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ABSTRACT 

A reference collection of natural isolates of Escherichia coli has been studied 
in order to determine the distribution, abundance and joint Occurence of DNA 
insertion elements IS4 and lS5. Among these isolates, 36% were found to 
contain IS4 and 30% were found to contain IS5. Among strains containing 
IS4 the mean number of copies per strain was 4.4 f 0.8; the comparable figure 
for IS5 was 3.7 f 1.0. Although the presence of the elements among the 
isolates was independent, among those isolates containing both IS4 and 1S5, 
there was a significant negative correlation in the number of copies of the 
elements.-The reference collection was also studied for the presence of the 
DNA sequences flanking the single copy of IS4 in the chromosome of E. coli 
K12. Homologous sequences were found in only 26% of the isolates. The 
sequences flanking the IS4 invariably occur together, and their presence is 
significantly correlated with the presence of IS4. In eight of the strains that 
carry these flanking sequences, an IS4 is located between them, and the se- 
quences are present at the homologous position as in the K12 strain. We 
suggest that IS4 and its flanking sequences share a common mechanism of 
dissemination, such as plasmids, and we present evidence that they are included 
in a much larger transposable element. 

HE discovery and study of transposable elements in prokaryotes and eu- 
karyotes has resulted in a major shift in ideas about the genetic stability 

of the genome and mechanisms of mutation (CAMPBELL 1983; HARTL, DYKHU- 
IZEN and BERG 1984). Once considered highly stable, with most mutations 
resulting from single nucleotide substitutions, the genome is now regarded as 
having the potential to undergo rapid change because of the activities of trans- 
posable elements, with many mutations resulting from the insertion of such 
elements within or near genes or from rearrangements induced by them. These 
changes in perspective have come about so suddenly and recently that the role 
of transposable elements in the whole sweep of evolution has yet to be evalu- 
ated. Indeed, it is unknown which position transposable elements should be 
assigned on the spectrum of possible evolutionary implications, although the 
extremes of the spectrum would seem to be, on the one hand, exclusively 
parasitic DNA (DOOLITTLE and SAPIENZA 1980; ORCEL and CRICK 1980) and, 
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on the other hand, potentially creative agents of genetic adaptation (CAMPBELL 
1981; HARTL, DYKHUIZEN and BERG 1984; HARTL and DYKHUIZEN 1984). 

Information on which to formulate or evaluate hypotheses about the evo- 
lutionary role and implications of transposable elements should include studies 
of their distribution within and among genomes in natural populations. Such 
studies have been initiated in eukaryotes, particularly Drosophila (STROBEL, 
DUNSMUIR and RUBIN 1979; MONTGOMERY and LANGLEY 1983), and in pro- 
karyotes (HARSHMAN and RILEY 1980; NYMAN et al. 1983; GREEN et al. 1984). 
Most of the data from prokaryotes pertains to insertion sequences, which are 
DNA sequences, usually smaller than 2000 base pairs (bp), that are capable of 
transposition into several or  many sites in the genome (CAMPBELL et al. 1979). 

Seven distinct insertion sequences have been described in E. coli, which are 
designated I S I ,  IS2, IS?, IS4, IS5, IS?O, and 76  (CALOS and MILLER 1980; 
CASPERS et al. 1984). The distribution of insertion element IS5 among natural 
isolates of E. coli has recently been described (GREEN et al. 1984). Despite its 
abundance in laboratory strain E. coli K12, in which there are approximately 
ten copies per genome (SCHONER and SCHONER 1981), IS5 is absent from more 
than two-thirds of the natural isolates examined, and among the isolates con- 
taining IS5 the average number of copies per genome is approximately three 
(GREEN et al. 1984). 

The same collection of natural isolates examined with respect to IS5 has 
now been examined with respect to 1%. The rationale for studying IS4 is that 
it is unusual among insertion sequences in E. coli K12 because it is normally 
found in just one copy per genome (KLAER and STARLINGER 1980). Thus, 
substantial differences in the distributions of IS4 and IS5 among natural iso- 
lates would not be surprising; however, the distribution of IS4 is very similar 
to that of IS5. The proportion of natural isolates lacking IS4 is approximately 
two-thirds, and among strains in which IS4 is present, the average number of 
copies per genome is approximately four. However, the joint distribution of 
IS4 and IS5 among the isolates suggests that the elements are not completely 
independent. Natural isolates were also examined for the DNA that flanks the 
IS4 element present in the genome of E. coli K12. Surprisingly, this flanking 
DNA is present in only a minority of natural isolates. The distribution of this 
flanking DNA suggests that it is, itself, part of a transposable element. 

MATERIALS AND METHODS 

We studied 72 strains in a reference collection of E. coli (OCHMAN and SELANDER 1984), among 
which 67 independent isolates provided the data on the abundance of IS4 and IS5. (Some strains 
were excluded because they were judged to be so closely related to others that retaining them 
might have biased the data.) Using the methods described in GREEN et al. (1984), DNA from 
strains containing either IS4 or IS5 were digested to completion with restriction enzyme EcoRI, 
subjected to agarose electrophoresis and hybridized with an appropriate nick-translated probe after 
transfer to nitrocellulose paper (SOUTHERN 1975). Strains lacking the sequences were previously 
identified by means of dot blots, using undigested DNA (GREEN et al. 1984). The  probe for IS5 
was a sequence of 0.94 kb pairs obtained by double digestion of plasmid pMN4 with EcoRI and 
BglII followed by electrophoresis and isolation from agarose by means of the glass powder method 
(HARTL et al. 1983). This sequence is contained entirely within IS5. The  probe for IS4 was a 1.5 
kb sequence obtained similarly from a Hind11 digest of plasmid pBRK10. This probe includes 
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FIGURE 1.-Structure of pBRK10. The plasmid contains a 6.0 kb sequence of DNA from E. 
coli K12 (box) inserted into the HindII site of pBR322 (thin line). The insert contains all of IS4 
and part of IS2 The ticks on the line above represent HindII sites and the endpoints of sequences 
used as probes for IS4 and the flanking sequences. Other symbols indicate restriction sites as 
follows: = HzndIII, = BglI, A = HpaI, and 

approximately 1400 bp of IS4 plus a small amount of DNA (about 80 bp) that flanks the element 
on the right-hand side in the chromosome of E. coli K12. [Right and left are defined relative to 
the orientiation of the nucleotide sequence of IS4 as published in figure 3 in KLAER et al. (1981), 
and in Figure 1 of this article.] This flanking DNA is insufficient to provide a significant hybrid- 
ization signal under our conditions. 

IS4 contains no cleavage sites for EcoRI, thus each observed band should theoretically corre- 
spond to one copy of IS4 in the genome. However, two potential complications arise. First, if two 
large restriction fragments of approximately the same size both carry 1.54, they might not be 
sufficiently separated in the gel to be recognized as distict. Second, two copies of IS4 might be 
contained in a single EcoRI restriction fragment. However, in both cases, the unresolved IS4 would 
be detectable as a band with twice the expected intensity. Rarely have we seen such a situation 
and, consequently, conclude that ou r  estimates of number of copies of IS4 are not seriously biased 
by these potential complications. Four strains were observed to possess one or a few copies of a 
sequence that hybridized very weakly with IS4. These sequences are presumed to be related to, 
but distinct from, 1S4 and were not tabulated as bona f ide  IS4 elements. Similar considerations 
pertaining to the estimates of the number of copies of 1S5, and the finding of another element 
weakly homologous to IS5, have been discussed previously (GREEN et al. 1984). 

Figure 1 illustrates plasmid pBRKIO, which has a 6.0 kb sequence containing IS4 (box) inserted 
into the Hind111 site of pBR322 (thin line). The shaded region of the insert delimits 1S4, and the 
hatched region indicates part of the sequence of an IS2 element present in the same insert. The 
ticks on the line across the top show the positions of Hind11 restriction sites. DNA fragments 
purified by means of the glass powder method (HARTL et al. 1983) that were used as probes for 
IS4, its left-hand flanking sequence (LFS) and its right-hand flanking sequence (RFS) are indicated. 
Strains of the reference collection containing the LFS were identified using dot blots, and DNA 
from a subset of strains, seven containing the LFS and 13 lacking the LFS, was digested with 
EcoR1, electrophoresed in agarose and hybridized with IS4, LFS or RFS probes after transfer to 
nitrocellulose (SOUTHERN 1975). Nitrocellulose filters that had initially been probed with IS4 were 
stripped of probe and were rehybridized with the probe from the LFS. Stripping was accomplished 
by incubation of the filters at room temperature for 15 min in 200 ml of 20 mM NaOH, followed 
by neutralization with 250 ml of 0.5 M Tris-HCI pH 7.0. The LFS ws further studied by digestion 
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FIGURE 2.-Joint distribution of the number of copies of IS4 and IS5 in 67 reference strains 

(ECOR strains) of E. coli. 

of the DNA of the strains containing LFS with EcoR1, XhoI or BamHI; electrophoresis in agarose; 
transfer to nitrocellulose; and probing first with LFS and then with IS4 after stripping. None of 
these enzymes cut within the cloned 6 kb fragment in pBRKl0. The same procedure was also 
carried out with DNA restricted with BglII, which cuts twice within the cloned E. coli K12 
fragment, once on either side of IS4, to yield a 2.6 kb fragment that will hybridize to both LFS 
and IS4 probes (Figure 1). 

To investigate the possibility that the LFS and IS4 may occur in plasmids, DNA was prepared 
and subjected to agarose electrophoresis, as described in ANDERSON and MCKAY (1983), and was 
then transferred to nitrocellulose filters and probed by the usual methods. 

Plasmid pBRKI0 was obtained from P. STARLINGER through the laboratory of D. E. BERG, and 
it is virtually identical to pKS51, described by KLAER and STARLINGER (1980). Plasmid pMN4 was 
provided by R. E. Wolf, Jr., and is described in detail in NASOFF and WOLF (1980) and GREEN et 
al. (1984). The reference strains of E. coli (ECOR strains), described in OCHMAN and SELANDER 
(1984), were kindly provided by those authors. Many of these strains derive from a previous 
collection of MILKMAN (1973). 

RESULTS 

IS4 and ZS5: The number of copies of IS4 and IS5 determined in each of 
67 reference strains of E. coli is shown in Figure 2. Summary statistics of the 
marginal distributions are given in Table 1. Although the marginal distribu- 
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TABLE 1 

Number of IS4 and IS5 elements 

223 

~~ 

Including 0 class Excluding 0 class 

IS4 
Mean 1.6 4.4 
SEM 0.4 0.8 
SD 3.1 3.8 

Mean 1 . 1  3.7 
SEM 0.4 1 .o 
SD 3.0 4.7 

IS5 

tions are somewhat different, the differences are modest and not statistically 
significant. There were 43 strains (64%) containing no DNA sequences that 
hybridized with IS4, and 47 (70%) containing no DNA sequences that hybrid- 
ized with IS5. Among those strains containing at least one element, the mean 
number of IS4 elements per strain was 4.4, and that of IS5 was 3.7. The 
standard deviation of the distribution of both elements is approximately equal 
to the mean. Both distributions deviate significantly from the Poisson distri- 
bution, principally because of an excess of strains that lack the element. 

Turning to the joint distribution of IS4 and IS5, 33 strains had neither 
element, 14 had IS4 only, ten had IS5 only, and ten had both. As the chi- 
square test for independence yields a probability value of approximately 0.15, 
there is no reason to reject the hypothesis that presence or  absence of IS4 is 
independent of the presence or  absence of 1S5. 

Although the occurrence of the elements appears to be independent, the 
number of copies of each element apparently is not. Considering only those 
ten strains that contain at least one copy of each element, the Kendall non- 
parametric rank correlation coefficient, T, equals -0.64, which is highly sig- 
nificant (SIEGEL 1956). The significant negative correlation implies that a large 
number of copies of IS4 is found in combination with a small number of copies 
of IS5, and vice versa, more often than would be expected from the marginal 
distributions. 

The rank correlation in the number of elements calculated from all 67 
strains is T = 0.09, which is nonsignificant. The lack of statistical significance 
in this case probably reflects the independence in the occurrence of the ele- 
ments and the large number of strains that contain just one or neither of the 
elements. 

IS4 Junking sequences: Probes for the chromosomal DNA sequence flanking 
IS4 on the left (LFS), and for the chromosomal sequence flanking IS4 on the 
right (RFS) in E. coli K 1 2 ,  were obtained from plasmid pBRKlO as diagramed 
in Figure 1 .  DNA from all 72 reference strains was probed in dot blots with 
the LFS. To our surprise, only 19 strains (26%) contained DNA sequences 
capable of hybridizing with the LFS (Figure 3). This suggests that the LFS 
might itself be part of an unrecognized transposable element present in the 
chromosome of E. coli K12. 
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FIGURE %-Dot blot hybridiiations showing presence of flanking sequences among ECOR 

Coincidence in the occurrence of the LFS, the RFS and IS4 was studied 
further in Southern transfers of EcoRI digests of DNA from seven strains 
containing the LFS and from 13 strains lacking the LFS. In these experiments 
some filters were hybridized serially with two probes, first with the IS4 probe, 
and then, following autoradiography and removal of the previous probe, with 
the LFS. All seven strains containing the LFS had only a single copy of this 
sequence. Moreover, each of these strains also contained a sequence homolo- 
gous with the RFS, and the molecular weight of the RFS-containing fragment 
was indistinguishable from that of the LFS-containing fragment. The 13 strains 
lacking the LFS also lack the RFS. Thus, the LFS and RFS occur simultane- 
ously in the same strains, and they are close together in the genome. We 
conclude that LFS and RFS are equivalent probes for the fragment of DNA 
that had been interrupted by the insertion of IS4 in E. coli K12, and all further 
work was done using only the LFS. 

Southern transfers of EcoRI digests of the chromosomal DNA from all 19 
strains containing the LFS were probed with the LFS. Fifteen strains gave 
single bands, indicating the presence of a single copy of this sequence. One 
strain [number 53 in the reference collection (OCHMAN and SELANDER 1984)] 
yielded two overlapping bands. DNA from this strain was also analyzed using 
the restriction enzymes Xho, BamHI and BglII. Neither Xho nor BamHI cut 
within the 6.0 kb sequence of DNA from E. coli K12 cloned into pBRKlO, so 

strains. The ECOR strain number corresponds to the sum of the row and column numbers. 
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FIGURE 4.-Southern hybridintion with the LFS probe, using DNA from a number o f  strains 
cleaved with several restriction enzymes. Note that strains 38 and 39 yield identical bands in 
digests with Bglll.  

a single copy of the LFS in a strain should yield a single band and two copies 
should yield two bands on a Southern transfer. On the other hand, BglII 
cleaves within the LFS, so a single copy of LFS should yield two bands and 
two copies should yield four bands on a Southern transfer of BglII restricted 
chromosomal DNA. The bands shown in Figure 4 are consistent with the 
presence of two different copies of the LFS in strain 53, but with only one 
copy in the other strains. 

Altogether, 16 out  of the 19 strains contained at least a single copy of the 
LFS in the chromosomal DNA; however, EcoRI digests of DNA from the other 
three strains produced little or no hybridization with the LFS. This suggested 
that, in these strains, the LFS was carried on a plasmid. To investigate this 
possibility, DNA from all 19 strains was prepared and subjected to agarose 
electrophoresis, as described in ANDERSON and MCKAY (1 983), which leaves 
circular DNA molecules largely intact. With this procedure, plasmids smaller 
than -25 kb (small plasmids) migrate faster than the band of linear DNA, 
which is mostly chromosomal DNA, and the large plasmids migrate slower 
than the chromosomal DNA. Southern transfers of this DNA were carried out  
and the DNA was hybridized with the LFS. The LFS hybridized to a large 
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TABLE 2 

Strains containing the sequences thatflank I S 4  in E. coli K 1 2  

Flanking sequences 

Strain" Copies of 154 Position6 IS4 association 

K12  
1 1  
12 
14 
16 
36 

39 
40 
41 

50 
53 
59 
60 
61 
62 
64 
65 
70 

38 

48 

1 
4 
4 
4 
0 

14 
8 

12 
1 1  
1 1  
0 

1 1  
4 
0 
0 
5 
5 
3 
2 
6 

C 
C 
C 
C 
P 
P 
C 
C 
C 
C 
P 
C 
C 
C 
C 
C 
C 
C 
C 
C 

yes" 
yes' 
yes' 
yes" 
no  
no  
no  
no  
no 
no  
no  
Yes 
yes', no  
no 
n o  
yes" 
yesd 
yes6 

yes" 
no 

Numbers are strain numbers in the ECOR collection. 
Presence in chromosome (C) or plasmid (P). 

'Presence o f  IS4 within a 2.6 kb BglII fragment. (Strain 53 
contains two copies of  the flanking sequences.) 

plasmid in all three strains that had shown poor hybridization with chromo- 
somal DNA; no small plasmids were found to contain the LFS sequence. 

The data presented above suggest that the LFS and the RFS might be part 
of a large transposable element, which in some isolates also contains IS4. Prob- 
ing of EcoRI digests with both LFS and IS4 indicated that, in one-half of the 
strains, the restriction fragment containing the LFS does not contain an IS4 
(Table 2). However, in most of the remaining strains the LFS and one copy 
of the IS4 are adjacent in the chromosome, as shown in probes of chromosomal 
DNA cleaved with BglII, which cuts twice within the cloned DNA from E. coli 
K 1 2  (Figure I), yielding a 2.6 kb fragment containing IS4. When blots of 
BglII-restricted chromosomal DNA were probed with LFS, all but one of the 
strains that seemed to have a copy of IS4 associated with the flanking sequences 
yielded a hybridization band of 2.6 kb, and an IS4 probe also hybridized to 
this same band. The concurrent appearance of IS4 and the LFS suggests that 
IS4 was brought into these strains along with the LFS. In the exceptional 
strain, ECOR number 50, both of the BglII fragments that hybridize to the 
LFS also hybridize to the IS4 probe, and both fragments are larger than 2.6 
kb. Among the 16 strains that carry the LFS in the chromosome, eight distinct 
patterns of fragment size were found in BglII digests, of which four were 
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TABLE 3 

Comparisons among electrophoretically identical strains 

227 

Presence of flanking 
Strain Copies of IS4 sequence' 

8 
9 

10 
11 

13 
14 
18 

38 
39 
40 
41 

49 
50 

53 
59 
60 

61 
62 

0 
0 
0 
4 

1 
4 
0 

8 
12 
11 
11 

0 
11 

4 
0 
0 

5 
5 

+ + }  
+ + I  

Bracketed symbols indicate hybridizing fragments of identical 
size. 

observed in only one strain. The fragment patterns in strains 38, 39, 40, and 
41 are identical, and these strains are also identical in the electrophoretic 
profile for 11 enzyme loci (OCHMAN and SELANDER 1984). Strains 59 and 60 
are identical to each other in fragment size and electrophoretic profile, as are 
strains 61 and 62; however, strains 11, 64 and 70 are identical to 61 and 62 
in the size of the hybridizing BgZII fragment, but they are different in electro- 
phoretic profile. Similarly, strains 14 and 53 are alike in size of the hybridizing 
fragment, but they are different in electrophoretic profile. Conversely, several 
strains are identical in electrophoretic profile, but differ in the presence of the 
IS4-associated sequences (Table 3). 

Occurrence of IS2 in plasmid PBRKIO: In the initial hybridization experiments 
with the RFS, the probe contained a mixture of the nearly comigrating HindII 
fragments between coordinates 4.2 and 5.3 in Figure 1, and the Hind11 frag- 
ment between coordinates 5.3 and 6.5. Many strains were found to contain 
multiple DNA sequences that hybridized with this probe, suggesting that the 
probe contained part or all of another insertion sequence. Then, we noted 
from the description of plasmid pKS51 in KLAER and STARLINGER (1980) 
(pKS51 is virtually identical with pBRKlO) that the HindII site at coordinate 
5.3 in our Figure 1 is also a HpaI site and that the DNA inserted into the 
plasmid terminates with a HindIII site at coordinate 6.0. These sites coincide 
with a HindIIIHpaI site at nucleotide 154, and a HindIII site at nucleotide 
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871, in the sequence of the 1327-bp element IS2 as reported in GHOSAL, 
SOMMER and SAEDLER (1979). We have also verified that the BglI site at nu- 
cleotide 363 in the published sequence of IS2 is present at the expected po- 
sition in the element in pBRK10. In addition, as with IS2 (Hu and DEONIER 
1981), the element in pBRKlO does not occur in the genome of E. coli strain 
C. Furthermore, the probe from pBRKl0 hybridizes with an EcoRI restriction 
fragment of 3.4 kb from our E. coli strain B, which is evidently identical in 
size with the fragment in strain B that hybridizes with IS2 reported by HU 
and DEONIER (1981). (Our strain B contains one additional copy of the se- 
quence.) Finally, the probe from pBRKl0 hybridizes with ten EcoRI restriction 
fragments in DNA from E. coli K 1 2 ,  which is within the range of number of 
copies of IS2 found in several K12 derivatives by HU and DEONIER (1981). 
Therefore, we conclude that the sequence between coordinates 5.1 and 6.0 in 
Figure 1 is identical with the first 871 bp of lS2. 

DISCUSSION 

Insertion sequences IS4 and IS5 appear to be present or absent independ- 
ently in the reference strains; however, among strains in which both elements 
are present, a significant negative correlation in the number of copies of the 
elements is observed. The high degree of statistical significance of the Kexidall 
nonparametric rank correlation coefficient suggests that the result is probably 
not spurious, in spite of the relatively small sample size (N = 10). The negative 
correlation in copy number is unexpected, and at present one can only spec- 
ulate as to the possible mechanisms that cause it. One possibility is that IS4 
and lS5, and perhaps other insertion sequences as well, respond to an overlap- 
ping set of molecules that regulate transposition, which might be produced by 
the elements themselves or by the host; however, the lack of significant se- 
quence homology among the elements argues against this model. Another 
possible mechanism resulting in a negative correlation among elements is nat- 
ural selection acting to eliminate strains with high numbers of copies of two 
or more elements. Major genome rearrangements resulting from activities of 
the elements themselves or from homologous recombination between elements 
have been reported (SAEDLER et al. 1980; DE MASSY et al. 1984; MILLER et al. 
1984). Many rearrangements resulting directly from transposable elements or 
from recombination between them are probably lethal. To the extent that the 
risk of undergoing such rearrangements increases with the number of ele- 
ments, there will be selection for strains that have not accumulated too many 
of the sequences. However, the selection pressure resulting from these proc- 
esses is impossible to quantify at this time. 

The relation between IS4 and the unique sequences that flank it in the 
genome of E. coli K12 was also unexpected. There is a significant association 
between the presence or absence of IS4 and the presence or absence of the 
LFS among strains of the reference collection (the contingency x2 = 17.4 with 
1 d.f., which is highly significant). There is also a significant association be- 
tween the number of IS4 and the presence or absence of the LFS. Among 
strains containing IS4, strains also containing the LFS have an average of 7.13 
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f 0.95 copies of IS4, and those without the LFS have an average of 2.77 k 
1.02 copies of IS4. 

The flanking sequences have the characteristics expected of sequences con- 
tained within a transposable element. They are found on plasmids, they are 
found in a minority of the strains and they occur in two copies in one strain. 
Although there is the formal possibility that the flanking sequences are present 
in all strains but have undergone sufficient divergence in some of them to 
prevent hybridization with the probes derived from E. coli K12, this seems 
very unlikely because the hybridization signal in Southern blots was either very 
strong or  completely absent, with no cases of weak or ambiguous signals such 
as would be expected among sequences that had undergone varying degrees 
of genetic divergence. 

The evidence given in Table 3 implies that the IS4-related sequences have 
transposed into some strains recently. In particular, strains 49 and 50 are 
closely related, as evidenced by the identity in the size of their ISS-containing 
restriction fragments (GREEN et al. 1984); yet strain 50 contains LFS and 11 
copies of IS4, while strain 49 contains neither the flanking sequences nor IS#. 
Considering that the deletion of insertion sequences occurs at a rate several 
orders of magnitude smaller than the transposition rate (KLECKNER 1981), it 
is much more likely that strain 50 has acquired the LFS and IS4 than that 
strain 49 has lost both the flanking sequences and many copies of IS4. As the 
flanking sequences in strain 50 include IS4, it is probable that a plasmid car- 
rying the flanking sequences and IS4 entered strain 50, the flanking sequences 
and IS4 were transposed into the chromosome and the plasmid was subse- 
quently lost. There must also have been a proliferation of IS4 in the strain. 

The finding that the 6.0 kb insert in pBRKlO contains DNA from two 
insertion sequences is significant. The genome of E. coli K12, approximately 
3.9 X lo6 bp (BRENNER et al. 1972), contains about 39 copies of the known 
insertion sequences (Hu and DEONIER 1981; SCHONER and SCHONER 1981; 
CASPERS et al. 1984). These insertion sequences constitute perhaps 1% of the 
total size of the genome, so they may be considered as dimensionless geomet- 
rical points scattered in some spatial distribution around the chromosome. If 
insertion sequences were distributed at random, then the average number of 
elements in a random sequence of 3.9 kb would be 0.039. (The amount 3.9 
kb is the approximate amount of non-IS DNA in the insert in pBRK10.) Since 
pBRKlO had been selected to contain IS4, we need to calculate the probability 
of finding two or more IS sequences in an insert of size 3.9 kb, given that the 
insert contains at least one IS sequence; this conditional probability is 0.038, 
assuming a random (Poisson) spatial distribution. The presence of both IS4 
and IS2 in pBRKlO is therefore statistically significant at the 5 %  level. This 
finding could result if the DNA sequences in the IS4 region of the chromosome 
of E. coli K12 were a hot spot for the insertion of IS sequences. This hypothesis 
provides some biological significance to an observation of KLAER and STARLIN- 
GER (1980). In their colony hybridizations using an E. coli K12 library, which 
resulted in the recovery of the 6.0 kb sequence containing IS4 and part of IS2 
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(see Figure l), another clone was recovered that was identical except that, at 
coordinate 1.5, it contained an insertion of ISI. 

The total size of the postulated transposon containing IS4 and the flanking 
sequences is unknown. Thus, it is not known whether the LFS includes DNA 
that is not part of the transposon. However, while there is considerable vari- 
ation in fragment size among strains, there is also much similarity, which 
suggests that the restriction enzymes used cleave only within the transposon. 
For example, strains 1 1, 12 and 14 yield the same size of hybridizing fragment 
with EcoRI digestion, and strains 11, 61, 62, 64 and 70 all yield the same size 
hybridizing fragments with BglIl digestion, even though these strains may be 
very different in their electrophoretic profiles. If the hybridized restriction 
fragments contain only transposon DNA, then the transposon in E. coli K12 
must be larger than 10 kb, and in strains 38 and 39 it must be larger than 18 
kb. Transposons of this size have been described (HEFFRON 1983). Because the 
transposable element seems to be a hot spot for insertion of other transposable 
elements, the diversity in size of hybridizing fragments might result from the 
incorporation of various other insertion sequences, which could then be dis- 
seminated as part of the larger transposon. 
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