shown in lanes 1, 
3, 4, 9, and 11, respectively, of panel A; lane 7, 1 kb ladder. C. Autoradiogram of 
Southern blot of agarose gel shown in panel B, probed with IS801. 
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seen in the AvaI digests (Figure III.3.C), as did a probe made from the entire vector, 

pUC19 (not shown), indicating that IS801Akan as well as other portions of the donor 

plasmid, p91AKA, were present in the newly acquired sequences of these R388 

derivatives. Although the approximate regions of R388 into which these insertions 

occurred have been mapped, the exact length and endpoints of the transferred sequences 

have not yet been determined. 

With the apparent failure of pORFAKA to generate transpositions, we attempted 

to induce mobilization of IS80 1 Akan with pLWB, a derivative of pUC19 containing a 

complete copy of 1S801 (Chapter II, this volume). UB1637(R388 + pLWB) and 

UB1637(R388 + pUC19) were each transformed with pLWAKA. To test the terminal 

deletion constructs, pLWAKAC and pLWAKAN (Figure were also each 

introduced into UB1637(R388 + pLWB). Although in each of these transformations a 

pUC19-based plasmid was introduced into a strain that already contained a plasmid of 

the same incompatibility group (pUC19 or pLWB), in each case pUC19 or pLWB had 

reached a sufficiently high copy number that introduction of the second pUC-derived 

plasmid did not eliminate pUC19 or pLWB. By selecting for kanamycin resistance, 

pLWAKA and its derivatives were maintained at a low copy number. Even after 

culturing a transformant colony for over 75 generations, both pUC-based plasmids were 

present, along with R388. 

From the mating donors containing pLWB and pLWAKA or one of its deletion 

derivatives, KanR transconjugants were obtained at low frequencies (3-5 x 10 -8 per Na1R 

SulfR transconjugant), but only after extended growth of donor strains prior to mating, 

and extended incubation of mating mixtures on the selective medium. In the negative 

control containing pUC19 instead of pLWB, only one KanR transconjugant 

(corresponding to a frequency of 6 x le per Na1R SulfR transconjugant) was obtained 

from among several replicates of the experiment. At least one of the KanR colonies 
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from each mating was AmpR, suggesting either transfer of pLWAKA at a low, 

background frequency, cointegration of pLWAKA with R388, or spontaneous mutation 

of donor strains to NalR. Plasrnids were isolated from the KanR colonies (both Amps 

and AmpR), and analyzed by digestion with AvaI for insertions into R388, and compared 

to the products of transposition from p91AKA. 

pLWAKA was present along with R388 in AmpR transconjugants, including the 

single KanR transconjugant obtained from the negative control mating, accounting for 

the KanR phenotypes of these isolates. The plasmids from Amps KanR transconjugants 

were restricted with AvaI, Southern-blotted, and hybridized to a probe made from the 

kanamycin cassette (Figure III.4). The kanamycin gene probe hybridized to the R388 

derivative in each of the KanR transconjugants derived from the mating in which pLWB 

was coupled with pLWAKA, but not to those from the matings in which pLWB was 

coupled with pLWAKAC or pLWAKAN, suggesting that these deletion derivatives 

were defective for transposition. Thus, although KanR transconjugants were obtained at 

similar frequencies from constructs with or without complete termini, IS8014kan was 

mobilized to R388 only when the intact termini were present. 

Discussion 

A set of 1S801 derivatives was constructed to overcome the "context-sensitive" 

bias inherent in previous constructs used to detect transposition events. Some of these 

derivatives were modified to analyze the roles of the terminal regions in transposition of 

1S801. The functional compatibility between 1S801 and IS91, insertion elements closely 

related by sequence, was also investigated for this first time in this study. 

Unexpectedly, few or no transpositions of the mini-element, IS801Akan, were 

detected in either of two versions of a trans-activation assay. This was surprising in 
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Figure 111.4. Analysis of effect of terminal deletions on transposition of 
IS801Akan. A. AvaI digests of plasmids from KanR transconjugants from matings with 
the following donors: Lane 1, UB1637(R388 + pLWAKA + pUC19); lanes 2-4, 
UB1637(R388 + pLWAKA + pLWB); lane 5, UB1637(R388 + pLWAKAC + pLWB); 
lane 6, UB1637(R388 + pLWAKAN + pLWB); lane 7, R388; lane 8, 1 kb ladder. B. 
Autoradiogram of a Southern blot of the gel shown in panel A, probed with the 
kanamycin resistance gene cassette. The exposure time for the autoradiogram of lane 1 
was approximately 1/10 of that of other lanes. 
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light of the fact that the use of the kanamycin cassette should increase the sensitivity of 

detection of transposition events, relative to the promoterless CAT cartridge used in a 

previous study (Chapter II, this volume). As there is no reason to believe that the 

kanamycin gene in the constructs is defective, it must be concluded that in these 

experiments, transposition was taking place at a nearly undetectable frequency. 

Although the basic components of pORFAKA--a selectable, disarmed derivative of 

IS801 paired with a sequence encoding transposase activity--were modeled after 

pOSU801c, a plasmid that in a previous study generated transpositions at a moderate 

frequency, one difference in the organization of the two plasmids is the spacing between 

the mini-element and the region expressing the transposase. In pOSU801c, the two 

components are separated by approximately 800 base pairs, whereas in pORFAKA and 

related plasmids the distance is approximately 120 base pairs. (In pLWAKAC, because 

of the restriction sites used to delete the left terminus of the element, only 40 base pairs 

separate IS8014kan from the cloned ORF fragment.) The proximity of the two 

sequences may somehow impose a topological constraint that interferes with either 

transcription of the 1S801 transposase, or the interaction between transposase molecules 

and the termini of IS801Akan. This possibility would best be addressed by inserting 

fragments of varying sizes into pORFAKA to increase the separation of the trans-acting 

components. It is not believed that the lack of activity is due to the lack of a promoter 

for transcription of ORF1; although the lac promoter of the pUC19 vector is disrupted 

by IS801 Akan, the kanamycin cassette supplies a promoter, and neither the Kan cassette 

(Oka et al., 1981; GCG Sequence Analysis Software: Brendel and Trifonov, 1984a, b) 

nor 1S801 (Chapter II, this volume) contains strong transcriptional terminators. 

If, for the above reasons or others, the low frequency of transposition from 

pORFAKA is due to a sub-optimal organization of components, rather than the absence 

of essential physical components (i.e. sequences), the actual efficiency of trans-
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activation of IS801Alcan by IS91 may be even higher than what we observed. The 

proficiency of p91AKA in the trans-activation assay was several orders of magnitude 

greater than any activity we have observed with IS801, either as an autonomous, intact 

element or as a non-autonomous, complemented derivative (IS801Acat or IS801 dkan), 

and in the same range as the most active versions of IS91 (Mendiola et al., 1994). IS91 

may mobilize IS8014kan more effectively than the transposase of 1S801, for at least two 

reasons. First, IS91 is a complete, unmodified element. Although previous work 

(Chapter II, this volume) suggested that a fragment containing the major open reading 

frames of IS801, separated from its flanking sequences, is sufficient to express a 

transposase activity in trans, we have not ruled out the possibility that the termini of 

1S801 may contain sequences that, while not being essential to the expression of 

activity, optimize the activity of the element. These terminal regions contain sets of 

short repeats, both direct and inverted (Mendiola et al., 1992), of unknown function and 

significance that may play a role in regulating the transcription of the transposase gene. 

The terminal regions of 1S801 also contain stop codons in all reading frames, that would 

normally prevent the transposase gene from being expressed as a hybrid protein. The 

fragment containing the ORFs has as its endpoints the Clal site at the left end of 1S801, 

and the AvrII site at the right end. (Note that the ORF fragment in experiments 

described in Chapter II extended to the inner Nsil site). The regions deleted from the 

element to generate the ORF fragment contain some of the stop codons, and therefore 

the structures and activities of the proteins expressed from our constructs may be 

abnormal, and may differ from one construct to another, as different cloning sites have 

been used for the insertion of the ORF fragment into different constructs. The second 

possible explanation for a higher activity expressed from IS91 is that IS91 was 

originally isolated from, and believed to be indigenous to, E. coli, whereas 1S801 was 
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isolated from P. syringae, and therefore the in vivo assay environment is heterologous 

with respect to IS801. 

We attempted to circumvent possible problems arising from the proximity of the 

trans-acting components on pORFAKA, and the separation of the transposase gene from 

terminal sequences that might regulate its expression, by complementing pLWAKA 

with an intact copy of 1S801 on a separate plasmid. Although we were able to generate 

transpositions with this system, the frequency of transposition was still significantly 

lower than what we observed with pOSU801c. It is reasonable to expect that the 

transposase expressed from 1S801 on pLWB would act preferentially on that copy of the 

element, rather than on IS801Akan; such transpositions, however, would not be detected 

by selection for KanR transconjugants. Furthermore, the number of IS8014kan copies 

per cell in these strains was much lower than in the strains containing pORFAKA. 

Thus, even if the frequencies of transposition per element and the efficiency of 

conjugation were the same in both systems, the frequency of KanR transconjugants 

would be expected to be higher with donors containing pORFAKA than with donors 

containing pLWAKA and pLWB. Therefore, the pairing of IS8014kan with an 

autonomous copy of 1S801 may be a competitive combination that, as an assay for 

trans-mobilization, is inherently inferior to an optimized version of pOSU801c and/or 

pORFAKA. 

The observation that sequences of varying lengths, rather than simple insertions 

of IS8014lcan, were transferred to the target plasmid R388 in the events mediated by 

IS91, is noteworthy. A model for IS91 transposition that is mechanistically analogous 

to rolling circle replication of plasmids has been proposed by Mendiola et al. (1994). 

Based on their experiments with terminally deleted derivatives of IS91, they proposed 

that the end that they designate as the right end of IS91 leads the transfer from donor site 

to target site, and that when the correct left terminus is unavailable, alternative copies of 
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the tetramers CAAG and GAAC are used as termination sites for the transfer process. 

Based on our analysis of 1S801 transposition targets and their relative degeneracy 

compared to IS91 targets, and on a comparison of the structures of the two elements, we 

hypothesized that 1S801 may have arisen from an aberrant termination of IS91 

transposition (Chapter II, this volume). The results of this study are consistent with this 

hypothesis, and suggest that the transposase of IS91 recognizes 1S801 as a terminally 

deleted derivative of itself. It remains to be seen whether the transposase of 1S801 can 

recognize and activate the transposition of IS91. 

We have attempted to analyze the roles of the termini of IS 801, with respect to 

their utilization by 1S801 itself. The termini of 1S801 are non-symmetrical, but clearly 

must be recognized in a highly specific manner, since simple insertions with defined 

boundaries have been consistently observed in previous assays (Chapter II, this volume). 

Mutational analysis of the terminal sequences should reveal whether, and how, they are 

required for correct transfer of the element. To this end we have constructed derivatives 

of IS801Altan with deletions of terminal regions, in order to examine the potential of 

such constructs to be mobilized. Target plasmids with insertions of IS801Akan were not 

detected with the constructs pLWAKAC and pLWAKAN, suggesting that both termini 

are required for 1S801 transposition. This interpretation is tentative at this point, given 

the very low frequency of mobilization of even full-length IS8014kan. It will therefore 

be necessary to determine a set of conditions under which pORFAKA, or some 

modification of it, gives transposition products at a frequency high enough to detect a 

reduction of that frequency when the element is mutated. 
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CHAPTER IV. CONCLUSION  

This dissertation has covered studies aimed at a molecular characterization of a 

novel insertion sequence, 1S801, that was originally identified in and isolated from the 

bean pathogen, P. syringae pv. phaseolicola. Since its initial discovery as a repeated 

sequence and site of homologous recombination leading to excision of a chromosomally 

integrated plasmid, 1S801 has become an interesting subject of study not only for its 

unusual physical features, but also because of the questions it provokes with respect to 

its roles in the evolution and ecology of its host species. 

We have determined unequivocally that IS801 does not duplicate target 

sequences, and that its precise boundaries are maintained in sequential transpositions. 

An open reading frame within 1S801 has significant homology with the transposase 

genes of two other transposable elements, IS91 and 1S1294. By uncoupling the ORF 

from the terminal sequences of IS801, we have demonstrated its probable identity as the 

gene for the 1S801 transposase. Although we have not ruled out the possibility that 

1S801 can be mobilized by activities endogenous to the E. coli strains in which we have 

studied it, in two trans-activation assays a "disarmed" version of 1S801 was virtually 

immobile unless the ORF was also present. And although we observed efficient 

mobilization of the IS801 derivative by the related element IS91, those events appeared 

to lack the precise recognition of termini that characterize transpositions of IS801 

catalyzed by its own transposase. Therefore, our studies strongly indicate that IS801 is 

not merely a defective derivative of another element, but an autonomous element with 

an identity and specificity of its own. 

The characterization of 1S801 is far from complete at this point, and there are 

many opportunities for further studies. In this chapter, I will address aspects of the basic 

nature of this element that have not yet been answered, and that would be worth 
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pursuing in further studies. Additionally, I will discuss and speculate on the potential 

significance of some of our most recent findings relating to the presence of 1S801 within 

pathogenicity-related genes of Pseudomonas species. 

The elucidation of the mechanism of transposition for a particular element is a 

considerable challenge. To differentiate between conservative and replicative 

outcomes, as described in Chapter I, one needs to observe the element in a system in 

which donor and recipient molecules are not only clearly distinguishable but also 

recoverable. Ideally, selectable genetic markers to simultaneously indicate the pre- and 

post-transposition state at both donor and target sites would be desirable. The inherent 

disadvantage of working with 1S801 on a high copy number plasmid, which has been 

convenient for us in other respects, is therefore apparent. We have employed assays that 

allow selective recovery of targets with insertions, but the presence of donor element 

copies on plasmids of extremely high copy number (derivatives of pUC18 or pUC19) 

precludes the detection of the excision sites, if they even survive in the cell, as there is 

no unique phenotype associated with them. One approach to this problem is to analyze 

the element on a low copy number replicon. If a selectable marker is not associated 

with active donor sites, detection and isolation of donor sites still depend on screening 

rather than selection, and requires that a donor site be neither degraded nor fully 

repaired to the pre-excision sequence. (Hagemann and Craig (1993), however, were 

able to elegantly demonstrate that Tn7 donor sites are restored using a homologous site 

as a template, by constructing a template sequence that would confer a distinct 

phenotype only if it was incorporated into the donor site.) While they do not always 

mimic in vivo events perfectly, in vitro transposition reactions with purified donor and 

recipient molecules and transposase protein(s) have facilitated the reconstruction of 

biochemical steps and the characterization of physical intermediates and the fate of 

donor molecules for Tn7 (Bainton et al., 1991; Bainton et al., 1993), and Tn10 
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(Chalmers and Kleckner, 1994). In vitro systems for transposable elements, however, 

can take years to develop. 

Given the difficulty of proving or distinguishing alternative fates of donor sites 

in vivo, some workers have taken the approach of first eliminating the possibilities that 

are easily tested experimentally. Evidence against the rejoining of gapped donor sites 

(Bender et al., 1991), and indirect evidence of DNA degradation (Roberts and Kleckner, 

1988), have been invoked to support a theory of donor site loss (a genetically invisible 

event) for Tn/O transposition. We have similarly attempted to address the question of 

whether 1S801 excises perfectly from a donor site, with subsequent sealing of the gap. 

A lacZAS801 locus, on the pUC19 derivative pLWB, showed no detectable reversion 

to lacZ, using a blue/white colony assay (Chapter II, this volume). However, this assay 

was insensitive to blue/white ratios of less than approximately 3 x 10-5, and to excisions 

that did not restore the lacZ gene to its original reading frame. In another approach 

(data not presented in this volume), a plasmid was constructed such that a copy of IS801 

is situated between a promoter and a promoterless CAT cartridge, reducing the level of 

chloramphenicol resistance expressed by the plasmid. We hypothesized that if 1S801 

excised precisely or imprecisely from the site, plasmids with "empty" donor sites could 

be recovered by selection with chloramphenicol and characterized by sequencing. 

Overnight cultures of strains containing this plasmid generated chloramphenicol-

resistant colonies at frequencies between 10-7 and 10-6, and all of the CamR colonies 

screened (>50) possessed what appear, by restriction analysis, to be the same new 

plasmid. This plasmid has been partially characterized by restriction analysis, and it is 

not the result of a simple excision of 1S801. It appears to have retained the donor copy 

of IS801, but to have undergone intramolecular rearrangement, yielding a structure that 

is yet to be mapped. Whether this plasmid will reveal new aspects of 1S801 

transposition remains to be seen. 
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Very little is known about the regulation of 1S801 transposition, particularly in 

its native environment (i.e. the genomes of Pseudomomas species). While the strain 

from which IS801 was originally isolated has multiple copies of sequences homologous 

to it, it is not known how many of these are complete or active copies of the element. 

Using a number of different assays to estimate transposition rates, frequencies ranging 

from 10-7 to 10-5 transpositions per cell have been observed in the original host and in E. 

coli transformed with IS801-containing plasmids. Attempts to elevate transposition 

frequency by cloning IS801 adjacent to an inducible lacZ promoter did so by not more 

than approximately one order of magnitude, on average, and suggests that like most 

transposable elements, 1S801 is highly regulated and may have mechanisms to offset 

spurious overtranscription. We have not rigorously investigated whether 1S801 

possesses its own promoter(s), but the intrinsic activity of any promoter present on the 

element would be expected to be very low due to tight regulation, and perhaps not even 

functional in heterologous hosts such as laboratory strains of E. coli. Preliminary data, 

from hybridization of a double-stranded IS801 probe to a Northern blot of RNA from 

E. coli and P. syringae strains containing cloned or endogenous 1S801, indicate 

sequences of the element present in heterogeneous transcripts, and no transcript size that 

is unique to IS801-containing strains. A tentative interpretation of these observations is 

that 15801 is transcribed primarily from external promoters. The absence of strong 

transcription terminators in 1S801 is consistent with (but does not necessarily dictate) a 

model of an element that depends on host promoters for transcription. 

One of the most intriguing findings regarding 1S801 is its presence as remnants 

near pathogenicity-related genes of its host species, P. syringae. In a search for 

nucleotide sequences homologous to 1S801, using the National Center for 

Biotechnology Information (NCBI) BLAST search program (Altschul et al., 1990), six 

of the ten sequences producing the highest scores for segment matches were at loci 



76 

adjacent to avirulence genes or other genes of relevance to plant pathology. Two of the 

matches were the E. coli insertion elements 1S1294 and IS91, and two more were loci 

near E. coli genes. The search results and the sequences of the matching loci are 

presented in Appendix B. 

The results of this search are truly striking in that they suggest either a higher 

frequency of association between 1S801 and pathogenicity-related loci than would be 

expected by random distribution of the element in its hosts, or a relatively high copy 

number of the element in genomes of which sequence entries are not highly abundant in 

databases. That is to say, if most P. syringae sequence submissions are avirulence or 

pathogenicity-related genes, and the copy number of 1S801 is high but more or less 

randomly distributed in genomes, then 1S801 sequences would be expected to occur 

with some regularity among the gene sequences. However, the proximity of the 1S801 

fragments to the coding sequences is notable and seems to argue strongly for the first 

possibility. The fragments, ranging in size from approximately 30 to 180 base pairs, are 

all located within 300 base pairs of the coding sequences of the avirulence genes, and in 

two cases are merely 14 and 24 base pairs away. In the case of the avrA gene from P. 

syringae pv. glycinea (Soby, 1991), an imperfect direct repeat (27/31) homologous to a 

segment within 1S801 is found flanking the coding sequence. The remnants are all 

derived from relatively terminal regions (i.e. within 400 base pairs from each end) of 

1S801; the significance of this pattern can only be speculated upon at this point. One 

possibility is that for some reason, the terminal regions of the element have a higher 

tendency to break during transfer from one site to another. The directional transfer 

(rolling circle) model proposed by Mendiola et al. (1994) for IS91 would predict that 

fragments of the leading (right) terminus would be associated with interruption early in 

transfer events, while fragments of the lagging (left) end would be left at donor sites if 

breakage occurred late but before the entire element was transferred. The validity of 
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this rolling circle model with respect to 1S801 has been indirectly supported but not yet 

convincingly demonstrated. Regardless of the mechanism of transfer, however, the 

terminal regions of an element might be expected to be the most likely areas of 

recombination (strand breakage), as they are presumably the regions that interact most 

closely with the transposase and are subject to its nuclease activity. On the other hand, 

internal remnants of IS801 may be no less likely to be found dispersed in a host 

genome; the first isolate of 1S801 was identified by hybridization with RS-I, the 

repetitive sequence which was later found to constitute an internal 275 by portion of 

1S801 (Romantschuk et al., 1990; Romantschuk et al., 1991). 

The results of the BLAST search confirm earlier findings from our laboratory, 

that sequences homologous to 1S801 are present in a variety of P. syringae strains and 

pathovars. Romantschuk et al. (1990) reported that RS-I hybridized to P. syringae 

pathovars adzakicola, glycinea, phaseolicola, philadelphii, tabaci, and tomato. The 

BLAST search, using the entire sequence of IS801, has identified matches in pathovar 

savastanoi as well. 

In a BLAST search for protein homologies (Gish and States, 1993), an additional 

match of interest that did not appear in the nucleotide sequence homology search was 

identified. The sequence of a putative transposase in the bacterium Weeksella 

zoohelcum, (Brassard et al., 1994) can be aligned over a substantial portion of the 1S801 

transposase sequence, with short stretches with 28 to 46% amino acid identity, and 44 to 

63% similarity. These levels of homology are close to those found between 1S801 and 

IS91 (36% identity, 54% similarity) (Mendiola et al., 1992); in comparison, there is 

63% identity and 75% similarity between the 1S801 and IS1294 amino acid sequences. 

Although a transposable element has not yet been identified in association with the 

transposase-encoding sequence in W. zoohelcum, the possibility of the existence of 
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another element related to IS801 raises interesting questions about the distribution and 

host range of this group of elements. 

That 1S801 has never been directly observed in the chromosome of its hosts may 

be significant in the interpretation of its distribution and role in pathogenic hosts. IS801 

was isolated from a strain in which all genomic fragments hybridizing to RS-I are on the 

indigenous plasmid pMMC7105 (Szabo and Mills, 1984), and an 1S801 probe 

hybridizes only to the same fragments identified by the RS-I probe (Romantschuk et al., 

1990). Thus, it is likely that the first isolates of 1S801 transposed from pMMC7105, 

rather than from the chromosome, to the capture plasmid. Out of the six avr sequences 

with which are associated remnants of 1S801, three are located on plasmids. If 1S801 

was derived from IS91 or IS1294, as we have hypothesized, it is likely that 1S801 first 

invaded Pseudomonas by plasmid transmission, as IS91 and 1S1294 are naturally 

plasmid-borne (Mendiola and de la Cruz, 1989; P.M. Bennett, personal 

communication). In the trans-mobilization systems that we constructed, 1S801 readily 

transposed to plasmid targets, but it is probable that the disproportionate availability of 

plasmid -borne sites, relative to potential chromosomal targets sites, favored insertion 

into these targets. Furthermore, the mating assays detected only plasmid-directed 

transpositions. Nevertheless, in the various experiments in which chromosomal 

insertions might have been detected, none was. 

A strain containing a chromosomal insertion of IS801 or IS801Akan would be a 

useful tool for further studies. If the strain were previously devoid of 1S801, such a 

construct could be useful to address questions regarding copy number regulation, 

preferences for plasmid vs. chromosomal (or nearby vs. distant) targets, its role in 

plasmid-chromosome recombination, and its dissemination throughout a population. 

An attempt was made to force IS801 dkan into the chromosome of P. syringae LR781 

by electroporating the strain with pORFAKA, which cannot replicate in pseudomonads. 
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Only one KanR colony was obtained in this experiment, and it has not been confirmed 

that IS801 Akan did integrate into the genome in this case. (In LR781, an introduced 

copy of IS801 might tend to transpose to pMMC7105). If transposition into the 

chromosome of a strain could be induced at a sufficiently high frequency, IS8014kan 

could be used as a mutagen and tagging tool for genetic analysis. Modified elements 

such as IS8014kan and IS8014cat, in which a substantial internal portion of IS801 is 

replaced with other sequences, are prototypes for gene delivery vectors as well. 

The discovery of two (and possibly a third) other elements with sequence 

homology to IS801 puts our findings into context and allows for a greater appreciation 

of the diversity of transposable elements. At the time of its discovery, IS801 appeared 

to be highly unusual. IS801, 1S91, and 1S1294 are the first members of a new family of 

elements that transpose by a previously undescribed mechanism. Furthermore, they 

illustrate that the classical hallmarks of bacterial transposable elements are not 

fundamental to transposition, and that flanking duplications can be generated in more 

than one way. With the identification of amino acid motifs that may be relevant to the 

functions of the transposases of this group (Appendix C), mutational studies can further 

elucidate the specificities and activities of these elements. 

The success of plant pathogens is partially determined by their acquisition of 

mutations in avirulence genes. Clearly, transposition is one mode by which such 

mutations occur. The recent evidence of transient genetic linkage between copies of 

IS801 and pathogenicity-determining factors is an area that deserves further study. 
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Summary 

A transposable element, designated 1S801, was isolated from strain LR781 of 

Pseudomonas syringae pathovar phaseolicola in two independent events using the 

entrapment plasmid, pUCD800. 1S801 is 1517 base pairs in length and contains open 

reading frames that potentially encode proteins of 311 and 172 amino acids, as well as 

smaller proteins. Unlike most other prokaryotic transposable elements, 1S801 lacks 

terminal repeats. Sequence analysis revealed two target pentamers for 1S801 insertion 

that differ by one base pair. One copy of IS801 generated a perfect duplication of its 

target, TGAAC. The second copy of 1S801 was flanked by the target, TGGAC, at one 

end, and TGAAC at the other end. A third copy of 1S801 was cloned from pMMC7105, 

an indigenous plasmid of strain LR781, and it was flanked by copies of the pentamer 

TGAAC. 
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Introduction 

Pseudomonas syringae pathovar (pv.) phaseolicola strain LR700 is the causative 

agent of halo blight in the common bean. It harbours a 150 kb cryptic plasmid, 

pMMC7105 (Curia le and Mills, 1982), that contains multiple copies of at least three 

different repeated sequences designated RS-I, RS-II, and RS-III (Szabo and Mills, 

1984a, b). This plasmid has integrated into the chromosome by homologous 

recombination between copies of RS-II (Mills et al., 1987), and subsequent 

recombination has produced excision plasmids of different sizes, some of which contain 

chromosomal sequences (Szabo and Mills, 1984a). Repeated sequences are also 

candidates for being transposable elements (insertion sequences or transposons), which 

are genetic entities capable of inserting as discrete non-permuted DNA segments 

without the requirement for sequence homology. 

To test whether any of the repeated sequences in P. syringae pv. phaseolicola 

LR700 are transposable, we undertook to entrap such elements in the broad host-range 

cosmid pUCD800, as described by Gay et al. (1985). We present here the isolation, 

nucleotide sequence, and genomic structure of the insertion sequence element 

designated 1S801, which was captured in the sacB gene of pUCD800. 

Results 

Generation of sucrose-resistant insertion mutants.Following transfer of pUCD800 

from Escherichia coli HB 101 into P. syringae pv. phaseolicola LR781 by triparental 

mating, a kanamycin-resistant, sucrose-sensitive, fluorescent transconjugant was 

selected (Romantschuk et al., 1990). This strain was grown to stationary phase in LB 

supplemented with kanamycin, and 100 ml aliquots were then plated onto MaNY plates 
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supplemented with kanamycin and 5% sucrose and incubated at 30°C. Plasmids from 

20 sucrose-resistant colonies were screened and pUCD800 derivatives from two 

sucrose-resistant colonies had altered restriction fragments consistent with each having 

acquired an insertion approximately 1.5 kb in size (Fig. A.1). The derived plasmids 

were designated pOSU8Ola and pOSU801b (Fig. A.2), and the putative inserts in each 

were cloned as a Dral fragment and a Dral-EcoRI fragment, respectively. Restriction 

maps of both insertions were identical with respect to all enzymes tested (Fig. A.3a). 

Preliminary results (Romantschuk et al., 1990) indicated that the insert in the 

Dral fragment from pOSU8Ola had partial sequence homology with RS-I and with 

fragments from pMMC7105 that contain RS-I. A restriction map was therefore 

generated for a 1.9 kb BamHI fragment from pMMC7105 (Bam-14, Szabo and Mills, 

1984a) that contains RS-I. The distribution of restriction sites within the putative 

insertion element of pOSU8Ola and within a 1.6kb Band-II-Hind III subfragment of 

Bam-14 was identical. A probe made from a 1.4 kb internal fragment of the insert in 

pOSU8Ola hybridized to the insert-containing fragment of pOSU801b, as well as to the 

1.6 kb BamHI -Hind III subfragment of Bam-14, but not to pUCD800 (Fig. A.1 B). The 

element present in these fragments was designated 1S801. 

Sequencing of IS801.The nucleotide sequence of both strands of 1S801 and flanking 

pUCD800 DNA from pOSU8Ola was determined and compared to the published 

sequence of the sacB gene (Steinmetz et al., 1985; Fig. A.4). The left end of IS801 was 

preceded by the pentanucleotide TGAAC, which was found duplicated as a direct repeat 

at the other terminus of the element. The sequence was 1517 base pairs long, including 

the target repeats. Both strands of the insertion junctions of pOSU801b were also 

sequenced, and this copy of 1S801 was inserted at a different site in opposite orientation 

relative to the copy in pOSU8Ola (Fig. A.2). The left terminus of the element in 

pOSU801b was also preceded by TGAAC, but the right terminus was followed by the 
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Figure A.1. Analysis of the mutated levansucrase gene on pUCD800. Plasmids 
from sucrose-resistant colonies were doubly digested with BamHI and DraI and 
analysed by agarose gel electrophoresis. A. Lane a, pUCD800; lanes b and c, 
derivatives of pUCD800 designated pOSU8Ola and pOSU801b, respectively. The 612 
by DraI fragment of the sacB gene has increased to 2.1 kb in pOSU8Ola and the 943 by 
BamHI-DraI fragment has increased to 2.4 kb in pOSU801b. Lane d, BamHI-HindIll 
digest of a pUC19 clone containing a 1.6 kb BamHI-Hincifil subfragment of Bam-14; 
lane e, DNA size standard. B. Autoradiogram of a Southern blot of the gel, probed 
with 1.4 kb internal ClaI-NsiI fragment of IS801 from pOSU801a. (Consult Fig. A.3 for 
restriction sites within IS801.) 
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Figure A.2. Location and orientation of the insertion sequence element 1S801 in 
pOSU8Ola and pOSU801b. Restriction sites for sacB were determined from the 
sequence previously reported by Steinmetz et al. (1985). 
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Figure A.3. Physical analysis and organization of ORFs of 1S801. a. Partial 
restriction map; b. sequencing strategy of the insert in pOSU801a; c. ORFs determined 
from the complete nucleotide sequence of IS801 (refer to Fig. A.4 for details). The 
upstream border of the larger box is located at the first putative initiation codon in the 
ORF, whereas the vertical arrow at nucleotide 398 indicates the putative starting point 
of the coding region as predicted by the cod-proc program of the PC/Gene package. The 
smaller ORF lies entirely within the larger ORF, in the same reading frame, but in the 
opposite orientation. The arrow at position 979 is its predicted start point. 



TGAACAGGGCAGCCTGCGGCTGCAAATCGCCCGTTCTTACGATCGCGTAGGAGGAGAAACATCGATTTGA 70 Asp Glu Thr Phe Ala Val Pro Ala Thr Gln Tyr Gln Gly Ser Thr Ala Leu Val  
TAG GAG ACA CTT TCG CTG ACC GCG GCA AAC TAT GAC CGG CIA CCA CCG GTC GTG  

GCTTTGCCATGAGGCCCGTTATTGACCATC ATO AAG CCT GCT TAC CCA CCG CTG CTG CTT 130 ATC CTC TOT GAA AGC GAC TGG CCC CCT TTG ATA CTG GCC GCT OCT GGC CAC CAC 832  
MET Lye Pro Ala Tyr Pro Pro Leu Leu Leu Ile Leu Cys Glu Ser Asp Trp Arg Arg Leu Its Leu Ale Ala Gly Gly Gln His  

GAG ATG AGT CCT GCC TAC ACA CCT CGA CCG CTC AAA AAC CTC TTC ACC GCT AAC 184 Pro Val Asp Val Gln Arg Leu Lao Arg Phe Val Ala Ser Leu Gly Asp Ii. Val  
Gln MET Ser Pro Ala Tyr Thr Pro Arg Pro Leu Lye Ann Leu Phe Thr Ala Ann GTG AAC AGC TTC TTC TGC TTT TTG CCG GCT TEl TOG GAG TTA ATG  

TGG CAC ATC CAC TTG TCG AAG AAG ACG AAA AAC GGC CGA AAG ACC GTC AAT TAC 886  
ACC GTG TAG  

CAG TGC TGG GCA CAC CTC CTC GAG GAG GGC GGC TTA CGC GAG ATC GAA GTC GAG 238 Trp His Ile His Leu Ser Lys Lys Thr Lys Asn Gly Arg Lye Thr Val Asn Tyr  
Gln Cya Trp Ala His Lau Leu Clu Glu Gly Gly Leu Arg Asp Ile Glu Val Glu  

Gln Ala Ala Val Gln Phe Phe Arg Gly Asp Erg Ala Thr Thr Gln Arg MET Val  
ACC GTC ACC AAA ATG CTC GCC TGC GGC ACC TCG ATA CTG GGC GTC AAA CAC TAC 292 GAC CCG GCG ATG GAC TTT TTT GGC GCG TAG AGC CCC TCh GCA GAC CGC GTA ATG  

CTG GGC CGC Thr Val Thr Lye MET Leu Ale Cys Gly Thr Ser Ile Leu Gly Val Lys His Tyr TAC CTG AAA AAA CCG CCC ATC TCG GGC AGT CGT CTG GCG CAT TAC 940  
Lou Gly Arg Tyr Leu Lys Lys Pro Pro Ile Ser Gly Ser Arg Leu Ala His Tyr  

ACC TGC GGC AAC CAC AGC TGC CCG CAC GTC AAA TAC CTG TGC AAC ACC TGC CAT 346  

TGG TTG CCC CGG TGC AAC TCG AAG TGG ATG GAG CTA OTO GCG TGT GTC CGG_ATA  
TGC CGG GCC TOT CCC TCC TGC GGC AAA AAG GCC ACC GAC CAG TGG ATC ACC OTO  
Cys Arg Ala Cys Pro Ser Cys Gly Lys Lye Ala Thr Asp Gln Trp Ile Thr VAL Thr Asn Gly Ala Thr Leo Ser Phe Thr Tyr Leo Asp His Arg Thr Gln Ala Tyr  

Thr Cya Gly Aen His Ser Cys Pro His Val Lys Tyr Leu Cys Asn Thr Cys His Gly Val Pro Gly Arg Gln Ale Glu Gly Val Gln Ile VAL Ala Cys Leo Gly Ile  

400 ACC AAC GGG GCC ACG TTG AGG TTC ACC TAC CTG CAT CAC CGC ACA CAG CCC TAT 994  

CAA AAC AAC CCT CTG CCC GAC TGC CCC TGG GAG CAT GTO GTG TTC ACG CTG CCC 454 Leu Leu Phe Arg Gln Ala Lou Gly Val His Lys Glu Pro His His Lau Val Asp  
Gln Asn Asn Arg Lao Pro Asp Cys Pro Trp Gln His Lao Val Phe Thr Leu Pro GTC GTC CTT TGC GAC TCG GTC CGG CTG TAC GAA AAG GCC CAC CAC GTC GTG TAG  

CAG CAG GAA ACG CTG AGC CAG GCC GAC ATG CTT TTC CGG GTG GTG CAG CAC ATC 1048  
--- Pro Gly Gln Glu Glu Val Val Ala Pro Gln Glu Ile Arg Gln Lys Gln Gln Glu Thr Lau Ser Gln Ala Asp MET Leu Phe Arg Val Val Gln His Ile  
OAT ACC GGG GAC AAG AAG ATG TTG GCG ACC GAC GAG CTA CGC GAC AAA  

GAC ACG CTA TGG CCC CTG TTC TTC TAC AAC CGC TGG CTG CTC CAT GCG CTG TTT 508  Arg Phe Leu MET  
Asp Thr Leu Trp Pro Leu Phe Phe Tyr Asn Arg Trp Lou Leu Asp Ala Leu Phe  GGC CTT TTC OTA  

CCC GAA AAG CAT TTC CGG ATG ATC CGG TAT TEl GGT TTT CTG GCC AAT CGG GTC 1102  
Pro Gln Arg Gly Ile Val Gln Asp Val Gly Gly Leu Pro Ale Thr Gln Ala Asp Pro Glu Lys His Phe Arg MET Ile Arg Tyr Phe Cly Phe Leu Ala Asn Arg Val  
GCC GAG CGC CGG CTA TTG GAC TAG ATG CGG CGG TTC GCC GCG CCA AAC GCG CAC  
CGG CTG GCG GCC CAT AAC CTG ATC TAC GCC CCC AAG CGG CGC OCT TTG CCC GTC 562 TGC GGG CAG TAC CTG CCA AAG GTC TAT GAA GCA CTG AAG ATG GCG ACG CCA GGA 1156  
Arg Leu Ala Ala Asp Aen Lau Ile Tyr Ala Ala Lye Arg Arg Gly Leu Arg Val Cys Gly Gln Tyr Leu Pro Lye Val Tyr Glu Ala Lou Lys NET Ala Thr Pro Gly  

Pro Asn Glu Pro Arg Gln Val Gly Ile Ala Pro Pro Glu Val Pro MET Gly Val CCG ACA CCG AAG CTG TAT TTT GCG CCG ATC GCC AAA GCC TTT CTA AAC GTC GAT 1210  
CCC TAA AAG CCC CGC GAC GTG TGG ATA CCG GCC GCC GAG TTG ACC GTA GGG GTG Pro Thr Pro Lys Leu Tyr Phe Ale Pro MET Ala Lys Ala Phe Leu Asn Val Asp  
GGG ATT TTC GGG GCG CTG CAC ACC TAT GGC CCG CGG CTC AAC TGG CAT CCC CAC 616  
Gly Ile Phe Gly Ala Leu His Thr Tyr Gly Arg Arg Leu Asn Trp His Pro His  

CCG TTC CGC TGC GTG CTG TGT GGC GCG CGG ACC GTA TAC ACG GCG GCA ATC AGC 1264  
Asp Val Gln Arg His Gly Arg Ale Ale Gln Ile Leu Leu Ala Aps Pro Phe Ile Pro Phe Arg Cys Val Lao Cys Gly Ala Arg MET Val Tyr Thr Ala Ala Ile Ser  
GAG GTC GAC AGC CAC TIC CCC CCG CCG GAG CTA CTC GTC CCC CAG ACC TTT TTA  
GTC CAC CTG TCG GTG ACC GCG GGC GGC CTG CAT GAG CAC GGC GTC TGG AAA AAT 670  GGG CTG ACG GTG CAG GGA CTG AAC CTC AAC GCT CAG GCG ATT GIG CAG ATG AGC 1318  
Val Hie Leu Ser Val Thr Ala Gly Gly Leu Asp Glu Gln Gly Val Trp Lye Aen Gly Leu Thr Val Gln Gly Leu Aen Leu Asn Ala Gln Ala Ile Ala Gln MET Arg  

TAC GTG AAG CCC TOA CAGGGGGTAGGTGCGTCCGCACCTAGGCTTCGCGGTGAAATAACCTGCATT 1384  Gin Arg Glu Val Phe Lao Gly Gln Pro Pro Ale Pro His Pro Gln His Ala Ile  

CTG TCG TTC CAC AAA GAG GCC CTG CGG CGG CCC TGG ATG TGG CTG GTG CGC GAT 
Tyr Val Lys Pro ---

724  
GAC AGC AAG GTG TTT CTC CGG GAG GCC GCC GCG ACC TAC ACC GAC CAC GCG CTA  

Leu Ser Phe His Lye Glu Ala Leu Arg Arg Arg Trp MET Trp Leu Val Arg Asp AATOCTTGTTGATAGGGATTTTCACTCCATAAGTAACGCATCAGCGTCTTCCTACCCATCGCTITGAAGG 1454  

CATGACGCCTCCGTCATAGCGTCAGCCTGATGCATAGGCATTTTGAAATTCCTATGCATGAAC Val Gln Gln Ser Leo Arg Lys Arg Leu Gln Arg His Arg Arg Arg Gln Gly Val 1517  
ATG GAC GAC CCT GTC GGC GAA AGC GTT GAC TGC TAC GGC GGC GGC GAC CGG GTG  

Tyr Leu Leu Cly Gln Pro Leu Ser Gln Leu Thr MET Pro Pro Pro Leu Ale His  
TAC CTG CTG GGA CAG CCC CTT TCG CAA CTG ACG ATG CCG CCG CCG CTG GCC CAC 778  

Figure A.4. Nucleotide sequence of 1S801 . The amino acid sequences of the two largest open reading frames are indicated. Both  
strands are shown where the smaller ORF is located, with the upper sequence reading from right to left. The target duplications at the  
termini are indicated by lines above and below the sequence. A putative ribosome-binding site at position 387-391 is underlined and  
putative initiation and stop codons are shown in bold face. T he underlined bases at positions 1022-1034 and 1048-1060 form the 13  
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pentamer TGGAC, which is found in the non-coding strand of the sacB gene (Steinmetz 

et al., 1985, and confirmed in this study; Fig. A.5b). 

Both strands of the termini of 1S801 and approximately 100 bases of flanking 

DNA in the 1.6 kb Bam HI-Hind III subfragment from Bam-14 were sequenced as well, 

and the five-base-pair putative target sequence, TGAAC, was found juxtaposed to 1S801 

termini. The target sequence at the left terminus was preceded by 26 by of the right 

terminus of IS801 (Fig. A.5c), suggesting that this copy had inserted into a target site 

duplication generated by another copy of 1S801 that subsequently had undergone 

rearrangement. The termini of the three copies were determined to be identical and no 

direct or inverted repeats were detected (Figs. A.5d and A.5e). 

The sequences adjacent to 1S801 in pOSU801 a and pOSU801b had only an 

additional target sequence (TGAAC) in common, located 38 and 41 bases away, 

respectively (Figs. A.5a and A.5b), but in opposite orientation relative to the target sites 

used for insertion. No additional target sequence was found near the copy of 1S801 

from pMIVIC7105, and homology was not observed between 1S801 termini and the 

insertion target areas. 

Open reading frames within IS801. The sequence of 1S801 contains one open reading 

frame (ORF) larger than 200 by in each strand and several ORFs smaller than 200 by in 

both strands (Figs. A.3c and A.4). The largest ORF spans bases 101-1330 and the 

translation start codon predicted by the method of Kolaskar and Reddy (1985) using the 

cod-proc program (PC/Gene), located at position 398, would encode a 311-amino-acid, 

35.8 kDa protein. The large ORF in the opposite strand extends from bases 1060-464 

and has a predicted translation start point at position 979 that would encode a 172-

amino -acid, 18.7 kDa protein. This smaller ORF lies completely within the larger one 

and has a loop and stem structure, each 13 bases long, at its putative 5' end (Fig. A.4). 
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TGAAC IS801 

a	 TGAAACCGCTGATTGCATCTAACACAGTAACAGATGAAAT GCGCGAACGTCTTTAAAATGAACGGCAAATGGTACCTGTTCACTGACTCC 
ACTTTGGCGACTAACGTAGATTGAGACATTGTCTACTTTA Y CGCGCITGCAGAAATTTTACTTGCCGTTTACCATGGACAAGTGACTGAGG 

b	 TTTGCTAACTCAGCCTTTGCAGAAGAGATATTTTTAATTG TGGAC GAATCGAATTCAGGAACTTGATATTTTTCATTTTITTGCTGTTCAGGGAT 
AAACGATTGAGTCGGAAACGTCTTCTCTATAAAAATTAAC ACCTG CTTAGCTTAAGTCCTTGAACTATAAAAAGTAAAAAAACGACAAGTCCCTA 

C . GCGGATTACCTTGILATIAGAATTAITGAAATTCCTATGCA	 TGAAC GTGTCGCCGTAATGCAGAACGGCCCAGGCCATCCTCGCATTCTTGGCGGC 
CGCCTAATGGAACATATCCTUATUCTVAREGXT-AaT ACTTG CACAGCGGCATTACGTCTTGCCGGGTCCGGTAGGAGCGTAAGAACCGCCG 

d	 TGAACAGGGCAGCCTGCGGCTGCAAATCGCCCGTTCTTACGATCGCGTAGCAGCAGAAACATCGATTTGAGCTTTGCCATGAGGCCCGTTATT 
ACTTGTCCCGTCGGACGCCGACGTTTAGCGGGCAAGAATGCTAGCGCATCGTCGTCTTTGTAGCTAAACTCGAAACGGTACTCCGGGCAATAA 

e . ----TCAGCGTCTTCCTACCCATCGCTTTGAAGGCATGACGCCTCCGTCATAGCGTCAGCCTGATGCATAGGCATTTTGAAATTCCTATGCATGAAC 
----AGTCGCAGAAGGATGGGTAGCGAAACTTCCGTACTGCGGTGGCAGTATCGCAGTCGGACTACGTATCCGTAAAACTTTAAGGATACGTACTTG 

Figure A.S. Nucleotide sequences flanking the target sites for insertion of 1S801 in 
the sacB gene and a putative target site of a copy from pMMC7105. a and b, sacB 
sequences flanking 15801 in pOSU8Ola and pOSU801b, respectively; c, sequences 
flanking IS801 in the BamHI-HindIII subfragment from Bam-14. The target sites used 
for insertion of IS801 within the sacB gene, and the putative target in pMMC7105 are 
boxed. Sequences underlined in 5a and 5b identify additional target sites, in opposite 
orientation, within approximately 40 by of the sites used for IS801 insertion into sacB. 
Arrows indicate the direction of transcription of sacB relative to the orientation of 
IS801. Parts d and e show left and right termini of IS801, respectively, revealing no 
inverted or direct repeats, apart from the target duplication. A box representing a copy 
of IS801 with the pentamer TGAAC immediately adjacent to its left end is shown above 
the sequence. 
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No significant DNA or amino acid sequence homology was detected between 

1S801 and sequences in the Gen Bank, EMBL, and Swissprot databanks. Homology was 

not detected with the structurally similar element IS492 (Bartlett and Silverman, 1989), 

or with IS476 from Xanthomonas campestris (Kearney and Staskawicz, 1990), or the 

IS-like repeated sequence RS-II that is also present on pMMC7105 (M. Ehrenshaft and 

D. Mills, unpublished data). 

Discussion 

Insertion sequence 1S801 has an unusual structure in that it lacks the direct or 

inverted repeats at or near its termini that are characteristic of most transposable 

elements (Kleckner, 1981). Phage Mu (Kamp and Kahmann, 1980), Tn554 (Murphy 

and Lofdahl, 1984), Tn916 (Caparon and Scott, 1989), Tn1545 from Streptococcus 

pneumoniae (Poyart-Salmeron et al., 1989), and IS492 from Pseudomonas atlantica 

(Bartlett and Silverman, 1989) are other elements that lack repeats at their termini. In 

other respects 1S801 is structurally similar to many other insertion sequence elements 

(Galas and Chandler, 1989). Its size (1517 bp) and its ORFs fall within the range 

typical of prokaryotic IS elements. The putative 311-amino-acid protein encoded by the 

largest ORF is predicted to have an intracellular cytoplasmic location since no 

membrane-spanning regions or protein export signals were found by the PC/Gene 

programs. Its isoelectric point (10.64) is consistent with an expected affinity for nucleic 

acids. 

Two alternative target sequences, TGAAC and TGGAC, were observed for 

insertion of 1S801. The TGAAC target was found perfectly duplicated following 

transposition. However, after transposition into the TGGAC target, the left terminus of 

1S801 was preceded by the pentamer TGAAC, suggesting that the target site is not 
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duplicated by filling in single-stranded gaps as suggested for other transposable 

elements (Kleckner, 1981). A model in which one of the terminal pentamers is carried 

along with the incoming element, proposed as one possible mechanism for transposition 

of Tn554 in Staphylococcus aureus (Murphy and Lofdahl, 1984), may be more 

applicable. However, unlike target regions for Tn554 insertion (Murphy and Lofdahl, 

1984), the areas flanking the targets of the two 1S801 insertions in sacB show no 

similarity. Furthermore, unlike Tn1545 (Caillaud and Courvalin, 1987), neither end of 

IS801 has homology with the target sites. Whether 1S801 has a free circular 

intermediate as proposed for Tn916 (Caparon and Scott, 1989) and Tn1545 (Poyart-

Salmeron et al., 1989) is not known. Moreover, the ORF of 1S801 does not contain the 

histidyl-arginyl-tyrosyl motif observed in the integrase-related recombinases (Argos et 

al., 1986). 1S801 insertion at different sites within a short segment of DNA, the absence 

of shared sequences between 1S801 termini and the target areas, and a high copy number 

of this element in pMMC7105 (Romantschuk et al., 1990) suggest a limited target-site 

specificity for 1S801. 

The biological function of 1S801 is unknown. Two copies of 1S801 in 

pMMC7105 provided sites for recombination resulting in the imprecise excision of 

pMMC7105 from the chromosome and the formation of excision plasmid pEXC8080 

(Poplawsky and Mills, 1987). The occurrence of 1S801 in other pathovars of P. 

syringae (Romantschuk et al., 1990) suggests that it could play a role in generating 

mutations through transposition or induce genetic variation via homologous 

recombination between copies of the element. 

Experimental procedures 

Bacterial strains, plasmids, growth media and matings. P. syringae pv. phaseolicola 

LR700 (pMMC7105) (Curia le and Mills, 1982) and its derivative, LR781 
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(Mukhopadhyay et al., 1988), were used in this study. pUCD800 was used as a capture 

plasmid for transposable elements in LR781 as described by Gay et al. (1985). Plasmids 

pUC18 and pUC19 (Vieira and Messing, 1982) and phage vectors M13mp18 and mpl9 

(Yanisch-Perron et al., 1985) were used for cloning and sequencing and were 

propagated in Escherichia coli DH5a and JM109. E. coli and P. syringae pv. 

phaseolicola strains were grown at 37°C and 28°C, respectively. 

Luria-Bertani broth (LB) was used to grow E. coli (Maniatis et al., 1982), 

whereas P. syringae pv. phaseolicola was grown in MaNY medium (Curia le and Mills, 

1982). Sucrose-resistant colonies were selected on MaNY agar plates (Curia le and 

Mills, 1977) supplemented with 5% sucrose. Fluorescent pigment produced by P. 

syringae phaseolicola was assayed on King's medium B (King et al., 1954). When 

required, ampicillin (150 mg m1-1) or kanamycin (50 mg m1-1) was added to the medium. 

Triparental matings were performed as described by Poplawsky and Mills (1987), but 

using plasmid pRK2013 in E. coli HB101 as the conjugation helper plasmid (Ditta et 

al., 1980). 

DNA manipulations and sequencing. Plasmids were isolated from E. coli by an 

alkaline lysis method (Maniatis et al., 1982), and from Pseudomonas as described by 

Curia le and Mills (1977). Restriction enzymes, T4 ligase, Klenow fragment, 

exonuclease III, and mung bean nuclease were used as recommended by the 

manufacturers. Digested plasmids were analysed in agarose gels (Maniatis et al., 1982) 

and the DNA was transferred to nylon membranes by the method of Southern (1975). 

Probes were labelled with [a -32P] -dCTP by the random-primer method (Feinberg and 

Vogelstein, 1983) and hybridizations were carried out in 50% formamide buffer 

(Maniatis et al., 1982) at 42°C. 

DNA fragments containing putative transposable elements were recovered from 

low melting temperature agarose by freezing and thawing twice, and thiswas followed 
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by phenol-chloroform extractions and ethanol precipitation in the presence of 2M 

ammonium acetate. A nested set of subclones was constructed of fragments in 

Ml3mpl8 and mp 19 by the procedure of Henikoff (1984) and the sequence of 1S801 

was determined by the dideoxy method (Sanger et al., 1977) using Sequenase (United 

States Biochemical) and [35S]-dATP (New England Nuclear). The nucleotide sequence 

and the deduced amino acid sequences were analysed with the PC/Gene program 

package (Genofit SA). 
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APPENDIX B. BLAST SEARCH RESULTS: HOMOLOGIES BETWEEN 1S801  
AND OTHER TRANSPOSABLE ELEMENTS, AND AVIRULENCE LOCI IN  

PSEUDOMONAS SYRINGAE PATHOVARS.  

National Center for Biotechnology Information (NCBI)  

Experimental GENINFO(R) BLAST Network Service (Blaster)  

Mon Feb 27 15:08:20 EST 1995, Up 12 days, 25 mins, load: 10.09, 10.60, 10.47  

NUCLEOTIDE SEQUENCE DATABASES  
nr Non-redundant PDB+GBUpdate+GenBank+EmblUpdate+EMBL, updated daily  

for efficient, complete searches of the four component databases:  
pdb	 Brookhaven Protein Data Bank, April 1994 Release  
genbank GenBank(R) Release 87.0 (no daily updates), February 15, 1995  
gbupdate	 GenBank(R) cumulative daily updates to the major release  
embl	 EMBL Data Library, Release 41.0, December 1994  
emblu	 EMBL Data Library cumulative daily updates to the major release  

The help document for the BLAST E-mail server was last modified January 25th  
Instructions for submitting data to GenBank are contained within.  

BLASTN 1.4.7MP [16-Oct-94] [Build 11:28:26 Jan 20 1995]  

Reference: Altschul, Stephen F., Warren Gish, Webb Miller, Eugene W. Myers,  
and David J. Lipman (1990). Basic local alignment search tool. J. Mol. Biol.  
215:403-10.  

Notice: this program and its default parameter settings are optimized to find  
nearly identical sequences rapidly. To identify weak similarities encoded in  
nucleic acid, use BLASTX, TBLASTN or TBLASTX.  

Query= pseis801., 1517 bases, 3908 checksum.  
(1517 letters)  

Database:	 Non-redundant PDB+GBupdate+GenBank+EMBLupdate+EMBL  
298,361 sequences; 258,870,705 total letters.  

Smallest  
Sum  

High Probability  
Sequences producing High-scoring Segment Pairs: Score P(N)  

embIX57269IPSIS801 P.syringae DNA for IS801 insertion s... 7585 0.0 1  
emblx824301Ec181294 E.coli transposable element 181294 1834 1.8e-161 2  
emblx63466IPSPREP P.syringae plasmid consensus DNA rep... 741 3.9e-68 2  
gbIM21965IPSEAVRB P.syringae avirulence protein (avrB)... 355 2.0e-51 3  
embIX17114IECIS91TP E.coli DNA sequence of IS91 for trap... 359 6.9e-26 2  
gbIL27423IECOTSH Escherichia coli tsh gene, complete ... 288 3.4e-13 1  
gbII05198II05198 Sequence 4 from patent EP 0248984. >... 275 3.9e-12 1  
gbIU103771PSU10377 Pseudomonas syringae pv. phaseolicol... 245 1.2e-09 1  
gbIM15194IPSEAVRA P.syringae antivirulence A (avrA) ge... 167 6.4e-06 2  
gbIM35373IPSEIAAL P.syringae IAA-lysine synthetase (ia... 148 0.15  1  
emblX00912IECTRNAP E. coli pheU gene for tRNA-PHE 136 0.72  1  
dbjID114441RATGROO Rat mRNA for gro, complete cds. >emb... 131 0.98  1  
gbIM86536IRATRMRSA Rat KC protein mRNA, complete cds. 131 0.98 1  
gbIU12007ISLU12007 Streptomyces lividans 1326 ATP bindi... 130 0.993  1  
gbIM37518ICHKPGRRA Chicken progesterone receptor mRNA, ... 130 0.994 1  
emblY00092IGGPGR Chicken mRNA for progesterone receptor 130 0.994  1  
gbIM362921EUBBAIOA Eubacterium sp. bile acid-inducible ... 130 0.994 1  
gbIM31104ICHKPGRE1E1 Chicken progesterone receptor gene, ... 130 0.994 1  
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LOCUS PSPREP 498 by DNA BCT 25-OCT-1994  

DEFINITION P.syringae plasmid consensus DNA repeat, flanking IAA region.  

ACCESSION X63466  

KEYWORDS deletion terminus; flanking repeat; IAA region.  

SOURCE Pseudomonas syringae.  

ORGANISM	 Pseudomonas syringae Prokaryota; Bacteria; Gracilicutes; Scotobacteria;  

Aerobic rods and cocci; Pseudomonadaceae.  

REFERENCE 1 (bases 1 to 498)  

AUTHORS Soby,S.D.  

TITLE Direct Submission  

JOURNAL Submitted (10-DEC-1991) to the EMBL/GenBank/DDBJ databases. S.D.  

Soby,John Innes Institute, Colney Lane/ Norwich  

NR4 7UH, UK  

STANDARD full automatic  

REFERENCE 2 (bases 1 to 498)  

AUTHORS Soby,S., Kirkpatrick,B. and Kosuge,T.  

TITLE Characterization of high-frequency deletions in the iaa-containing  

plasmid, pIAA2, of Pseudomonas syringae pv. savastanoi.'  

JOURNAL Mol. Plant Microbe Interact. (1991) In press  

STANDARD full automatic  

COMMENT NCBI gi: 45875  

FEATURES Location/Qualifiers  

source	 1. .498  

/organism="Pseudomonas syringae"  

/plasmid="Plasmid"  

/strain="ssp. savastanol, PB213  

repeat_region 227. .498 

/rpt_type=FLANKING 

BASE COUNT 126 a 95 c 142 q 135 t 

ORIGIN 

X63466 Length: 498 July 9, 1995 23:23 Type: N Check: 1533  

1 GAATTCAAGG ATATGAATGT ACAAAGTCAG CATCTGAGTG TCAGTTCGTT 

51 CCGCTGCGGC TAAACGAGGA CTGATGIOTT TATOC4TOW.GATTTTA4GA -- 83% identity with 

101LT,Qrsib=r.iLltlizianzgiezitgAziaitracataTg!i 1445-1517(-) of IS801 

15*°C°"4P;0"*9*q°474°2}I7TFttM1'f* 
201iAGCGGT6dA0;',GTGoMkGGCVtGoACTtATOAAOCAGC*F4COOTGWVA, ----90% identity with  

::...  VMVINARIteftffV,c.:::::.:5:i.::...:  
251 :::AGCAGGcrgqiAT94W.Mkig.14c9c/9PA8mg2kEte-w%RAi 38-214(-) of 1S801  

306kTGT216611GCTAAGGdT%TtoCATAATG GCTG-GTAATA AACCTGCTGC  

351 TATTAAGGCC GAATTGAGTC TGCATGGGGC TGTTTTTGAA AGCTGCGGTA  

401 ATACTCTTCT TTTGAATACG TGGAAAAGCC TGTCGGGGCA GCTTCAGCTA  

451 TATTGGTCTG TACATCAAGA AAGTCATGGT CGCGCCGGGG CCAAGCTT  
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LOCUS	 PSEAVRB 2271 by ds-DNA BCT 15-JUN-1989  
DEFINITION P.syringae avirulence protein (avrB) gene, complete cds.  
ACCESSION M21965  

KEYWORDS avirulence protein.  

SOURCE Pseudomonas syringae (pv. glycinea, strain race 4) DNA, clone  
pPSG0002.  

ORGANISM Pseudomonas syringae Prokaryotae; Gracilicutes; Scotobacteria;  

Pseudomonadaceae.  

REFERENCE 1 (bases 1 to 2271)  

AUTHORS Tamaki,S., Dahlbeck,D., Staskawicz,B. and Keen,N.T.  
TITLE Characterization and expression of two avirulence genes cloned  

from Pseudomonas syringae pv. glycinea  

JOURNAL J. Bacteriol. 170, 4846-4854 (1988)  

STANDARD full automatic  

COMMENT	 Draft entry and computer-readable sequence for [1] kindly provided  
by N.Keen, 12-JAN-1989.  

NCBI gi: 151050  

FEATURES Location/Qualifiers  

source 1. .2271  

/organism="Pseudomonas syringae"  
CDS 477. .1442  

/note="avirulence protein avrB; NCBI gi: 151051"  

/codon_start =l  

/translation="MGCVSSKSTTVLSPQTSFNEASRTSFRALPGPSQRQLEVYDQCL  

IGAARWPDDSSKSNTPENRAYCQSMYNSIRSAGDEISRGGITSFEELWGRATEWRLSK  

LQRGEPLYSAFASERTSDTDAVTPLVKPYKSVLARVVDHEDAHDEIMQDNLFGDLNVK  

VYRQTAYLHGNVIPLNTFRVATDTEYLRDRVAHLRTELGAKALKQHLQRYNPDRIDHT  

NASYLPIIKDHLNDLYRQAISSDLSQAELISLIARTHWWAASAMPDQRGSAAKAEFAA  

RAIASAHGIELPPFRNGNVSDIEAMLSGEEEFVEKYRSLLDSDCF"  
BASE COUNT 578 a 569 c 590 g 534 t  

ORIGIN 5 by upstream of PstI site.  

M21965 Length: 2271 July 9, 1995 23:25 Type: N Check: 735  

94% identity with  
1 CTGCAGCTGT TGCACAGGTA TTTGACGTGC GGGCAGCTCT GGTTGCCGCA  277-343(-) of 15801  

51 GGTGTAGTGT TTGACIGCCI AGGATCGAGG TGCCGCAGGC CAGCATTTTG 4-93% identity with  
101 GTGACGGACT CCACTTCGAT GTCGCGTAAG CCGCCCTCCT CAAGIOICTACG 202-281(-) of IS801  
151 CGATCGTAAG AACGGGCGAT TTGCAGCCGC AGGCTGCCCT GTTCATGACC  
201  AACATCGGTA TGGCGGTGAT GCCGTACAGG CCGGCTTTAT GGGCCTAGTT  41_ 100% identity with  
251 AACAACAGCT TGTCGCACGG AAGGGTTTCT TGAGGCGCAG TTATCGATGT 1-51(-) of IS801 
301 AACCCCGGCG GCATAGTCAA TTGCCAATTT TTGGGCACTC ACGTGGAACC 
351 TAATTCAGGG TAAATGCCAC ACAGCTCAAG CAAACTACAC AGCACAACAT 
401 ATTAGCGTTT ATGTGGTGGT TTAACATACT TAAGTGTGTT GGCATTTAAT 
451 GTACAGCCAA AACGAGGTAA TTATTCFAG GCTGCGTCTC GTCAAAAAGC CDS 
501 ACCACAGTGC TTTCTCCACA GACATCTTTT AATGAAGCCT CCCGTACGTC 

551 TTTCAGAGCA CTCCCCGGCC CATCGCAAAG ACAATTGGAG GTCTATGATC 

601 AATGCTTAAT TGGTGCAGCG CGCTGGCCTG ACGATTCCAG TAAGTCGAAT 

651 ACGCCTGAAA ACAGGGCATA TTGTCAGAGC ATGTACAACT CAATTCGCTC 

701 TGCTGGAGAT GAAATTTCCA GAGGTGGAAT CACATCTTTT GAGGAACTAT 

751 GGGGGCGCGC AACTGAATGG CGACTTTCAA AGTTGCAGAG AGGAGAGCCG 

801 TTATACTCTG CATTCGCCTC CGAAAGGACG TCCGATACAG ACGCAGTAAC 

851 CCCTCTGGTC AAACCTTACA AGTCTGTCCT TGCCAGAGTC GTTGATCACG 

901 AGGATGCCCA CGATGAAATA ATGCAGGACA ATTTGTTTGG CGATCTGAAT 
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951 GTTAAAGTAT ATCGCCAAAC AGCATACCTC CATGGAAATG TTATTCCACT  

1001 TAACACTTTT CGCGTCGCGA CAGATACTGA ATATCTGAGA GATCGAGTAG  

1051 CGCATCTGAG AACAGAGTTG GGCGCAA-AG CTCTTAAACA GCATTTGCAG  

1101 AGATACAATC CTGATAGAAT AGACCATACG AACGCTTCCT ATTTACCCAT  

1151 AATAAAAGAT CATTTAAATG ATCTTTACAG ACAAGCAATA TCTTCCGATT  

1201 TAAGCCAAGC CGAATTGATA AGCCTGATAG CCCGTACCCA TTGGTGGGCT  

1251 GCGAGTGCAA TGCCTGACCA AAGAGGTAGT GCTGCTAAGG CCGAGTTTGC  

1301 AGCTAGAGCC ATAGCTAGCG CACATGGTAT AGAGCTCCCG CCTTTTCGAA  

1351 ATGGTAACGT TTCGGATATA GAAGCGATGC TCAGCGGAGA GGAGGAATTC  

1401 GTAGAAAAAT ACAGAAGCTT GCTAGATTCT GATTGCTTTTAATGTATAG 
1451 GACCCTCATA GTTTCCATAC AGAGCAATCG GCCCCAAATA GGCACCCTCT  

1501 GCGTGATGCC GATGCGGCGT TGAGGCTGGG GAAACGCTTT TTTCCACGTA  

1551 AGCGTCCGGC CAAGTCCCCT TCCGAAACTT GATGCCCATT CAGCCGGTGA  

1601 GTTCAGGTCG CGGAGGGTGC TGGGCCGGTG GTATCCGGAG TTGAAGCCGA  

1651 CGGCAACGCA CTGTTCAATA TCGTGCCGCC AACGATGAAG TACTTTGTGA  

1701 CGGGCAAGGT GGGTTGTTCG AGTGAGGGCG ATCAACCTCA GGGGCGGATT  

1751 TCGCGGATTT CGACTGCGCC TGTGGAATTG CACGACCCGT ACCCGGCAAA  

1801 CCGTTGAAAG TGGCAGTGCG GGCAAGGCAG AACTTGGCAC TTGGCGCGCT  

1851 GGTACTGGAT CTTCAACAGC GCTTGCTGGC CGGTATCGGA CTCAAGCGTG  

1901 AACAGCCACT GAATGTGTTT TACTGGGTTT GGGGAGCAAT GGAACCAAAA  

1951 ACCAACGTAA GCCCTAATCT AGCTCCGGTC ATAGATCGTC GTCTGGATTA  

2001 CGTAGGGGCA GCAGCTCACC TCGGGCGACC TCATCCGGTA CCGCGAAGGA  

2051 GTACCGCCCC AGCACAAGTC GCCGAGCTTT TTGATCGATG ATCTGTCCGA  

2101 TCACCCCACC TTGGAGTTGG TATCCTATGA CACTCTTTGA ATACACCCAG  

2151 ACCTTCGTCC CACTCCATGA TCTTCGATCC ACAGACAATA ACGCTCCAAG  

2201 CCGCGAATGA ACTCAGCGGA GCCATAAATC CGGCGAATAA ATCGGCCTTG  

2251 CTGCGCAGGT GTCAGCTGCA G  
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LOCUS	 PSEIAAL 2766 by ds-DNA BCT 15-SEP-1990  
DEFINITION P.syringae IAA-lysine synthetase (iaaL) gene, complete cds.  
ACCESSION M35373  

KEYWORDS IAA-lysine synthetase.  

SOURCE P.syringae savastanoi DNA.  

ORGANISM	 Pseudomonas syringae Prokaryotae; Gracilicutes; Scotobacteria;  

Pseudomonadaceae.  

REFERENCE 1 (bases 1 to 2766)  

AUTHORS Roberto,F.F., Klee,H.J., White,F., Nordeen,R. and Kosuge,T.  
TITLE Expression and fine structure of the gene encoding  

N-epsilon-(indole-3-acetyl) -L-lysine synthetase from Pseudomonas  

savastanoi  

JOURNAL Proc. Natl. Acad. Sci. U.S.Ao 87, 5797-5801 (1990)  

STANDARD full automatic  

COMMENT	 Draft entry and computer-readable sequence for [1) kindly submitted by  

H.J.Klee, 20-JUN-1990.  

NCBI gi: 151286  

FEATURES Location/Qualifiers  

source 1. .2766  

/organism="Pseudomonas syringae"  

CDS 95. .1003  

/note="ORF1; NCBI gi: 151287'  

/codon_start =l  

/translation="MRADPAQCRLRQTGDVDPADGDGRRCHRRSPAYCGVRSGPGGCR  

HRYLISSLVSACLGFYYVHRVAHLTCRVSLKNLSGDIRNIGRTALPAVIGNLATPVGM  

AYVMAAMAPFGSQALATIGVIDRVIQVAFCVVFALPGALIPILGQNLGAMNTARVSQA  

IKMTYGLLIGYGSVTSLLLILLAEPLASLFHLAAERQVVFFAFCRWGGALDAHRAAIH  

CHLSLPQYGATGVRHTVRLVPRHLGTMPFVWYGAHKFGSVGVMLGQLLGNTIVAFCAC  
VARASAHEKDVGHRDPFNREPIPPQE"  

CDS	 1100. .2287  

/note="IAA-lysine synthetase (iaaL); NCBI gi: 151288"  

/codon_start =l  

/translation="MTAYDMEKEWSRISITAAKIHQNNDFEGFTYQDFRTHVPIMDKD  

GFAAQTERCLERNERNCLIGFTSGTSGNIKRCYYYYDCEVDEDSSLSNVFRSNGFILP  

GDRCANLFTINLFSALNNTITMMAGNCGAHVVSVGDITLVTKSHFEALNSIKLNVLLG  

VPSTILQFINAMQHNGVHINIEKVVFTGESLKTFQKKIIRQAFGEQVSIVGVYGSSEG  

GILGFTNSPCHTEYEFLSDKYFIEKEGDSILITSLTRENFTPLLRYRLGDTATLSMKG  

DKLYLTDIQREDMSFNFMGNLIGLGIIQQTIKQTLGRSLEIQVHLSVTEERKELVTVF  

VQASEVDEDERVRIETAIADIPDIKEAYQKNQGTVSVLRKDARDYAVSERGKMLYIID  
RRN"  

BASE COUNT 637 a 760 c 754 g 615 t  

ORIGIN  

M35373 Length: 2766 July 9, 1995 23:31 Type: N Check: 1531  

1 GAATTCCATA GCGTGCGGGG CTTGGAGGAG CGCCGCGGCC TGAGTATCTG  

51 TGGCTAACCC TTGCGGCTTC GGTGCTGGTC GCTGTCGAGC Acc06T H>cms  
101 GCAGATCCTG CGCAGTGCAG GCTTCGGCAA ACAGGCGATG TGGACCCTGC  

151 TGACGGGGAC GGCCGCCGTT GCCATCGCAG ATCCCCTGCT TATTGTGGCG  

201 TTCGATCTGG GCCTGGTGGG TGCCGGCATC GCTACCTGAT ATCGAGCCTG  

251 GTATCGGCCT GTCTGGGGTT TTACTACGTT CACCGAGTCG CCCATCTGAC  
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301 CTGTCGGGTC AGCCTGAAGA ACCTGTCAGG TGACATCAGA AATATCGGGC  

351 GAACCGCCTT GCCAGCGGTG ATTGGCAACC TGGCAACTCC AGTGGGCATG  

401 GCCTACGTAA TGGCTGCGAT GGCGCCGTTC GGATCTCAGG CGCTGGCGAC  

451 TATCGGGGTG ATCGACAGGG TCATTCAGGT TGCTTTTTGT GTCGTGTTCG  

501 CCTTGCCCGG TGCGCTGATC CCGATACTGG GGCAAAACCT GGGCGCAATG  

551 AACACTGCTC GCGTGTCTCA AGCCATAAAG ATGACGTACG GATTGTTGAT  

601 CGGCTACGGC TCAGTGACCT CGCTGTTACT CATTCTGCTC GCTGAGCCAT  

651 TAGCCAGCTT GTTTCATCTC GCCGCTGAAC GCCAAGTCGT GTTCTTCGCG  

701 TTCTGCCGAT GGGGCGGCGC TCTGGACGCT CATCGGGCTG CAATTCATTG  

751 CCACCTCAGT CTTCCTCAGT ATGGGGCGAC CGGCGTACGT CACACTGTTC  

801 GGCTGGTTCC GCGCCACCTG GGAACCATGC CGTTCGTGTG GTATGGGGCA  

851 CATAAATTTG GCAGCGTCGG GGTAATGCTC GGGCAGTTGC TGGGTAACAC  

901 CATAGTGGCC TTTTGTGCCT GCGTGGCTCG CGCATCTGCT CATGAAAAAG  

951 ATGTTGGACA TCGAGATCCA TTCAATAGGG AACCGATCCC TCCACAGGAG  

1001 TA*TGATAA TCCACGTTTT GCCCACCCTT GGCTGTCGTC AGGTGGGCAG  

1051 GATGTCCAGG ATGTCCAGGA AATCAAAAAA CGGACTATAG AGGACTCG  

1101 TGACTGCCTA CGATATGGAA AAGGAATGGA GTAGAATTTC CATTACTGCC  

1151 GCTAAAATCC ACCAGAACAA CGATTTTGAA GGATTCACTT ATCAGGACTT  

1201 CAGAACCCAC GTACCGATCA TGGACAAAGA CGGCTTCGCG GCACAGACTG  

1251 AACGCTGTCT AGAGCGCAAT GAGCGAAACT GCCTGATCGG CTTTACCAGT  

1301 GGCACCAGCG GCAACATCAA ACGCTGTTAT TACTACTACG ACTGCGAAGT  

1351 CGATGAAGAC AGCTCCCTCT CCAACGTCTT CCGCAGCAAC GGCTTTATTC  

1401 TGCCCGGTGA TCGCTGCGCC AACCTGTTCA CGATCAACCT GTTTTCTGCT  

1451 CTGAACAACA CGATTACCAT GATGGCCGGT AACTGCGGTG CTCACGTCGT  

1501 GTCCGTAGGT GACATCACCC TGGTGACCAA GAGCCATTTC GAAGCGCTTA  

1551 ACTCGATCAA GCTCAACGTA CTGCTCGGCG TGCCATCCAC TATCTTGCAG  

1601 TTCATCAATG CCATGCAACA TAACGGTGTG CACATCAATA TCGAGAAGGT  

1651 TGTCTTCACC GGCGAGAGCC TGAAAACTTT CCAGAAGAAA ATCATCAGGC  

1701 AAGCCTTTGG CGAACAAGTC TCCATCGTCG GTGTGTATGG CAGTTCCGAG  

1751 GGCGGCATTC TCGGTTTCAC CAACAGCCCT TGCCACACTG AATACGAGTT  

1801 TCTGTCCGAC AAGTATTTCA TCGAAAAAGA AGGCGACAGC ATCCTCATCA  

1851 CCTCGCTGAC CCGAGAAAAC TTTACGCCGC TGCTGAGGTA TCGCCTAGGA  

1901 GACACCGCAA CCCTTTCGAT GAAAGGCGAC AAGCTCTACC TGACAGACAT  

1951 CCAGCGGGAG GACATGAGCT TCAACTTCAT GGGCAACCTC ATCGGGCTGG  

2001 GCATCATTCA GCAAACGATT AAACAGACAC TGGGCCGATC GCTGGAAATC  

2051 CAGGTTCACC TGTCAGTGAC CGAAGAGCGC AAGGAACTGG TGACCGTTTT  

2101 CGTTCAGGCC TCTGAAGTCG ATGAAGACGA ACGCGTCAGA ATCGAAACAG  

2151 CCATCGCCGA TATCCCCGAC ATCAAAGAGG CGTATCAGAA AAACCAAGGC  

2201 ACCGTGTCGG TCCTGCGCAA GGATGCCAGA GACTACGCGG TCTCGGAGCG  

2251 AGGCAAAATG CTCTACATCA TCGACCGCCG AAACTGA TG GCTGATGTGA  

2301 ACGAGTGAGT AGCTGCACCG ACGGGGCCTT TGGCGGTGTC GGTGCAGTTT  

2351 TTTAGAGGAT TCGGAAGCGC CAGAGGTCAG AGTCCACGAA ACTGGAA*  

24011 ACTGGGCAGC CTGCGGCTGC AAATTGTGGG ATTTTGAAAT CGGTTATCAT  

2451! AGCCGAAATC GAGTCGATCC CTCCTCAGCA CAGGCTTACA CATGGCGTCA  

2501 GAGACCAAAA AACGTAAACG GGCGAGCCGG GCAAAAGCCA AGGCAAAGCA  

2551 GACCCGTCTC CAACGCGCCG GGCATACTAC CTTCGTGCCC GATACCGACT  

2601 TTTCCTTCGA TATCGATCCT TTCGGTGATG TCGATCTTTG TAGTTGCTGC  

2651 CAGACAACGT ATCTGAACGA CATGTTTCCC GACGCTTCTT GCGTAAGGCT  

2701 TTAGATGAGA GAAGGGCCAG GCGGATTCGC ATCACCGCCG TCATTCACCA  

2751 CGATGAGGAG CCGCCT  

----> CDS 

4-67% identity with 
2-72(+) of IS801  
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LOCUS PSU10377 1345 by DNA BCT 22-JUN-1994  

DEFINITION Pseudomonas syringae pv. phaseolicola 3121 plasmid avirulence  

protein (avrPphC) gene, complete cds.  

ACCESSION U10377  

KEYWORDS  

SOURCE Pseudomonas syringae.  

ORGANISM	 Pseudomonas syringae  

Eubacteria; Proteobacteria; gamma subdivision; fluorescent  

pseudomonads; Pseudomonas.  

REFERENCE 1 (bases 1 to 1345)  

AUTHORS Yucel,I., Slaymaker,D., Boyd,C., Murillo,J., Buzzell,R.I. and  

Keen,N.T.  

TITLE	 Avirulence gene avrPphC from Pseudomonas syringae pv. phaseolicola  

3121: a plasmid-born homolog of avrC that is closely linked to an  

avrD allele  

JOURNAL Mol. Plant Microbe Interact. (1994) In press  

STANDARD full automatic  

REFERENCE 2 (bases 1 to 1345)  

AUTHORS Keen,N.T.  

TITLE Direct Submission  

JOURNAL Submitted (06-JUN-1994) Noel T. Keen, Plant Pathology, University  

of California, Riverside, CA 92521 USA  

STANDARD full automatic  

COMMENT NCBI gi: 501129  

FEATURES Location/Qualifiers  

source 1. .1345  

/plasmid="unnamed"  

/organism="Pseudomonas syringae"  

/strain="pv. phaseolicola 3121"  

CDS 224. .1282  

/gene="avrPphC"  

/note="NCBI gi: 501130"  

/codon_start =l  

/product="avirulence protein"  

/translation="MGNVCFRPSRSHVSQEFSQSEFSAASPVRTSERPSDASLDAGLE  

SSSACHRSGLRGPAKHSMLSLEEIGLVGAARWPDDAPGLNISNKSNTQENYRYCESLy  

QAARIAGGSIASGRVTSFDGLWRNATKWRLSRILSGDASKIDFATVRMPNTRFVTSLR  

RPYHSVIERVRNHSDANSEIYEGEYLGGIETKVYRQHGTISSTTIPMTIVSAVADDDD  

IHERLKSLPKNERRHLKDLMAASHPNMITHTDAVYLPMIKDHLESLYLQAIDPSLEQH  

EALELIARIHWWAASAAPDRRGSAAKAEFAARSIAFAHGIELPPFEHGAVPDIEAMLR  

SEEQFVEDYPNLFERPPQ" 

BASE COUNT 381 a 301 c 324 g 339 t 

ORIGIN 

PSU10377 Length: 1345 February 27, 1995 14:30 Type: N Check: 2801  

1 AAGCTTTGAC TATTCGTGCA TGGTAGCATG TATGAAGGTA GATACTTTCT  

51 AGTCATACGA TTATCGGGCA TGACCGCTTG ATGTGTACTA CATTCGGAAA  

101 AATCAGGCGA AGTTAGGGCT TATTTCCTGT TGGAAACGCT TGCTGTACAG  

151 TTCTTCCACG TCTGCAATGC CACCTAGAAT AACAATACTT CATATTTTAT  

201 ATATATTGAA ACAGAGGTTA AAAWAGGAA ATGTTTGTTT CCGGCCTAGT CDS  
251 AGAAGCCACG TTTCGCAAGA ATTTTCTCAA TCAGAATTTT CCGCAGCCAG  

301 TCCAGTCAGG ACATCTGAAC GCCCCTCGGA TGCATCACTA GATGCTGGGC  

351 TAGAAAGCTC GAGTGCTTGT CACAGAAGCG GCCTGCGCGG TCCTGCGAAG  
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401 CATTCCATGC TCAGTTTAGA AGAAATTGGC CTAGTCGGTG CTGCGCGCTG  

451 GCCAGATGAT GCGCCGGGCT TAAATATTTC CAACAAAAGC AATACTCAAG  

501 AAAATAAG-G ATACTGTGAA AGCTTATATC AAGCAGCACG AATTGCTGGT  

551 GGCTCCATAG CGTCTGGCAG AGTTACTAGT TTCGATGGGC TTTGGCGAAA  

601 CGCAACAAAA TGGCGCTTAT CTAGAATTCT TTCGGGCGAT GCGTCAAAAA  

651 TCGACTTCGC TACTGTTCGC ATGCCCAATA CCAGATTCGT AACTTCTTTG  

701 AGGCGACCGT ATCACTCAGT AATTGAGCGA GTTAGAAATC ATTCTGATGC  

751 AAATTCGGAA ATATACGAAG GAGAATATCT AGGCGGAATT GAGACCAAGG  

801 TCTATCGTCA GCATGGCACG ATTTCAAGTA CAACTATTCC GATGACGATA  

851 GTAAGTGCAG TAGCGGATGA CGATGATATA CATGAAAGGT TAAAGAGCCT  

901 GCCAAAGAAT GAGCGGCGGC ACCTGAAAGA TTTGATGGCG GCGTCACACC  

951 CTAACATGAT CACACACACT GATGCAGTAT ATCTTCCAAT GATCAAGGAT  

1001 CATTTAGAAT CATTATATTT GCAAGCGATA GACCCTTCGC TTGAGCAGCA  

1051 CGAGGCCCTC GAGTTGATCG CTCGGATACA CTGGTGGGCT GCAAGTGCAG  

1101 CACCAGATAG GCGTGGCAGT GCTGCCAAAG CAGAGTTCGC CGCAAGATCA  

1151 ATCGCGTTCG CTCATGGTAT TGAACTACCG CCATTCGAGC ATGGTGCAGT  

1201 TCCTGATATT GAAGCAATGC TCAGATCTGA AGAGCAATTT GTAGAAGATT  

1251 ACCCTAACCT TTTTGAGCGG CCCCCTCAGTAGAACAGGG CAGCC TGGCT 4-100% identity with  
1301 ,CAAATCGCC CGTTCTTACG ATCGCGTAGC AGCAGAAACA TCGAT 18-66(+) of IS801  
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LOCUS PSPTZ 1499 by DNA BCT 12-SEP-1993 

DEFINITION P. syringae pv. savastanoi trans-zeatin producing gene (ptz) 

from pCK1 plasmid. 

ACCESSION X03679 

KEYWORDS cytokinin; inverted repeat; plasmid; trans-zeatin; zeatin. 

SOURCE Pseudomonas syringae. 

ORGANISM Pseudomonas syringae Prokaryota; Bacteria; Gracilicutes; 

Scotobacteria; Aerobic rods and cocci; Pseudomonadaceae. 

REFERENCE 1 (bases 1 to 1499) 

AUTHORS Powell,G.K. and Morris,R.O. 

TITLE Nucleotide sequence and expression of a Pseudomonas savastanoi 

cytokinin biosynthetic gene: homology with Agrobacterium 

tumefaciens tmr and tzs loci 

JOURNAL Nucleic Acids Res. 14, 2555-2565 (1986) 

STANDARD full automatic 

COMMENT Data kindly reviewed (01-OCT-1986) by R. Morris. 

NCBI gi: 45878  

FEATURES Location/Qualifiers  

source	 1. .1499  

/organism="Pseudomonas syringae"  

/strain="1006 pv. savastanoi"  

promoter 517. .521  

/note="pot. -35 region"  

promoter 523. .527  

/note="pot. -35 region"  

promoter 528. .533  

/note="pot. -35 region"  

promoter 550. .556  

/note="put. -10 region  

RBS 622. .627  

/note="put. rRNA-binding site"  

CDS 633. .1337  

/note="ptz protein (aa 1-234)i NCBI gi: 45879"  

/codon_start =l  

Itranslation="MKTYLIWGATCTGKTEHSIKLSKSTGWPVIVLDRVQCCFDIATG  

SGRPHPEELQSTRRIYLDNRRISEGVISAEEANDRLKLEVNXHIDSGGVILEGGSISL  

LKLISKDPYWCDRFIWSQHRMRLQDTDVFMDKAKARVRRMLVGSTETTGLLDELVAAQ  

SDLNAKLAIQDIDGYRYIMNYAQARRLSITQLLNVMTGDMKEELINGIALEYYEHAKW  

QERDFPAEWLAERSTR"  

misc_signal 1358. .1392  

/note="pot. transcription termination signal"  

repeat_unit 1358. .1373  

/note="imp. inverted repeat"  

repeat_unit 1376. .1392  

/note="imp. inverted repeat"  

BASE COUNT 417 a 271 c 397 g 414 t  

ORIGIN  

X03679 Length: 1499 July 9, 1995 23:35 Type: N Check: 149  

1 CTATGCAGTG CAAACGAAGC GCAAGTTGAA TGGAACGGCT GATCTTCAGT  

51 TCTCATTTAA ATAATATGCT GAGCCTGGCA GAGTTAGAAT CAACTTCTGC  

101 TTCAATCTTA TCGCCTCTGA TTACAAGGCC TCATAGGTAT ATAATTCCAG  
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151 GAACGAATAG AGGGTGATTT TGTATAAAGA CGAATGTATT AGGCAGGCAG  

201 CCTTAATATC AAGCAGGAGC GATATAATCT GCTTGTATCT GTCTCCACAT  

251 GCCAGCCGTG ACCTGGTTTT TAGAGCAGCG CAAGACACTT TAATCGCTAT  

301 GCCGATCTTG AGTAATCGGA CCTGTCTGCT TTATACTATT AGTAATTGTT  

351 TTTCGGATTG ATCACATTCT AGATCAGTGC AAACGCAAGC GCAAGTTGAA  

401 TGGAACGGTC CAGAAGAAAA GTCGAACTGT AAAAGTGGAA TGCTCTTTTC  

451 TTCTGGTTGG AGGGAAGGAG TTTCCGAGCA TGTTTCTTTA CGGTTGGCAC  

501 GGTTTGCGAG TGAATGTTGA ATTTAGTTTG GCTAGAGTTT TAGATTGGGT  

551 ATAATGTTGG GAGGGGGCAG CCAAGCTTGT GTTTCAAAAA ACGGATAGTT  

601 TTTTTGCAAA CTCGCCTGAT TAGGAGGTGC GdtAAAAT ATATTTAATA  

651 TGGGGTGCTA CTTGTACCGG AAAGACCGAG CATTCTATTA AGTTATCAAA  

701 GAGTACTGGT TGGCCAGTCA TAGTCTTGGA TAGGGTTCAG TGCTGTTTCG  

751 ATATTGCCAC AGGTAGTGGG CGGCCGCATC CTGAAGAGCT ACAATCAACG  

801 CGGCGTATAT ACTTAGATAA TCGTCGCATT TCTGAAGGGG TTATAAGTGC  

851 AGAAGAAGCT AATGACAGGC TCAAGTTGGA AGTAAATAAA CATATAGATA  

901 GTGGTGGGGT TATTCTTGAG GGGGGGTCGA TTTCGTTGTT GAAGCTTATT  

951 TCTAAAGACC CATACTGGTG CGATAGATTT ATATGGAGCC AGCATAGAAT  

1001 GAGATTGCAA GATACCGATG TATTCATGGA TAAAGCCAAA GCACGCGTTA  

1051 GGCGTATGCT TGTAGGCTCT ACAGAAACCA CGGGGTTGTT AGACGAGTTG  

1101 GTTGCGGCTC AGTCAGACCT TAATGCTAAA CTCGCTATAC AAGATATTGA  

1151 CGGATATCGA TATATTATGA ACTATGCTCA GGCGCGTCGC CTCAGTATCA  

1201 CTCAACTTCT GAATGTGATG ACTGGTGATA TGAAAGAGGA GCTCATTAAT  

1251 GGAATAGCAT TAGAATACTA TGAGCATGCT AAATGGCAAG AGCGCGATTT  

1301 CCCTGCGGAG TGGCTCGCTG AACGTAGTAC ACGGTAAGA GGATAAGACT  

1351 GCAAAGGTTC AGCATAGGAA TTTCAAAATG CCTATGCATG AAGCTGACGC  

1401 TGTGAAGGAG GCGTCATGCT TTCATCGGCA TAGG3TGCAG CCATCTGGGC  

1451 AGCCCTGCCA CACACCGGCG CACGATGTCG GCCTGGCTGG GAGCCTAGA  

CDS 

1-86% identity with  
1439-1511(-) of IS801  
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LOCUS ECOTSH 4699 by ds-DNA BCT 08-APR-1994 
DEFINITION Escherichia coli tsh gene, complete cds. 

ACCESSION L27423 

KEYWORDS 

SOURCE Escherichia coli (library: chi 7122) DNA. 

ORGANISM Escherichia coli 

Prokaryotae; Gram-negative facultatively anaerobic rods; 

Enterobacteriaceae. 

REFERENCE 1 (bases 1 to 4699) 

AUTHORS Provence,D.L. and Curtiss,R.III. 

TITLE Isolation and characterization of a gene involved in 

hemagglutination by an avian pathogenic Escherichia coli 

JOURNAL Infect. Immun. 62, 1369-1380 (1994) 

STANDARD full automatic 

COMMENT NCBI gi: 469235 

FEATURES Location/Qualifiers 

source 1. .4699 

/organism="Escherichia coli" 

/sequenced_mol="DNA" 

/tissue_lib="chi 7122" 

35_signal 271. .276 

/gene="tsh" 

/note="putative" 

10_signal 293. .297 

/gene="tsh" 

/note="putative" 

RBS 367. .371 

/gene="tsh" 

/note="location deduced from sequence homology to consensus RBS" 
CDS 381. .4514 

/gene="tsh" 

/note="NCBI gi: 469236" 

/codon_start =l 

/translation="MNRIYSLRYSAVARGFIAVSEFARKCVMKSVRRLCFPVLLLIPV 

LFSAGSLAGTVNNELGYQLFRDFAENKGMFRPGATNIAIYNKQGEFVGTLDKAAMPDF 

SAVDSEIGVATLINPQYIASVKHNGGYTNVSFGDGENRYNIVDRNNAPSLDFHAPRLD 

KLVTEVAPTAVTAQGAVAGAYLDKERYPVFYRLGSGTQYIKDSNGQLTQMGGAYSWLT 

GGTVGSLSSYQNGEMISTSSGLVFDYKLNGAMPIYGEAGDSGSPLFAFDTVQNKWVLV 

GVLTAGNGAGGRGNNWAVIPLDFIGQKFNEDNDAPVTFRTSEGGALEWSFNSSTGAGA 

LTQGTTTYAMHGQQGNDLNAGKNLIFQGQNGQINLKDSVSQGAGSLTFRDNYTVTTSN 

GSTWTGAGIVVDNGVSVNWQVNGVKGDULHKIGEGTLTVQGTGINEGGLKVGDGKVVL 

NQQADNKGQVQAFSSVNIASGRPTVVLTDERQVNPDTVSWGYRGGTLDVNGNSLTFHQ 

LKAADYGAVLANNVDKRATITLDYALRADKVALNGWSESGKGTAGNLYKYNNPYTNTT 

DYFILKQSTYGYFPTDQSSNATWEFVGHSQGDAQKLVADRFNTAGYLFHGQLKGNLNV 

DNRLPEGVTGALVMDGAADISGTFTQENGRLTLQGHPVIHAYNTQSVADKLAASGDHS 

VLTQPTSFSQEDWENRSFTFDRLSLKNTDFGLGRNATLNTTIQADNSSVTLGDSRVFI 

DKNDGQGTAFTLEEGTSVATKDADKSVFNGTVNLDNQSVLNINDIFNGGIQANNSTVN 

ISSDSAVLGNSTLTSTALNLNKGANALASQSFVSDGPVNISDAALSLNSRPDEVSHTL 

LPVYDYAGSWNLKGDDARLNVGPYSMLSGNINVQDKGTVTLGGEGELSPDLTLQNQML 

YSLFNGYRNIWSGSLNAPDATVSMTDTQWSMNGNSTAGNMKLNRTIVGFNGGTSPFTT 

LTTDNLDAVQSAFVMRTDLNKADKLVINKSATGHDNSIWVNFLKKPSNKDILDIPLVS 

APEATADNLFRASTRVVGFSDVTPILSVRKEDGKKEWVLDGYQVARNDGQGKAAATFM 

HISYNNFITEVNNLNKRMGDLRDINGEAGTWVRLLNGSGSADGGFTDHYTLLQMGADR 

KHELGSMDLFTGVMATYTDTDASADLYSGKTKSWGGGFYASGLFRSGAYFDVIAKYIH 
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NENKYDLNFAGAGKQNFRSHSLYAGAEVGYRYHLTDTTFVEPQAELVWGRLQGQTFNW 

NDSGMDVSMARNSVNPLVGRTGVVSGKTFSGKDWSLTARAGLHYEFDLTDSADVHLKD 

AAGEHQINGRKDSRMLYGVGLNARFGDNTRLGLEVERSAFGKYNTDDAINANIRYSF" 
terminator 4521. .4555 

/gene="tsh" 

/note="location deduced from inverted repeat structure" 
BASE COUNT 1219 a 1054 c 1282 g 1144 t 

ORIGIN 

L27423 Length: 4699 July 9, 1995 23:37 Type: N Check: 2327  

1 CGAATGGGAT TACGCCCGTC AGCCATCAGC CGGCTGGAAA GTAATCCTTA  

51 TCAGACTGAT ATCCCGCGCG TTTTTCTTCA GCCCGTCCAC ATTCAGCCCC 63% identity with 
101 GCTATGGCAC GCCGGTATAC CATTCGGCCG CCACACAGCA CGCATTCGAG 1148-1318(-) of 15801 
151 CGGGTCACGA CTCAGGAACT GTTTCACCAT TTGTGCATAG CACACATTCG 

201 CCACCGGTTC TGGCATACTT TATGTGCAGG CATAACGGTG CTCTCCCTGA 

251 ATTTGTGAAA GAATCAGTAG TTCACATCAC GCTATGCCTG TCTCCTTTTT 

301 CTGGGGATTC CTCAGGATGA TGGTGATTAT CCGTTATGCC TGAGTAGTAC 

351 TGATTTTATT TTTCTCAGGA GTAATTAAAAna.AACAGAA TTTATTCTCT CDS 
401 TCGCTACAGC GCTGTGGCCC GGGGCTTTAT TGCCGTATCT GAGTTTGCCA 

451 GGAAATGTGT TCATAAGTCT GTCAGACGTC TGTGTTTCCC GGTTTTATTA 

501 CTGATCCCGG TACTATTCTC TGCAGGAAGT CTTGCGGGAA CGGTCAATAA 

551 TGAACTCGGG TATCAGTTAT TTCGTGATTT TGCTGAAAAT AAGGGGATGT 

601 TCCGCCCGGG GGCAACGAAT ATCGCTATTT ATAATAAGCA GGGAGAATTT 

651 GTCGGTACGC TGGATAAGGC AGCTATGCCT GATTTCAGTG CTGTGGATTC 

701 GGAAATCGGT GTGGCGACAC TGATAAACCC GCAGTATATC GCCAGCGTGA 

751 AACATAACGG GGGATATACA AACGTTAGCT TTGGTGAAGG TGAAAACCGT  

801 TACAATATCG TGGACCGGAA TAATGCGCCG TCACTGGATT TTCATGCCCC  

851 CCGGCTGGAT AAACTGGTGA CAGAGGTTGC CCCTACTGCG GTGACGGCGC  

901 AGGGGGCAGT GGCTGGCGCA TATCTGGATA AGGAGCGCTA TCCTGTTTTT  

951 TATCGTCTGG GGTCTGGTAC TCAGTATATT AAGGACAGTA ACGGACAGCT  

1001 GACACAAATG GGAGGTGCAT ATTCCTGGCT GACCGGCGGG ACTGTCGGTA  

1051 GCCTGTCATC CTATCAGAAT GGAGAAATGA TTAGCACCAG TTCAGGTCTG  

1101 GTTTTTGATT ACAAACTTAA TGGTGCAATG CCCATTTATG GCGAGGCCGG  

1151 TGACAGCGGT TCGCCTTTAT TTGCTTTTGA TACTGTTCAG AATAAATGGG  

1201 TGCTGGTCGG TGTTCTTACT GCGGGGAATG GCGCGGGGGG CAGGGGAAAT  

1251 AACTGGGCTG TTATTCCACT GGATTTTATC GGGCAGAAAT TTAATGAAGA  

1301 CAATGATGCC CCGGTCACGT TCAGAACATC GGAAGGTGGT GCACTGGAGT  

1351 GGAGCTTTAA CAGCAGTACC GGAGCTGGTG CGCTGACACA GGGAACCACC  

1401 ACATATGCCA TGCACGGGCA C,CAGGGAAAT GACCTGAATG CTGGTAAGAA  

1451 CCTGATATTT CAGGGGCAGA ATGGTCAGAT TAACCTTAAG GATTCGGTTT  

1501 CTCAGGCCCC GGGTTCCCTG ACGTTCCGTG ATAATTACAC AGTAACAACC  

1551 TCTAACGGAA GTACCTGGAC CGGTGCCGGT ATTGTTGTGG ACAACGGGGT  

1601 GTCCGTAAAC TGGCAGGTTA ATGGTGTTAA GGGCGATAAC CTGCATAAAA  

1651 TTGGTGAAGG TACGCTGACG GTACAGGGTA CAGGTATTAA TGAAGGTGGC  

1701 CTGAAGGTCG GGGACGGAAA GGTTGTACTG AACCAGCAGG CGGACAATAA  

1751 AGGACAGGTG CAGGCGTTCA GCAGTGTTAA TATTGCCAGT GGCCGGCCGA  

1801 CCGTGGTACT GACTGATGAG CGGCAGGTAA ATCCGGATAC CGTCTCATGG  

1851 GGATATCGTG GGGGCACACT GGATGTTAAT GGTAACAGTC TGACGTTTCA  

1901 TCAGTTGAAG GCGGCAGATT ATGGTGCCGT GCTGGCGAAT AACGTTGATA  

1951 AACGGGCCAC TATCACGCTG GACTATGCCC TGCGGGCTGA CAAAGTAGCA  

2001 CTGAATGGCT GGTCGGAATC AGGTAAAGGA ACTGCCGGAA ATTTATATAA  

2051 ATACAATAAC CCGTACACAA ATACGACGGA TTACTTCATC CTGAAGCAGA  
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2101 GCACCTATGG TTATTTCCCC ACGGACCAGA GCAGCAACGC CACCTGGGAG  

2151 TTTGTGGGGC ACAGTCAGGG GGATGCACAG AAACTGGTAG CTGACCGTTT  

2201 CAATACTGCA GGGTATCTGT TTCACGGACA ACTGAAAGGC AATCTGAATG  

2251 TGGACAATCG CCTGCCTGAA GGCGTTACCG GTGCTCTGGT GATGGACGGA  

2301 GCTGCGGATA TCTCCGGTAC ATTCACCCAG GAAAACGGGC GTCTGACGCT  

2351 GCAGGGGCAT CCGGTTATCC ATGCATACAA TACTCAGTCT GTGGCTGACA  

2401 AACTGGCTGC CAGTGGAGAC CATTCGGTTC TGACTCAGCC TACGTCATTC  

2451 AGTCAGGAGG ACTGGGAGAA CCGCAGTTTT ACCTTTGACA GGCTGTCACT  

2501 GAAGAACACT GATTTTGGTC TTGGTCGCAA TGCCACACTG AACACAACCA  

2551 TCCAGGCAGA TAACTCCAGC GTCACGCTGG GCGACAGCCG GGTATTTATC  

2601 GACAAAAACG ATGGCCAGGG AACAGCCTTT ACCCTTGAAG AAGGCACATC  

2651 TGTTGCAACT AAAGATGCAG ATAAAAGTGT CTTCAACGGC ACCGTCAACC  

2701 TGGATAATCA GTCAGTGCTG AATATCAATG ATATATTCAA TGGCGGAATA  

2751 CAGGCGAACA ACAGTACCGT GAATATCTCC TCAGACAGTG CCGTTCTGGG  

2801 GAACTCAACA CTGACCAGTA CCGCCCTGAA TCTGAACAAG GGAGCAAATG  

2851 CTCTGGCCAG TCAGAGTTTT GTTTCTGACG GTCCAGTGAA TATTTCTGAT  

2901 GCCGCCCTGA GTCTGAACAG CCGTCCTGAT GAGGTATCTC ACACACTTTT  

2951 ACCTGTATAC GATTATGCCG GTTCATGGAA CCTGAAGGGA GACGATGCCC  

3001 GCCTGAACGT GGGGCCGTAC AGTATGTTGT CAGGTAATAT CAATGTTCAG  

3051 GATGGACGGA CTGTCACCCT CGGAGGGGAA GGGGAACTGA GTCCTGACCT  

3101 GACTCTTCAG AATCAGATGT TGTACAGCCT GTTTAACGGG TACCGCAATA  

3151 TCTGGAGCGG GAGCCTGAAT GCACCGGATG CCACCGTCAG CATGACAGAC  

3201 ACCCAGTGGT CGATGAACGG AAACTCCACG GCAGGAAATA TGAAACTTAA  

3251 CCGGACAATA GTCGGTTTTA ACGGGGGAAC ATCACCGTTC ACGACACTGA  

3301 CAACAGATAA TCTGGACGCG GTICAGTCAG CATTTGTCAT GCGTACAGAC  

3351 CTTAACAAGG CAGACAAACT GGTGATAAAC AAGTCGGCAA CAGGTCATGA  

3401 CAACAGCATC TGGGTTAACT TCCTGAAAAA ACCTTCTAAC AAGGACACGC  

3451 TTGATATTCC ACTGGTCAGC GCACCTGAAG CGACAGCTGA TAATCTGTTC  

3501 AGGGCATCAA CACGGGTTGT GGGATTCAGT GATGTCACCC CCATCCTTAG  

3551 TGTCAGAAAA GATGGACGGA AAAAAGAGTG GGTCCTCGAT GGTTACCAGG  

3601 TTGCACGTAA CGACGGCCAG GGTAAGGCTG CCGCCACATT CATGCACATC  

3651 AGCTATAACA ACTTCATCAC TGAAGTTAAC AACCTGAACA AACGCATGGG  

3701 CGATTTGAGG GATATTAATG GCGAAGCCGG TACGTGGGTG CGTCTGCTGA  

3751 ACGGTTCCGG CTCTGCTGAT GGCGGTTTCA CTGACCACTA TACCCTGCTG  

3801 CAGATGGGGG CTGACCGTAA GCACGAACTG GGAAGTATGG ACCTGTTTAC  

3851 CGGCGTGATG GCCACCTACA CTGACACAGA TGCGTCAGCA GACCTGTACA  

3901 GCGGTAAAAC AAAATCATGG GGTGGTGGTT TCTATGCCAG TGGTCTGTTC  

3951 CGGTCCGGCG CTTACTTTGA TGTGATTGCC AAATATATTC ACAATGAAAA  

4001 CAAATATGAC CTGAACTTTG CCGGAGCTGG TAAACAGAAC TTCCGCAGCC  

4051 ATTCACTGTA TGCAGGTGCA GAAGTCGGAT ACCGTTATCA TCTGACAGAT  

4101 ACGACGTTTG TTGAACCTCA GGCGGAACTG GTCTGGGGAA GACTGCAGGG  

4151 CCAAACATTT AACTGGAACG ACAGTGGAAT GGATGTCTCA ATGCGTCGTA  

4201 ACAGCGTTAA TCCTCTGGTA GGCAGAACCG GCGTTGTTTC CGGTAAAACC  

4251 TTCAGTGGTA AGGACTGGAG TCTGACAGCC CGTGCCGGCC TGCATTATGA  

4301 GTTCGATCTG ACGGACAGTG CTGACGTTCA TCTGAAGGAT GCAGCGGGAG  

4351 AACATCAGAT TAATGGCAGA AAAGACAGTC GTATGCTTTA CGGTGTGGGG  

4401 TTAAATGCCC GGTTTGGCGA CAATACGCGT TTGGGGCTGG AAGTTGAACG  

4451 CTCTGCATTT GGTAAATACA ACACAGATGA TGCGATAAAC GCTAATATTC  

4501 GTTATTCATT CUgGCTGT GCAGCAAAGG GACTATTGCT TTGTCCCTTT  

4551 GCTGCGATTA TCTGATTACG GTACAGTAGA AGAAATAATC TTTCTAACTC  

4601 CTGAACACAT CTCTGGAGAT TTATGTCAGT TTTGCAAGTG TTACATATTC  

4651 CGGACGAGCG GCTTCGCAAA GTTGCTAAAC CGGTAGAAGA AGTGAATGC  
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LOCUS  

DEFINITION  

ACCESSION  

KEYWORDS  

SOURCE  

ORGANISM  

REFERENCE  

AUTHORS  

TITLE  

JOURNAL  

STANDARD  

COMMENT  

FEATURES  

source  

CDS  

BASE COUNT  

ORIGIN  

PSEAVRA 3409 by ds-DNA BCT 15-MAR-1989  

P.syringae antivirulence A (avrA) genel complete cds.  

M15194  

avirulence gene A; avrA gene.  

P.syringae (pv. glycinea race 6) DNA.  

Pseudomonas syringae  

Prokaryotae; Gracilicutes; Scotobacteria; Pseudomonadaceae.  

1 (bases 1 to 3409)  

Napoli,C. and Staskawicz,B.  

Molecular characterization and nucleic acid sequence of an  

avirulence gene from race 6 of Pseudomonas syringae pv. glycinea  

J. Bacteriol. 169, 572-578 (1987)  

full automatic  

NCBI gi: 151048  

Location/Qualifiers  

1. .3409  

/organism="Pseudomonas syringae"  

463. .3186  

/note="avirulence A protein; NCBI gi: 151049"  

/codon_start =l  

/translation="MWNVSKSSNNLGAYKLPLEAQTPPEKISPFDAMSAAQPEGKAPH  

DQLQNDQYPIQQAEDRGRHLVEQAEIQAHVQHCHSKAPEIGDATKTQSVSEKLGTAKN  

SSCDASQILIGSKNDDFHKNKAGSNGDINKSSDPSALRCSLSPAPRRVPKSKKSYGAA  

TIGGKVYHPHEKTDSTIADFLSRSLSNNAYRSERHLRKRALAYLNHISAEKEITSNAC  

FAMKDVNSFAHKQSEWLCHLERSLWRDEPALQFHDRQQLGNEVLGLKKPDDQSPYFKP  

RAWKISDEAASAFAMMLKGESGPFTQDQVKVGFEICQEGELLAGRLKIQPRMAFRLKN  

RHDANRSGTHSVKSLSGLDLSADVGTDIREFFQVPVMSGTSGTSSDVVIAARYAAMHA  

GLKWSAPELTIDQAKHALIDLSMDFFRRNGPAVVMALRMNSLRKNQGLPYKEVDRCEV  

FTHSYAEIHGAISLTIDGVDPADKVEVKNRLYGYTLDAKATLMKIADRSIRRGVRSKV  

DIRSTSTSLQTPQLRRVLEKKKIVQKVAELYSEMGKAGNSATLKEAITKSSVRELLVN  

DKPVVSRDYALGEPLMVRSLRFSHDHEATSSFGSAGKTPAKREVDTLCDNSTAFDIVM  

TPFSVINAKAKGDTISEMXVPHRPKWKGLPSVLYKVTASVDLPEYAVARPGFGDIHSF  

NSNYAFSSEFSSVRNSLSHAEKMGFIENSLKPYIKHDPDRESFDFKHSIDELADAQCM  

LQSRKPNSTLRENEYCAKLELWDAKAIEVGMSRPVAVATLIEFNLEMLSAARYIEDEG  

YDGKLITNFLERQLSWFGQNAALNKEVTLKKLWGLPFDERKAVAEKVCEALRQGVSLC  

VYEKNVEGSRIRELSLLNFNAYDIMRGIELFLSSKLLQPPTGAGPTVKSRL"  

990 a 759 c 811 g 849 t  

M15194 Length: 3409 July 9 1995 23:27 Type: N Check: 2927 ,  

1 GGGGAATACT TCGGTAGTTT ATTCATCGCT CCAGTCCTCA CAAAGGTTGG  

51 AGTCTCCGAG AAACCCGGGG CGGTTCAGTA CGCCGAATGT CGTTCTGATG  

101 AAACCGAAAC GGCGTTGCTT GCCACACAGC AGGTTCATCT ATCCAGGAGG  

151 TCGACTCAAT GCATCGTCCT ATCACCGCAG CCTATACCAC CTCACGTCTC  

201 ATCCTAAGGA TACGTGGTTT TTCACTGACC CTAACAAGGA CCCAGATGAT  

251 GTTGTGACCT ACACCTTGGG AAAGCAATTG CAGGCTGAGG GCTTTGTGCA  
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301 CATCACGGAT GTAGTGGCGA CACTGGGTGA TGCTGAAGTT CGCTCTCAAC  

351 GTGCCGAGAT GGCCAAAGGC GTGTTCATGC ATAGG4ATA GCATTTTTGA I  

401IAATGCCTATG CATCAA4CC TTAATGTGAC TCGGTAATAC CATTAATTCT  

451 AGGATAAAAT CAIATGTGGAA CGTCAGTAAA TCAAGCAACA ACTTAGGCGC  

501 ATATAAATTG CCCTTGGAAG CGCAAACGCC GCCTGAAAAA ATTTCTCCTT  

551 TTGATGCCAT GTCCGCAGCC CAACCCGAGG GCAAGGCGCC GCACGATCAG  

601 TTGCAAAACG ATCAGTACCC TATCCAGCAA GCAGAAGACC GTGGCCGACA  

651 CCTTGTCGAG CAAGCAGAAA TCCAGGCGCA TGTTCAGCAT TGTCATTCAA  

701 AAGCTCCAGA AATAGGAGAT GCAACAAAAA CGCAATCTGT TTCCGAAAAA  

751 CTTGGCACTG CTAAAAACTC ATCATGTGAT GCATCGCAAA TTTTGATCGG  

801 CTCGAAAAAT GATGACTTTC ATAAAAATAA AGCAGGCTCT AATGGAGATA  

851 TAAATAAATC TTCAGACCCC TCGGCACTTA GATGTTCATT GTCGCCTGCT  

901 CCACGCCGCG TGCCTAAGTC AAAAAAAAGC TATGGGGCAG CAACTATTGG  

951 AGGCAAAGTT TATCATCCCC ATGAAAAAAC AGATTCAACA ATAGCCGACT  

1001 TTCTCTCACG ATCTCTGTCG AACAATGCCT ATCGTTCAGA ACGGCACCTT  

1051 CGTAAGCGTG CGCTCGCATA TCTAAACCAT ATAAGTGCCG AAAAAGAAAT  

1101 TACATCTAAT GCTTGCTTCG CAATGAAGGA TCTAAACTCA TTTGCTCATA  

1151 AACAGTCAGA ATGGCTTTGC CATTTAGAGC GCAGTCTGTG GAGAGATGAG  

1201 CCTGCACTGC AATTTCATGA CCGTCAACAG CTGGGCAACG AGGTCCTCGG  

1251 GCTCAAAAAG CCAGATGACC AATCTCCTTA TTTCAAACCA CGAGCTTGGA  

1301 AAATCTCAGA TGAGGCAGCG TCCGCTTTTG CAATGATGTT GAAAGGAGAG  

1351 TCAGGCCCTT TTACTCAAGA TCAGGTGAAA GTAGGCTTTG AAATATGTCA  

1401 AGAGGGAGAA TTGTTGGCAG GAAGGTTAAA GATACAACCA CGAATGGCAT  

1451 TTCGTTTAAA AAATCGACAT GATGCTAACC GTTCAGGAAC ACATTCAGTT  

1501 AAGAGCTTAT CAGGACTGGA CCTGTCTGCC GATGTAGGCA CCGATATCCG  

1551 GGAATTCTTT CAGGTTCCCG TTATGTCGGG AACATCAGGA ACATCGTCAG  

1601 ATGTGGTTAT CGCTGCGCGC TATGCTGCTA TGCACGCTGG TCTTAAATGG  

1651 TCGGCACCAG AGTTGACAAT CGACCAGGCA AAGCATGCCT TAATCGATTT  

1701 ATCAATGGAT TTTTTTAGGA GGAATGGCCC TGCTGTAGTA ATGGCGCTAC  

1751 GTATGAATAG CCTCCGAAAG AACCAAGGTC TTCCTTACAA GGAGGTAGAT  

1801 AGATGCGAAG TATTCACCCA TAGTTATGCT GAAATTCATG GAGCAATCTC  

1851 ATTAACTATT GATGGAGTCG ATCCGGCTGA CAAGGTAGAA GTGAAAAATC  

1901 GGCTATATGG GTACACTCTT GATGCGAAGG CAACACTCAT GAAGATAGCT  

1951 GATCGCTCTA TTCGAAGAGG CGTCCGGTCA AAGGTGGATA TAAGATCGAC  

2001 GTCCACCTCT CTCCAAACTC CGCAACTTCG ACGGGTCTTA GAAAAAAAGA  

2051 AGATAGTACA AAAAGTAGCG GAACTTTACA GCGAAATGGG CAAGGCTGGA  

2101 AATTCTGCTA CTCTCAAGGA AGCAATCACT AAGTCATCTG TTAAGGAGCT  

2151 TCTAGTAAAT GACAAGCCAG TAGTTTCTAG AGACTACGCT CTTGGAGAAC  

2201 CTTTGATGGT CCGAAGTCTG CGATTCTCTC ATGATCATGA GGCTACGAGC  

2251 AGTTTTGGAT CTGCCGGGAA AACGCCAGCA AAAAGAGAAG TTGATACGCT  

2301 TTGCGATAAT TCGACCGCAT TTGATATTGT GATGACGCCT TTTTCCGTTA  

2351 TAAATGCAAA AGCAAAAGGC GACACCATAT CTGAGATGAA AGTACCCCAT  

2401 AGGCCAAAGT GGAAAGGGTT GCCTTCAGTA TTATATAAGG TGACGGCATC  

2451 CGTTGATCTA CCCGAGTATG CCGTTGCACG ACCAGGATTT GGAGATATTC  

2501 ATTCATTCAA CTCGAACAAG GCATTTAGTT CCGAATTCTC AAGTGTCCGC  

2551 AATTCACTAA GTCATGCCGA GAAAATGGGT TTTATCGAGA ATAGTTTGAA  

2601 GCCTTACATA AAGCATGACC CGGATAGAGA GTCATTTGAT TTTAAGCACT  

2651 CTATTGATGA GTTGGCCGAC GCCCAATGCA TGCTTCAGTC AAGAAAGCCA  

2701 AACTCCACTT TGAGGCACAA CGAATATTGC GCTAAGCTGG AATTATGGGA  

2751 TGCTAAAGCT ATAGAGGTTG GGATGTCCCG CCCGGTAGCT GTAGCGACGT  

2801 TGATCGAGTT CAACCTCGAA ATGTTGTCCG CTGCGCGTTA TATTGAGGAT  

2851 GAAGGCTACG ATGGAAAATT AATCACGAAT TTTCTTGAGC GTCAATTGTC  

2901 TTGGTTTGGC CAAAATGCTG CCCTAAACAA GGAAGTTACG CTGAAAAAGC  

2951 TTTGGGGACT GCCTTTTGAT GAAAGGAAAG CAGTTGCGGA AAAGGTTTGT  

38% identity with  

1480-1510(-) of IS801  

CDS  
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3001 GAGGCATTGC GCCAAGGTGT TTCGCTTTGT GTTTATGAAA AGAACGTGGA  

3051 GGGAAGTCGA ATTCGAGAGC TGAGCCTCTT GAACTTCAAT GCCTATGACA  

3101 TAATGCGTGG AATTGAGCTT TTTCTTTCTT CCAAGCTTCT CCAACCTCCG  

3151 ACTGGAGCCG GTCCAACTGT TAAGTCCAGA CTAUGICTT ATAGGGATTG  

3201 CAAGCCGGAA TCCCAGAAAT TTCCGTCATG GGCAGGAAGC CAGTACTGGT  

3251 GCGGATTGAC GCCAAACCGT TATTTTCCGG CTGCGACGTC CC= CCCGA  

ATAGGA ATTTCAAAAT GCCTATGCAT CAA  

33514TATGGAAGOAGCGTCATGCCTTCATAGOG TAGCGGCCTG CAATCGAAAT  

3401 GGCGTCGAC  

82% identity with 1445-1478(-) of IS801  

82% identity with  

1477-1516(+) of IS801  

94% identity with  

1480-1516(-) of 15801  
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LOCUS ECIS91TP 1829 by DNA BCT 30-JUN-1993  

DEFINITION E.coli DNA sequence of IS91 for transposase  

ACCESSION X17114 S79575  

KEYWORDS insertion sequence; plasmid DNA; tnpA gene; transposase.  

SOURCE Escherichia coli.  

ORGANISM	 Escherichia coli  

Prokaryota; Bacteria; Gracilicutes; Scotobacteria; Facultatively  

anaerobic rods; Enterobacteriaceae; Escherichia.  
REFERENCE 1 (bases 1 to 1829)  

AUTHORS Mendiola,V.  

TITLE Direct Submission  

JOURNAL Submitted (06-NOV-1989) to the EMBL/GenBank/DDBJ databases.  

Mendiola M. V., Departamento Biologia Molecular, Universidad de  

Cantabria, Facultad Medicina, c/Cardenal Herrera Oria s/n, 39011  

Santander, Spain  

STANDARD full automatic  

REFERENCE 2 (bases 1 to 1829)  

AUTHORS Mendiola,M.V., Jubete,Y. and de la Cruz,F.  
TITLE DNA sequence of IS91 and identification of the transposase gene  

JOURNAL J. Bacteriol. 174, 1345-1351 (1992)  

STANDARD full automatic  

REFERENCE 3 (bases 1 to 1829)  

AUTHORS Mendiola,M.V. and de la Cruz,F.  

TITLE IS91 transposase is related to the rolling-circle-type replication  

proteins of the pUB110 family of plasmids  

JOURNAL Nucleic Acids Res. 20, 3521 (1992)  

STANDARD full automatic  

COMMENT NCBI gi: 41840  

FEATURES Location/Qualifiers  

source 1. .1829  

/organism="Escherichia coli"  

/plasmid="Plasmid pSU2911"  

source	 1. .1829  

/note="IS91"  

/insertion_seq=""  

/organism="Escherichia coli"  

-35_signal 27. .32  

-35_signal 38. .43  

-10_signal 50. .55  

-10_signal 60. .65  

RBS 79. .82  

CDS 89. .490  

/note="ORF 121; NCBI gi: 41841"  

/codon_start =l  

/translation="MARSAKPRKRKPAPQRSKLPRYVVKLBPDDFFDEEDAEVLRFDN  

FDDAVECCADLNIPFFVDAGNKKLVFWFVRVDDEGYPEIARCTEREFATILAGISAGG  

MYCPECGTVHWPDGVPPPSDASPFCRHFSAG"  

-35_signal 303. .308  

-10_signal 326. .331  

-35_signal 372. .378  

-10_signal 396. .401  

CDS 453. .1733  

/gene="tnpA(IS91)"  
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BASE COUNT  

ORIGIN  

/note="NCBI gi: 41842"  

/codon_start=1  

/product="transposase IS91"  

/translation="MLPRFADIFQQGNRWLNWLEMPEGSVRPVVTESVTKIMACOTT  

LMGYTQWCCSSPDCCHTRAVCFRORSRSCPRCOVRAGAQWIQYLLSLVPDCPWQHrVF  

TLPCQYWSLVFENRWLIARMSRIAADVILEICHQTDVEPGIFTVIHTWORDQQWRPHI  

HISTTAGGV7SORTWKNLRFYARKVMSNWRYRITRLLSRKYPELVIPDELAVEGNSKR  

DWNCFLOTRYRROWNVNISRVMDRATRIWYFOSYLKEPPVPMSRLERYAGQDEIGLR  

YNSERTKREEYLLMSGDEFICERFSWHVADROFRMVRYYGFISPVKRRLLEEVVYVITE  

TVRKTAMQIRWRGMYQRLLKVDPLKCILCOSORFTGLKRGYRLARLVLMHERLGTTA  

GVRLRAAEGKLRPFYRKRSKKPPFIPCINQCHPV"  

424 a 428 c 539 g 438 t  

boldface:  

regions of  

homology with  

ORF1 of IS801  

ECIS91TP Length: 1829 April 13, 1995 13:55 Type: N Check: 6301  

1 CGAGTAGGCA GCCTGGCGGC TGCGGCTTGT CATGGTCTGG AATTACCGTT  

51 ATAAAAAAAG ATAATGTCAT TGTCTTTCAG GTAGTTATAT GGCCCGTTCA  

101 GCTAAACCCC GTAAACGCAA ACCCGCACCA CAAAGAAGCA AACTTCCCCG  

151 CTATGTTGTG AAACTTCATC CGGATGATTT TTTTGACGAA GAAGACGCTG  

201 AAGTTCTGCG CTTTGATAAT TTTGACGATG CCGTTGAGTG CTGCGCAGAC  

251 CTGAATATTC CCTTCTTTGT GGATGCCGGA AACAAAAAGC TGGTCTTCTG  

301 GTTTGTACGT GTTGATGACG AAGGGTATCC TGAAATAGCC CGCTGCACGG  

351 AGCGGGAGTT TGCGACCATT CTTGCCGGTA TCAGCGCCGG CGGCATGTAC  

401 TGCCCGGAGT GTGGCACGGT TCACTGGCCG GACGGAGTCC CCCCGCCTTC  

451 TGATGCTTCC CCGTTTTGCC GACATTTTTC AGCAGGGTAA CCGCTGGCTT  

501 AACTGGCTGG AGAAACAGCC GGAAGGTTCA GTGCGTCCGG TGGTGACTGA  

551 GTCAGTGACA AAAATCATGG CATGCGGGAC CACGCTGATG GGCTACACGC  

601 AATGGTGCTG TTCGTCACCG GACTGTTGCC ACACCAAAAA GGTCTGCTTC  

651 CGGTGTAAAA GCCGCTCCTG TCCGCACTGC GGGGTGAAGG CTGGCGCACA  

701 GTGGATACAG TATCTGCTGA GCCTGGTCCC CGACTGCCCG TGGCAGCATA  

751 TTGTGTTCAC ACTTCCCTGC CAGTACTGGT CCCTGGTGTT CCACAACCGG  

801 TGGTTACTGG CAGAGATGAG CCGCATTGCA GCGGATGTGA TACTGGAAAT  
851 CTGCCATCAG ACAGATGTGG AGCCGGGGAT ATTCACGGTG ATCCACACAT  

901 GGGGGCGTGA CCAGCAGTGG CATCCGCATA TCCATTTATC GACAACTGCC  

951 GGTGGTGTGA CGTCGGGCCA CACCTGGAAA AATCTTCATT TTTACGCCCG  

1001 TAAGGTGATG AGCATGTGGC GTTACCGGAT AACGCGGCTA CTGTCCCGGA  

1051 AATACCCGGA GCTGGTGATA CCGGATGAAC TGGCAGTGGA AGGAAACAGC  

1101 AAACGGGACT GGAATTGCTT CCTGGACACG CATTACCGCC GCGGCTGGAA  

1151 TGTCAACATA TCCAGGGTGA TGGATAACGC CACACATGTG GCGGTGTACT  

1201 TCGGCTCTTA CCTGAAAAAG CCACCGGTGC CGATGAGTCG GCTGGAGCAT  

1251 TATGCCGGTC AGGATGAAAT CGGTCTGCGT TACAACAGTC ACCGTACAAA  

1301 ACGGGAAGAA TACCTGTTGA TGAGTGGAGA TGAGTTCATG GAAAGGTTCT  

1351 CCTGGCATGT AGCAGATAAG GGGTTCCGTA TGGTGAGGTA CTACGGTTTC  

1401 CTGAGTCCGG TGAAGCGCCG GTTACTGGAA GAAGTTGTGT ACGTCATAAC  

1451 GGAGACGGTG AGAAAAACGG CGATGCAAAT CAGGTGGAGA GGGATGTATC  

1501 AGCGGTTACT GAAGGTTGAC CCGCTGAAGT GCATTCTGTG CGGAAGTCAG  

1551 ATGCGTTTTA CGGGGCTGAA GCGGGGTTAC CGACTGGCAG AGCTGGTCCT  

1601 GATGCATGAG CGACTTGGCA CGACAGCAGG TGTGCGGCTG AGAGCCGCAG  

1651 AGGGGAAGTT GCGTCCATTT TACCGGAAAC GGAGCAAAAA ACCGCCATTC  
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1701 ATACCCTGTA TCAATCAGTG TCATCCTGTT TAATAGTCGT TTCCGCTCAT  

1751 ATGGTGCACA AGGGGTGTTG AAGAAACATC CGTTTTGTGG TGCTTTTTTA  

1801 GTCTTTTGGG GATTTAAATT CCTATCGAT  

>embiX17114IECIS91TP E.coli DNA sequence of IS91 for transposase 
Length = 1829  

Plus Strand HSPs:  

Score = 359 (99.2 bits), Expect = 6.9e-26, Sum P(2) = 6.9e-26  
Identities = 155/259 (59%), Positives = 155/259 (59%), Strand = Plus / Plus  

IS801:  414 TGCCCGACTGCCCCTGGCAGCATCTGGTGTTCACGCTGCCCGACACGCTATGGCCCCTGT 473  
1  11111111111 111111111 11111111 11 1 1 111 111 11111 Sbjct: 

1  

727 TCCCCGACTGCCCGTGGCAGCATATTGTGTTCACACTTCCCTGCCAGTACTGGTCCCTGG 786  

IS801:  474 TCTTCTACAACCGCTGGCTGCTCGATGCGCTGTTTCGGCTGGCGGCCGATAACCTGATCT 533  
111 1111111 111 11 1 1 1 1  

1 11 11 11 11 111 I ISbjct: 
1  

787 TGTTCCACAACCGGTGGTTACTGGCAGAGATGAGCCGCATTGCAGCGGATGTGATACTGG 846  

15801:  534 ACGCCGCCAAGCGGCGCGGTTTGCGCGTCGGGATTTTCGGGGCGCTGCACACCTATGGCC 593  
I  11111 11111 11 11 11111 111 11  1 1 Sbjct: 

1 1 
1  

847 AAATCTGCCATCAGACAGATGTGGAGCCGGGGATATTCACGGTGATCCACACATGGGGGC
1 

906  

IS801:  594 GGCGGCTCAACTGGCATCCCCACGTCCACCTGTCGGTGACCGCGGGCGGCCTGGATGAGC 653  
11111111 11 1111 111 11 11 11 11 11  1 Sbjct: 

1 1 1 
1  

907 GTGACCAGCAGTGGCATCCGCATATCCATTTATCGACAACTGCCGGTGGTGTGACGTCGG 966  

IS801:  654 AGGGCGTCTGGAAAAATCT 672  
1  111111111111  

Sbjct: 967 GCCACACCTGGAAAAATCT 985  

Score = 164 (45.3 bits), Expect = 6.9e-26, Sum P(2) = 6.9e-26  
Identities = 68/112 (60%), Positives = 68/112 (60%), Strand = Plus / Plus  

IS801:  832 CTGGCACATCCACTTGTCGAAGAAGACGAAAAACGGCCGAAAGACCGTCAATTACCTGGG 891  
1111 11 11 11 11 1111 1 1 1 1  

1 1 1  
1  

1 111 11 Sbjct: 
1 1  

1145 CTGGAATGTCAACATATCCAGGGTGATGGATAACGCCACACATGTGGCGGTGTACTTCGG 1204  

15801:  892 CCGCTACCTGAAAAAACCGCCCATCTCGGGCAGTCGTCTGGCGCATTACACC 943  
1  11111111111  11 11 11 11111 1111 111111 11 Sbjct: 

1  

1205 CTCTTACCTGAAAAAGCCACCGGTGCCGATGAGTCGGCTGGAGCATTATGCC 1256  
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LOCUS ECIS1294 4272 by DNA BCT 08-NOV-1994 

DEFINITION E.coli transposable element 1S1294. 

ACCESSION X82430 

KEYWORDS aminoglycoside 3'-phosphotransferase; aph gene; 

transposable elementi transposase. 

SOURCE Escherichia coli. 

ORGANISM Escherichia coli 

Prokaryota; Bacteria; Gracilicutes; Scotobacteria; Facultatively 

anaerobic rods; Enterobacteriaceae; Escherichia. 

REFERENCE 1 (bases 1 to 4272) 

AUTHORS Tavakoli,N.P., Comanducci,A., Dodd,H. and Bennett,P.M. 

TITLE pUB2380 carries a putative transposable element (151294) capable of 

mediating one-ended transposition 

JOURNAL Unpublished 

STANDARD full automatic 

REFERENCE 2 (bases 1 to 4272) 

AUTHORS Tavakoli,N. 

TITLE Direct Submission 

JOURNAL Submitted (01-NOV-1994) to the EMBL/GenBank/DDBJ databases. N.Tavakoli, 

University of Bristol, Dept of Pathology Microbiology, The Medical 

School, University Walk, Bristol BSS 1TD, UK 

STANDARD full automatic 

COMMENT NCBI gi: 572684 

FEATURES Location/Qualifiers 

source 1. .4272 

/organism="Escherichia coli" 

/strain="SE53" 

/plasmid="Plasmid pUB2380" 

/map="between plasmid coordinates 3.1 and 7.4" 

source 323. .2011 

/organism="Escherichia coli" 

/transposon="IS1294" 

CDS complement(638. .1576) 

/gene="tnp1294" 

/note="NCBI gi: 572685" 

/codon_start =l 

/product="transposase" 

/translation="MIACRTRILGVICEFOCDNPDCORVAYLINSCGSRACPSCOKKAT boldface: 
DLMTATQLNRLPDCDWVHINFTLPDTLWPVFESSRWLLNDVCRLAVENLLYAARFROL homology 
EPGIFCAIHTYGRRLNIMPHVHVSVICGGLNRHGQWICKLSFLKDAMRSRMIWNDIRQLL with ORF1 
LRAWSEGNAMPESLSHITTESQWRSLVLKSGGRYWHVYMSKRTAGGRNTARYLGRYLK of IS801 
KPPIAASRLARYNGGASLSFRYLDEXTGETATETLIQRELVARLRQIIIPERFFENVRY 
FGFLANRVCGERLFWIRALGMDKPEPORKCAMIIKW" 

CDS 2249. .3064 

/gene="APH" 

/note="NCBI gi: 572686" 

/codon_start=1 

/function="confers kanamycin resistance" 

/product="aminoglycoside 3' phosphotransferase type 1" 

/translation="MSHIQRETSCSRQRLNSNMDADLYGYKWARDNVGQSGATIYRLY 

GKPDAPELFLKHGKGSVANDVTDEMVRLNWLTEFMLLPTIKHFIRTPDDAWLLTTAIP 

GKTAFQVLEEYPDSGENIVDALAAFLRRLHSIPVCNCPFNSDRVFRLAQAQSRMNNGL 
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VDASDFDDERNGWPVEQVWKEMHKLLPFSPDSVVTHGDFSLDNLIFDEGKLIGCIDVG  

RVGIADRYQDLAILWNCLGEFSPSLQKRLFQKYGIONPEIMNKLQFHLMLDEFF" 

mist feature 3496. .4109 

/note="origin of replication region" 

BASE COUNT 988 a 1069 c 1094 g 1118 t 3 others 

ORIGIN 

ECIS1294 Length: 4272 February 27, 1995 14:21 Type: N Check: 2037 ..  

1 GACATTCTCC CTTATACTGT CATCGCTCTT TATTTTTATA TCTAAATCAT  

51 CAATTTATCT TCCGTTGGAA TCCGTGATTA TTGTTTTTTC ATCTGGAATA 

101 TTACAATATT TTTTAGCTTT TTGTTTTTAC TTGAACTCCT TGCGTTGGCT 

151 CCCAGTTCAT TTGGCAGGGA TAATGTTGTA CTTTATTCCG CTAGTTGCAT 

201 TATTTTTGTC ATGGTTGTTT TTGGATGAAC AATTCACATT CTTACAGGGG 

251 GTAGGATTTA TTGTAACTGT GCTAAGTGTA TATTTTCTTA ACAGAAAATA 

301 CTCAGAGGAG TAACATTC+ TTCACGTATA GGAAATTGAA AAACCAGTCG IS1294 
351 ATACCATTGT CCACGCCTTA TGCCACGTGA GCCTTTCTGC TTTTCCCACC 

401 ACTCCGGTGG TTTCCCTCTC TGTATGGTCG ATTTTTATAC CGTAACAGGC 

451 TGTTTTTTAT ACTTTCACCG ATTCCCGGGC ACACTTAGCC TGTGTCAGGC 

501 CGGCATATAC CTCAGTAGAC TGATATCCCG CGCGTTTTTC TTCAGCCCTG 

551 ATACATTCAG CCCCGCAATG GCCCGGCGGT ATACCATCCG GCAGCCACAC 

601 AGCACGCATT CGAACGGGTC ACGACTCAGG AACTGTTTCA CCATTTGTGC 

651 ATAGCACACT TTCGCCCTGG TTCCGGTTTA TCCATCCCCA GTGCACGGTA 

701 CACCTGCGGC AGCTTCTCTC CACACACACG GTTGGCAAGG AACCCGAAGT 

751 ACCTCACCAT CTTAAAAAAC TTCTCCGGGA TGTGCTGTTT CAGCCTCGCG 

801 ACCAGCTCAC GCTGTGTCAG CGTTTCCGTC GCCGTTTCTC CCGTTTTGTG 

851 GTCCAGGTAA CGGAAGCTCA GGCTTGCCCC TCCGTTGTAA TGAGCCAGTC 

901 GGGAAGCCGC TATTGGTGGC TTCTTCAGAT AACGACCCAG GTAGCGTGCC 

951 GTATTCCGCC CTCCGGCTGT CTTCTTCGAC ATGTACACAT GCCAGTATTT 

1001 TCCGCCGGAT TTCAGCACCA GGCTTCTCCA CTGTGATTCC GTCGTGATAT  

1051 GTGACAACGA CTCCGGCATT GCCATCCCCT CTGACCACGC TTTCAGAAGC  

1101 AGCTGCCGCA TATTCCACAT CCACCGTGAA CGCATCGCGT CTTTCAGGAA  

1151 GCTCAGCTTT TTCCACTGAC CATGCTTATT CAGACCTCCA CAGGTTACAG  

1201 ACACATGTAC ATGCGGATGC CAGTTGAGAC GACGGCCATA CGTGTGGATG  

1251 GCGCAGAAGA TACCGGGTTC CAGCCCCCGT TTTCGGGCGG CATACAGGAG  

1301 ATTCTCCACC GCCAGACGGC ACACGTCATT CAGCAGCCAG CGGTTGCTTT  

1351 CGAACACCGG CCACAGCGTG TCCGGCAGGG TGAAGACCAG ATGTACCCAG  

1401 TCGCAGTCAG GAAGACGATT CAGCTGTGTT GCTGTCCACA GGTCTGTGGC  

1451 CTTCTTTCCG CAGGACGGGC AGGCACGGCT GCCGCATGAG TTGGTCAGGT  

1501 ACTTTACGTG CTGACAGTCC GGGTTATCAC ACCCGAACTC TTTTACACCC  

1551 AGTATCCGTG TGCGGCAGGC CAGCATTTTG GTGACGGCTT CAACCTCGAT  

1601 ATCGCGCAGA CCGCCCGCAT CCAGGAAGGA CGTCCAGCAC TGGTTGGCTG  

1651 TGCAACAGAC GTTTCAGAGG GCGGGGAGTA AAACCGGACA ACATGAGGAT  

1701 GGATTAAACC CCGGTATCCT GTAGCAGGGT AAGGGCTGCT GTATCGCCAC  

1751 GGCGCTTCAG GATGGAGGTC GTCACCATCG CAGGTGGTGG GTCCATGGGT  

1801 TTGAGCATTT TCATCCAGTC CCATTCTCGT TGTGAGAGCT TCTCAGCACC  

1851 AACAGAGAGC AGAACTGTAT CGATACTTTT GCGGGTCAAC ATAAGGGGAT  

1901 GAGTCCTTAA TAAAACAGGT CCTCAGAGCA TACATATTCT GCGGGGCGTG  

1951 CGGCAACAAC AGGACGAACC GGGGCGGTTT TCAATTTGCA GCCGCCAGGC  

2001 TGCCGTGGTT liATGCCATGT TCCTCGACTA CGAAGCGGCC AAAGATTATG  

2051 CGACCCGCTC CAGGCTGGTC ACGGCGGCGA ATATCCCTTC TTTCGGAGCG  

2101 CCAGAATGAT GTTGGTCTGG CCGGATTTTC ATATAGCGGG AACGACGTTG  

2151 TGTCTCAAAA TCTCTGATGT TACATTGCAC AAGATAAAAA TATATCATCA  

2201 TGAACAATAA AACTGTCTGC TTACATAAAC AGTAATACAA GGGGTGTTAT  
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2251 GAGCCATATT CAACGGGAAA CGTCTTGCTC GAGGCAGCGA TTAAATTCCA  

2301 ACATGGATGC TGATTTATAT GGGTATAAAT GGGCTCGCGA TAATGTCGGG  

2351 CAATCAGGTG CGACAATCTA TCGATTGTAT GGGAAGCCCG ATGCGCCAGA  

2401 GTTGTTTCTG AAACATGGCA AAGGTAGCGT TGCCAATGAT GTTACAGATG  

2451 AGATGGTCAG ACTAAACTGG CTGACGGAAT TTATGCTTCT TCCGACCATC  

2501 AAGCATTTTA TCCGTACTCC TGATGATGCA TGGTTACTCA CCACTGCGAT  

2551 CCCCGGGAAA ACAGCATTCC AGGTATTAGA AGAATATCCT GATTCAGGTG  

2601 AAAATATTGT TGATGCGCTG GCAGCGTTCC TGCGCCGGTT GCATTCGATT  

2651 CCTGTTTGTA ATTGTCCTTT TAACAGCGAT CGCGTATTTC GTCTCGCTCA  

2701 GGCGCAATCA CGAATGAATA ACGGTTTGGT TGATGCGAGT GATTTTGATG  

2751 ATGAGCGTAA TGGCTGGCCT GTTGAACAAG TCTGGAAAGA AATGCATAAG  

2801 CTTTTGCCAT TCTCACCGGA TTCAGTCGTC ACTCATGGTG ATTTCTCACT  

2851 TGATAATCTT ATTTTTGACG AGGGGAAATT AATAGGTTGT ATTGATGTTG  

2901 GACGAGTCGG AATCGCAGAC CGATATCAGG ATCTTGCCAT TCTATGGAAC  

2951 TGCCTCGGTG AATTTTCTCC TTCATTACAG AAACGGCTTT TTCAAAAATA  

3001 TGGTATTGAT AATCCTGATA TGAATAAATT GCAGTTTCAT TTGATGCTCG  

3051 ATGAGTTTTT CTGATAGTTA GTCTTTAATG AATGCCGGTT GGCGCATCGG  

3101 CGGGCACCTT GCGCGCGCTG TCGCTGTTCA TGCCGCGCAG CATGTCGATG  

3151 GCATCGAGCA CACCCTTGGC GCGGGCGCAG CCCGCAATTT GAGTCACGCC  

3201 CAGGAACTGC GATCCTAGCG CGTACGTGGC ATAGCTTTCA CCGATGTGTT  

3251 GCAGGAAATC AAAGTCGGCA AGGNCCGCGC CAATGTTTCG CTTCGGTGAC  

3301 GCTGGCGGCG AAGNTGTCCC AGGGCATAAC GGCCTCGAGG ATTGCCCCCA  

3351 GCCTCCATCG ATACCGTGCC AAATGCACGT AAAAAACGGG AGCGTTTCTG  

3401 GTGTCGGAAT GTAACCAAGG GGGTCAGAGG CGCGCTAAAA CGCTCTCAGG  

3451 GGAGTCAAAT AGAGACGTTT GTAACAAAAA GATCAAAGGA TCCTCTTGAG  

3501 ATCCTTTTTT TCTGCGCGTA ATCTGCTGCC TGTAAACGAA AAAACCGCCT  

3551 TGCAGGGCGT TTGATCGAAG GTTAAGTCAG CTTGCAGACT GCTTAACCAG  

3601 GTAACTGTCT TATGCGAGAC GAGTCACCAA AATTGTTCTT CTAGTGTAGC  

3651 CGCACTCCGG CAGCCACTTC AAGTACTCTC TAAATATCTC GCACATGACT  

3701 TTTACCAATG GCTGCTGCCA GTGGCGCTTT GTGGTGTCTT TTCCGGGTTG  

3751 GACCCAAGAG AACAGTTACC GGAGAAGGCG CAGGTCGGGC TGAACGGGGG  

3801 GTTCCTGCAT ACAGCCCAGC CCGGAGCGAA CTGCCTAAGT CGCCCCGAGA  

3851 TACCAGAAGA CGTGAGCTAT GAGAAAGCGC CACGTGTCCC GTAAGGGAGA  

3901 AAGGCGGAAA AGGTATCCGG TAATCGATAT GGCGGGAACG TGGGGGCGCA  

3951 GGAGGGAGCG ATTCACCGGA AACGGTGATG ATCTTTAAGC CACGTCGGGT  

4001 TTCGCCACCG CTGGCGATTT CATGGTTGAG CCGCAAGGCT CCCACAGATG  

4051 CACCGAAAAA GTGTCTGTTT TGTGAAGTCC GTCAGGGGGG CGGAGCCTAT  

4101 GGAAAAACGT CGGCGCGGCC TTTCCCGGGT TCTGTGGATA ACAGGGTTAG  

4151 CGTTTTTGAG AAAGGAGAGT CCGCTCGCCG CAGCCGAACG ACCGAGCGTA  

4201 CGGTCAGTGA GCGAGGACGG AAGACGCCTG AACTGCATTT TCTCCTTACN  

4251 ATCTGTCGCG ATTTACACGA CA  

>emblX824301ECIS1294 E.coli transposable element IS1294  
Length = 4272  

Minus Strand HSPs:  

Score = 1834 (506.8 bits), Expect = 1.8e-161, Sum P(2) = 1.8e-161  
Identities = 642/986 (65%), Positives = 642/986 (65%), Strand = Minus / Plus  

15801: 1158 GGTCCTGGCGTCGCCATCTTCAGTGCTTCATAGACCTTTGGCAGGTACTGCCCGCAGACC 1099  
1 1 111 11 11111 111111 11 1111 11111 11 11 11 11  

Sbjct: 669 GGTTCCGGTTTATCCATCCCCAGTGCACGGTACACCTGCGGCAGCTTCTCTCCACACACA 728  
1  

1S801: 1098 CGATTGGCCAGAAAACCAAAATACCGGATCATCCGGAAATGCTTTTCCGGGATGTGCTGC 1039  
11 11111 11 11 11 11 1111 1111 111 111 11111111111111 1  

Sbjct: 729 CGGTTGGCAAGGAACCCGAAGTACCTCACCATCTTAAAAAACTTCTCCGGGATGTGCTGT 788  
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IS801:  1038 ACCACCCGGAAAAGCATGTCGGCCTGGCTCAGCGTTTCCTGCTGATAGGCCTGTGTGCGG 979  
1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 I I1 

Sbjct: 
1 I 

789 TTCAGCCTCGCGACCAGCTCACGCTGTGTCAGCGTTTCCGTCGCCGTTTCTCCCGTTTTG 848  

15801:  978 TGATCCAGGTAGGTGAACCTCAACGTGGCCCCGTTGGTGTAATGCGCCAGACGACTGCCC 919  
1 1  

11 11111111 111 1111 11111 1111111 11111 11  
Sbjct: 

11  

849 TGGTCCAGGTAACGGAAGCTCAGGCTTGCCCCTCCGTTGTAATGAGCCAGTCGGGAAGCC 908  

IS801:  918 GAGATGGGCGGTTTTTTCAGGTAGCGGCCCAGGTAATTGACGGTCTTTCGGCCGTTTTTC 859  
11 11 11 11 11111 11 11 11111111 11 11 11 11  

Sbjct: 
1 

1  

909 GCTATTGGTGGCTTCTTCAGATAACGACCCAGGTAGCGTGCCGTATTCCGCCCTCCGGCT 968  

IS801:  858 GTCTTCTTCGACAAGTGGATGTGCCAGTGCTGGCCACCAGCGGCCAGTATCAAACGGCGC 799  
1111111111111 11 1111111 11 11 111 11 1 1  

1 1  
1 

Sbjct: 
1 1  

969 GTCTTCTTCGACATGTACACATGCCAGTATTTTCCGCCGGATTTCAGCACCAGGCTTCTC 1028  

IS801:  798 CAGTCGCTTTCACAGAGGATGTGGGCCAGCGGCGGCGGCATCGTCAGTTGCGAAAGCGGC 739  
1  1 11 111 111 11 11 11 111111 1 11  1 1 1

Sbjct: 
1  

1029 CACTGTGATTCCGTCGTGATATGTGACAACGACTCCGGCATTGCCATCCCCTCTGACCAC 1088  

15801:  738 TGTCCCAGCAGGTAATCGCGCACCAGCCACATCCAGCGCCGCCGCAGGGCCTCTTTGTGG 679  
1  111 11 1 1111 111111111 11 1111 11 11111 11 

Sbjct:  1089 GCTTTCAGAAGCAGCTGCCGCATATTCCACATCCACCGTGAACGCATCGCGTCTTTCAGG 1148  

IS801:  678 AACGACAGATTTTTCCAGACGCCCTGCTCATCCAGGCCGCCCGCGGTCACCGACAGGTGG 619  
11 111 11111111 11 1111 11 111 11 11 111 11 1111 11 

Sbjct:  1149 AAGCTCAGCTTTTTCCACTGACCATGCTTATTCAGACCTCCACAGGTTACAGACACATGT 1208  

IS801:  618 ACGTGGGGATGCCAGTTGAGCCGCCGGCCATAGGTGTGCAGCGCCCCGAAAATCCCGACG 559  
11 11 11111111111111 11 11111111 11111 11 111 11 111 Sbjct: 

1 1  

1209 ACATGCGGATGCCAGTTGAGACGACGGCCATACGTGTGGATGGCGCAGAAGATACCGGGT 1268  

IS801:  558 CGCAAACCGCGCCGCTTGGCGGCGTAGATCAGGTTATCGGCCGCCAGCCGAAACAGCGCA 499  
11 11 111111 11 11 11 11 1111111 11 111 11 Sbjct: 

11 1  

1269 TCCAGCCCCCGTTTTCGGGCGGCATACAGGAGATTCTCCACCGCCAGACGGCACACGTCA 1328  

IS801:  498 TCGAGCAGCCAGCGGTTGTAGAAGAACAGGGGCCATAGCGTGTCGGGCAGCGTGAACACC 439  
1  111111111111111 11111 11111 11111111 11111 11111 111 Sbjct:  1329 TTCAGCAGCCAGCGGTTGCTTTCGAACACCGGCCACAGCGTGTCCGGCAGGGTGAAGACC 1388  

IS801:  438 AGATGCTGCCAGGGGCAGTCGGGCAGACGGTTGTTTTGCACGGTGATCCACTGGTCGGTG 379  
11111 1111 111111 11 11111 11 11  11111 1111 111 Sbjct: 

1  

1389 AGATGTACCCAGTCGCAGTCAGGAAGACGATTCAGCTGTGTTGCTGTCCACAGGTCTGTG 1448  

IS801:  378 GCCTTTTTGCCGCAGGAGGGACAGGCCCGGCAATGGCAGGTGTTGCACAGGTATTTGACG 319 
11111 11 11111111 11 11111 1111 111 1111 111111 11 111Sbjct: 

1  

1449 GCCTTCTTTCCGCAGGACGGGCAGGCACGGCTGCCGCATGAGTTGGTCAGGTACTTTACG 1508  

IS801:  318 TGCGGGCAGCTGTGGTTGCCGCAGGTGTAGTGTTTGACGCCCAGTATCGAGGTGCCGCAG 259  
1 111 111 1111 11 111 11 1 1 1 1  111111111 1111 1111 Sbjct:  1509 TGCTGACAGTCCGGGTTATCACACCCGAACTCTTTTACACCCAGTATCCGTGTGCGGCAG 1568  

IS801:  258 GCGAGCATTTTGGTGACGGTCTCGACTTCGATGTCGCGTAAGCCGCCCTCCTCGAGGAGG 199  
11 1111111111111111 11 11 11111 11111 111111 11 1111 1  1 Sbjct: 

1  

1569 GCCAGCATTTTGGTGACGGCTTCAACCTCGATATCGCGCAGACCGCCCGCATCCAGGAAG 1628  

IS801: 198 TGTGCCCAGCACTGGTTAGCGGTGAA 173  
1  111111111111 11 111  1  

Sbjct: 1629 GACGTCCAGCACTGGTTGGCTGTGCA 1654  

Score = 321 (88.7 bits), Expect = 1.8e-161, Sum P(2) = 1.8e-161  
Identities = 125/201 (62%), Positives = 125/201 (62%), Strand = Minus / Plus  

IS801:  1352 CGGACGCACCTACCCCCTGTCAGGGCTTCACGTACCTCATCTGCGCAATCGCCTGAGCGT 1293  
111 111 11 11 1111111 11 1111111 11 11 1  

1  1  
1 

Sbjct: 1111  
476 CGGGCACACTTAGCCTGTGTCAGGCCGGCATATACCTCAGTAGACTGATATCCCGCGCGT 535  

15801: 1292 TGAGGTTCAGTCCCTGCACCGTCAGCCCGCTGATTGCCGCCGTGTATACCATCCGCGCGC 1233  
1  11111 11 11 1111111 11 111 111111111111 11 Sbjct: 536 TTTTCTTCAGCCCTGATACATTCAGCCCCGCAATGGCCCGGCGGTATACCATCCGGCAGC 595  
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I S801 : 

Sbj c t : 

1232 CACACAGCACGCAGCGGAACGGATCGACGTTTAGAAAGGCTTTGGCCATCGGCGCAAAAT 1173 
1111111111111 111111 11 1 11 11 111 1111 1 111 1 

596 CACACAGCACGCATTCGAACGGGTCACGACTCAGGAACTGTTTCACCATTTGTGCATAGC 655 

I S801 : 

SbjC t : 

1172 ACAGCTTCGGTGTCGGTCCTG 1152 
111 1111 1 1 111 1 

656 ACACTTTCGCCCTGGTTCCGG 676 
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LOCUS WZU14952 5794 by DNA BCT 14-OCT-1994 
DEFINITION Weeksella zoohelcum AccI restriction endonuclease (R-AccI), AccI 

methylase (M-AccI), transposase (tnpA), and integrase (int) genes, 

complete cds. 

ACCESSION U14952 

KEYWORDS 

SOURCE Weeksella zoohelcum. 

ORGANISM Weeksella zoohelcum 

Eubacteria; Cytophagales; Weeksella. 

REFERENCE 1 (bases 1 to 5794) 

AUTHORS Brassard,S., Paquet,H. and Roy,P.H. 

TITLE Transposon-like sequence adjacent to the AccI 

restriction-modification operon 

JOURNAL Gene (1994) In press 

REFERENCE 2 (bases 1 to 5794) 

AUTHORS Roy,P.H. 

TITLE Direct Submission 

JOURNAL Submitted (20-SEP-1994) Paul H. Roy, Biochimie, Universite Laval, 

Pavillon Vachon Cite Universitaire, Quebec, Quebec, G1K 7P4, Canada 
COMMENT NCBI gi: 557883 

FEATURES Location/Qualifiers 
source 1..5794 

/organism="Weeksella zoohelcum" 
CDS 559..1659 

/gene="R-AccI" 

/note="NCBI gi: 557884" 

/codon_start =l 

/product="AccI restriction endonuclease" 

/translation="MDYYDRIRELTKNVPVELVDFEQPRDLARTPTQASSNFITNKEQ 

GDWAEDLVTRAINENSKNFVAVKYGKSDNLVAGENGFDTFYQDFQTELDTIGKRPDLL 

IFKKTDFDTTLGFDVSQIPHHQITDYVKKAIAGIEVRSSAFLIDKYEEAMQVRTQRFT 

EIAFQTRDKILAEFLDVLDHPSRSKYITLLNTLTLETISIFDFKVPGWRSNERLIEVN 

NLFKRLKVAIKEIQKRDYLSITPKVEDIKVVYKWIETFNVPHFYFQVFFDKVYGISFE 

QILTIISNSDNDGVIFSVEKDVQNQNKTTIKINSKTGYPIASKVDEPTHESIRKEMDR 

GRLLFYVTFKGGTAYLDLDNLRTILGIEEAEF" 
CDS 1659..3284 

/gene="M-AccI" 

/note="consensus motif of N6-adenine methylases, NPPY, at 

nt 2025-2036; NCBI gi: 557885" 

/codon_start=1 

/product="AccI methylase" 

/translation="MIKTTEHIVNNSIERDYSKSISLEHRKKFAQFFTPFPIAYAMAK 

WILGNKQLKTVLEPAFGLGVFSRAILSQQKEINIKGFEVDETIFENAKEYFDDFENVN 

ILLQDYMYNDWKNKYDGIICNPPYFKFHDYDNKNILKEIETNLKCKLNGFTNLYTLFL 

LKSIHQLSQNGRCAYIIPSEFLNSDYGKLVKTYLIKSKTLRHIIVIDFEENVFDDALT 

TASIILCANDNITDKVQFNNIQSLQDLSKIDEIINKYPNFLETEQTYNFSDLNPEIKW 

KAYYQKQNSIKFKNLVPFSTYAKVVRGIATGSNEYFTFNLSKAKEFNIDEQYLLPCIC 

SAKDAKTSFFTKQDFEELKKSDKSVFLFNAQNSTDKNISSYIQKGESEEINERFLTAS 

RTPWYSLENRKPAPIWVSVFNRSGLRFIRNEANISNLTSYHCIYPKQTSLFSEIDIDL 

LFAYLLTDTAKQIFEDNSRQYGNGLQKFEPNDLNKGMMLDLGLLDKQTSDEILNLYKE 

YKYLILDNKNGDEIINKIDKILTDKYSEKKHWA" 
terminator 3408..3435 
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CDS  

misc_feature  

CDS  

-10_signal  

-35_signal  

BASE COUNT  

ORIGIN  

1 TTTTGATGGA  

61 AAGGATCTTT  

121 GCAAATCCCG  

181 ACGCTCTTTT  

241 ATGGCGCTGA  

301 AAGTCTAAGT  

361 TTTATTAATT  

421 GTTcmTcGAA  

481 TCGCACAAAT  

541 GTTTCATAAT  

601 CCTGTAGAAT  

661 TCTTCAAATT  

721 GCAATTAATG  

781 GTTGCAGGAG  

841 ATAGGAAAAC  

901 TTTGATGTTA  

961 GGAATTGAAG  

1021 AGAACTCAAA  

1081 TTAGATGTTT  

1141 CTTGAAACTA  

1201 ATAGAAGTAA  

1261 GATTATCTTT  

1321 ACATTCAATG  

1381 TTTGAACAAA  

complement(join(3517..4362,4416..4736))  

/gene="tnpA"  

/note="NCBI gi: 557886" /codon_start=1  

/product="transposase"  

/translation="MSOLKTSKKQSVQPQSQPQYEVALVLNILGSKLENLELNSWQLR  

TLFALKKCRTSALGGHIDACDECONVSISYNSCRNRHCPRCQGKICREQWIENRETELL boldface:  

PVPYFRVVFTLPDVLNKTALHEPICHLYDFLFESAWETLQTFGENRGLENGMIAVLIFFV7 regions of  

GONLSLEPELSCIVPOGGVDESGRWRNLRSDOKFLFPVKALSKVFRAKFCEKLKDKNL homology with  

KEYTKIRQNLWEKPWVVYAKKPFGSPICSVVEYLGRYTRICIAISNORIRKIDAKTVTFS ORF1 of IS801  

YKDYROKGIKKOMVMSHEEFIRRFAMHILPKRFVRIRHYGFLSSTWRRIKLENLOOKL  

GIQPICENVPPKVFQPKCSCCKVONLVTIATFDLROPPQWFLEMSQNLSAPKSAF"  

4363.. 4415  

/note="53-nt insertion in transposase gene"  

complement(4733..5512)  

/gene="int"  

/note="NCBI gi: 557887"  

/codon_start=1  

/product="integrase"  

/translation="MSLHFGKIPTELDPEQIHDYLFYLQKKSKSPSQSYFKHTVYGLR  

FLLKSEGLSYDFLSLPEIKREKKLPVVLSKQEVWQMLSGCKLLKHKILIGILYGCGLR  

CMEVRNLRLCDLDFDRKQLKVVQGKGKKDRYLPLSEHLIRGLKKYIEAEKPEDYLFGE  

PRGNRAGGEFDSRYSQRGVQWAVKQASKTANILKEVSVHTLRHSFATHLLEDGMDILS  

IKNLLGHESIDTTLIYLQIAQLSTQKLFSPLDTLFSEFGKK"  

complement(5681..5686)  

complement(5704..5709)  

1944 a 1010 c 981 g 1859 t  

ATTTTCCGAA ATGTAGCGAC ACCGCAGCGA CGTGTCTGGA GTAATTTTGA  

GGCTTCTTCC CAACACCGAA ACCGATCGTT CAAACCTTTG CAAAACGTCC  

GAACTTCGCG CTTTGCCTGA TTGATGATTT TGTTTTCTCT AAGCTCTTCT  

TTTTGTTGCC ATTTTACTGA TTTTTAATTA GTTTTACAAA GTAACTAAAT  

GAAAGCTACC GAAGGTTTAG TTCAACATAG GTTTTGCAAA ATGCGGGGAT  

TGAACTATTT TAGATATTTA TCCGCAAATT GGCTTTTCAT CTTGATTTTT  

TAACAATCTG AAAAAGCCAT TTGCTACGTT TCTGAATTCT TGAACTTTTG  

TTCCCGCACT TCGCAAAGCC TTTTTCCGTT ATGCCCAATG CTATGAGCAA  

ACTAACCCAC AATAAAAACC GACAAAAAAA GTTTAACTTT GTAGAATAAA  

AAAAGAAGAT GGATTATTAC GACAGAATTA GAGAATTAAC AAAAAATGTT  

TGGTTGATTT TGAACAACCA AGAGACTTGG CAAGAACACC AACACAAGCA  

TTATTACAAA TAAAGAGCAA GGTGATTGGG CTGAAGACCT TGTTACAAGG  

AAAATTCTAA AAATTTTGTA GCTGTAAAAT ATGGGAAATC TGACAATTTA  

AAAATGGCTT TGATACTTTT TATCAAGATT TTCAAACTGA ACTTGACACC  

GCCCCGACTT GTTAATCTTT AAAAAGACAG ATTTTGATAC TACTTTAGGT  

GTCAAATTCC ACATCATCAA ATCACTGATT ATGTAAAAAA AGCAATTGCA  

TTCGCTCAAG TGCTTTTTTG ATTGACAAGT ACGAAGAAGC AATGCAAGTA  

GGTTTACTGA AATTGCATTT CAAACAAGAG ATAAAATATT AGCCGAATTT  

TAGACCATCC AAGTAGAAGT AAGTACATCA CTTTATTAAA TACTTTAACC  

TTTCAATTTT TGACTTTAAA GTTCCAGGTT GGAGGTCTAA TGAAAGACTT  

ATAATTTATT CAAAAGACTA AAGGTTGCAA TAAAAGAAAT TCAAAAGAGA  

CAATAACACC AAAAGTTGAA GACATAAAAG TGGTTTACAA ATGGATTGAA  

TTCCACATTT TTACTTTCAA GTGTTTTTCG ACAAAGTGTA TGGAATTTCA  

TTCTAACTAT AATTTCAAAT TCTGATAATG ATGGTGTAAT TTTTTCCGTT  
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1441 GAAAAAGATG TACAAAATCA AAATAAAACA ACGATAAAAA TCAACTCAAA AACTGGTTAT  

1501 CCAATTGCTT CAAAGGTTGA TGAACCAACT CACGAAAGCA TCAGGAAAGA AATGGACAGA  

1561 GGTCGATTAT TATTTTATGT AACTTTCAAA GGTGGAACTG CATATCTTGA TTTAGATAAT  

1621 TTACGAACTA TTTTAGGAAT AGAAGAAGCT GAATTTTAAT GATAAAAACA ACGGAACATA  

1681 TTGTCAATAA TTCCATTGAA AGAGATTACT CAAAATCAAT TTCATTAGAA CATCGTAAAA  

1741 AATTCGCACA ATTTTTTACG CCTTTCCCCA TTGCTTATGC AATGGCTAAA TGGATTTTAG  

1801 GCAACAAACA ATTAAAAACC GTTCTTGAAC CTGCTTTCGG TCTTGGCGTT TTTTCAAGAG  

1861 CGATTTTAAG CCAACAGAAA GAAATCAATA TAAAAGGTTT TGAAGTAGAT GAAACGATAT  

1921 TTGAAAACGC AAAAGAATAT TTTGATGATT TTGAAAATGT AAATATACTT TTGCAAGATT  

1981 ATATGTACAA TGATTGGAAA AACAAATATG ATGGAATTAT TTGCAATCCG CCCTACTTTA  

2041 AGTTTCACGA TTATGACAAT AAAAATATTT TAAAAGAAAT TGAAACTAAT CTTAAATGCA  

2101 AGCTGAATGG CTTTACAAAT CTTTATACTT TATTTTTACT AAAATCAATT CATCAGTTAA  

2161 GTCAAAATGG ACGTTGTGCA TATATAATTC CTTCCGAATT TTTGAATTCT GATTACGGAA  

2221 AATTAGTGAA AACTTATTTA ATAAAAAGTA AAACATTACG GCACATTATT GTAATTGACT  

2281 TTGAAGAAAA TGTATTTGAT GATGCTTTAA CAACCGCATC AATTATTCTT TGTGCAAATG  

2341 ATAATATAAC AGATAAAGTT CAGTTTAACA ATATCCAATC ATTGCAAGAT TTAAGCAAAA  

2401 TAGATGAAAT AATAAATAAA TATCCTAACT TTTTAGAAAC CGAACAGACC TATAATTTTT  

2461 CTGATTTAAA TCCAGAAATT AAATGGAAGG CTTACTATCA AAAACAAAAT AGCATTAAGT  

2521 TTAAAAATCT TGTGCCATTT TCGACTTACG CAAAAGTAGT TCGTGGTATA GCAACAGGTT  

2581 CAAATGAATA TTTTACTTTT AATCTATCAA AAGCCAAAGA ATTTAATATT GACGAACAAT  

2641 ATTTATTGCC TTGTATTTGT AGTGCAAAAG ATGCTAAAAC ATCATTTTTC ACTAAACAAG  

2701 ATTTTGAAGA ATTAAAGAAA AGTGATAAAT CTGTTTTTCT TTTCAATGCT CAAAATTCAA  

2761 CGGATAAAAA TATAAGTTCA TATATCCAAA AAGGTGAAAG CGAAGAGATA AATAAACGGT  

2821 TTCTTACTGC AAGTAGAACA CCTTGGTATT CATTAGAAAA TAGAAAACCT GCACCCATTT  

2881 GGGTTTCTGT TTTTAATAGG TCAGGTTTGC GGTTTATTAG AAATGAAGCA AATATTTCTA  

2941 ACCTAACTTC TTATCATTGC ATTTATCCAA AACAAACAAG TTTGTTTTCA GAAATTGACA  

3001 TTGATTTACT TTTTGCTTAT CTATTAACAG ACACAGCTAA ACAAATTTTT GAAGACAACA  

3061 GTCGTCAATA CGGTAATGGA CTTCAAAAAT TTGAACCAAA TGACCTTAAT AAAGGAATGA  

3121 TGCTTGATTT AGGATTACTT GACAAGCAGA CATCAGATGA AATTTTAAAT CTTTACAAGG  

3181 AATACAAATA CTTAATCCTT GACAATAAAA ACGGAGACGA AATAATTAAT AAAATAGATA  

3241 AAATATTAAC CGACAAATAC AGCGAAAAAA AGCACTGGGC ATAATAACTA AGTTTTCGTC  

3301 TTGTCCGAAG CACGAGATGA AAACCCTGTT GAACGGAAGC TTCGGGAGCT TTTGGTTGGG  

3361 TATTTTCCCA CACTATGGGT TTATCGACAA AAGATTTTTA GAGATACAAG AGACTTTGAG  

3421 AAGAGTCTCT TTTTTTGTGG GCGATTTTGG TGGTTTTTTC TTGGTTTTAT TGTGTTTTCT  

3481 TTCACGTTTA GACATAAAAT CCCTTACCCA AATCCGCTAA AATGCAGATT TAGGAGCAGA  

3541 TAAATTTTGG CTCATCTCCA AAAACCATTG CGGCGGACCT CGAAGATCGA ACGTGGCAAT  

3601 CGTTACCAAA TTTCCAACTT TACAACAACT ACATTTCGGC TGAAAAACTT TTGGCGGAAC  

3661 GTTTTCTTTA GGCTGGATGC CTAATTTTTG TTGTAGATTT TTAAGCTTGA TACGCTTCCA  

3721 AGTGCTGCTC AAAAAACCAT AATGACGGAT TTTTACAAAT CTTTTCGGTA AAATATGCAT  

3781 CGCAAATCTT CGGATAAACT CCTCGTGGCT CAAAACCATC TGCTTTTTGA TACCTTTTTG  

3841 GCGGTAATCT TTGTAAGAAA AAGTGACCGT TTTCGCGTCA ATTTTCCTGA TTCTCTGGTT  

3901 GCTGATGGCG ATTTTATGCG TGTATCTGCC CAAATATTCT ACCACAGATT TTGGGCTTCC  

3961 AAAAGGCTTT TTGGCGTAAA CCACCCAAGG TTTTTCCCAC AGATTTTGCC TGATTTTGGT  

4021 ATATTCTTTA AGGTTTTTAT CTTTTAATTT CTCACAAAAT TTAGCCCTGA AAACTTTACT  

4081 CAAAGCCTTT ACCGGAAACA AAAATTTGCC GTCTGAACGT AGATTTTTCC AACGTCCGCT  

4141 TTCATCTACT CCACCGCCCG GAACAATGCA GTGCAAATGC GGATGAAGGC TCAGATTCTG  

4201 TCCCCAAGTA TGCAAAACAG CAATCATTCC CATTTTTAAA CCTCGATTTT CACCAAACGT  

4261 TTGAAGCGTT TCCCAGGCAG ATTCAAATAA AAAATCGTAC AACATTTTGG GCTCGTGAAG  

4321 TGCGGTTTTG TTCAATACAT CAGGAAGCGT AAAAACCACG TGAATTAAGC GAAGCGTATC  

4381 ACGAATACAA TTAAAACGAA TAATAAAAAA TGAGTAAAAT AAGGTACCGG AAGCAGTTCG  

4441 GTTTCCCGAT TCTCAATCCA TTGTTCTCGT TTTTTTCCCT GACATTTTGG GCAGTGACGG  

4501 TTTCGGCAGG AGTTGTAACT GATGCTTACA TTTCCACATT CATCACAAGC ATCGATATGA  

4561 CCGCCCAAAG CCGAAGTTCT GCACTTTTTT AAGGCAAATA AAGTTCTTAA CTGCCAAGAA  

4621 TTAAGTTCTA AATTTTCCAA TTTTGAACCT AAAATATTTA AAACATCGGC GACTTCGTAT  
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4681 TGAGGTTGAG ATTGAGGTTG AACTGACTGT TTTTTTGAGG TTTTTAAACC GCTCATTTTT  

4741 TCCCAAATTC TGAAAAAAGG GTATCGAGCG GTGAAAAGAG TTTTTGTGTG GAAAGTTGTG  

4801 CAATTTGGAG ATAAATCAAC GTCGTATCAA TACTTTCGTG GCCGAGGAGA TTTTTGATGC  

4861 TCAAAATATC CATCCCATCT TCCAGAAGAT GCGTCGCAAA ACTGTGACGA AGCGTATGGA  

4921 CACTCACTTC TTTCAGGATG TTTGCCGTTT TTGATGCCTG TTTTACCGCC CACTGAACGC  

4981 CTCGTTGTGA GTAGCGGGAA TCAAACTCTC CGCCGGCACG GTTTCCACGA GGTTCTCCAA  

5041 AGAGATAATC TTCCGGTTTT TCCGCTTCGA TATACTTTTT GAGTCCCCGA ATCAAATGCT  

5101 CGGAAAGTGG CAAATAACGG TCTTTTTTTC CTTTTCCCTG AACCACTTTG AGTTGTTTTC  

5161 TGTCAAAATC TAAGTCGCAC AAACGCAGAT TTCGAACTTC CATACATCGC AATCCGCAAC  

5221 CGTAAAGAAT CCCGATTAAG ATTTTATGCT TTAAAAGCTT ACACCCCGAA AGCATCTGCC  

5281 AAACCTCCTG TTTACTGAGA ACTACAGGCA GTTTTTTCTC TCTTTTAATT TCCGGAAGAC  

5341 TCAAAAAATC ATAGCTTAAA CCTTCCGATT TTAGCAGAAA CCGAAGCCCG TAAACGGTAT  

5401 GTTTAAAGTA CGACTGTGAA GGTGATTTAG ATTTTTTCTG TAGATAAAAA AGGTAATCGT  

5461 GAATTTGCTC GGGATCCAAT TCTGTAGGAA TTTTCCCGAA ATGTAGCGAC ACCGCAGCGA  

5521 CGTGTCTGGA GTAATTTTGA AAGGTACTTT GGCTTCTTCC CAACACAGAA ACCGTACGTT  

5581 CAAACCTATG CAAAAGCTCC GCAAATCCCG GAACTTCGCG CTTTGCCTGA TTGATGATTT  

5641 TGTTTTCTCT AAGCTCTTCT ACACTCTTTT TTTTGTTGCC ATTTTACTGA TTTTTAATTA  

5701 GTTTTACAAA GTAACTAAAT ATAGCGCTGA GAAAGCTACC GAAGTTTAGT TCAACATTGT  
5761 ATTGGCAAAA TGCGGGGAGA GTAACAAGTT GAAC  
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APPENDIX C. AMINO ACID HOMOLOGIES BETWEEN 1S801 AND  
PLASMID REPLICATION PROTEINS.  

IS91 CKSRSCPHCGVK WHPHIHLSTTA YFGSYLKKPPV RMVRYYGFL  
IS801 CHCRACPSCGKK WHPHVHLSVTA YLGRYLKKPPI RMIRYFGFL  

Rep (pUB110) CKSRLCPLCNWR YNQHMHVLVCV ETAKYPVEDTD RLISYGGLL  
Rep (pLAB1000) CKSRLCPLCNWR YHQHMHVLLFV ETAKYPVICDTD RQISYGGLF A 
Rep (pLP1) CKSRLCPLCNWR YNQHLHVLLFV ETAKYEVKSAD RQISYGGLL  
Rep (pFTB14) CKVRLCPMCAWR YHPHFHVLLPV EISKYPVXDTD RLIGYGGIL  
Rep (pC194) CKNRFCPVCAWR YMPHFHVLIAV EMAKYSOKDSD  

HP 
CONSENSUS C+.R.CP.C..+ * R.'.Y.G*. NQ  

I II III IV 
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Figure C.1. Conserved amino acid motifs found in 1S91, 1S801, and in the rolling 
circle replication proteins of the pUB110 family. A. Alignment of amino acids of 
IS91 and 1S801 with the conserved motifs of the pUB110 family replication proteins. 
+: basic; *: hydrophobic. (Adapted from Mendiola and de la Cruz, 1992.) B. Map of 
IS801 showing locations (shaded boxes) of the conserved amino acid motifs. 




