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SUMMARY

A revised sequence in the region immediately upstream from the rop gene of pPBR322 is reported. Two base
pairs in the accepted sequence do not exist in the plasmid DNA. Specifically, a TA base pair is missing at
sequence coordinate 1893 [Sutcliffe, Cold Spring Harbor Symp. Quant. Biol. 43 (1979) 77-90] and an AT
base pair is missing at position 1915, giving a total size for pBR322 of 4361 bp. These changes are in a potential
translation initiation sequence and probably reflect errors in the original sequence rather than recent evolution

of the plasmid.

INTRODUCTION

Plasmid pBR322 (Bolivar et al., 1977) was one of
the first multipurpose cloning vectors constructed
for use in Escherichia coli. This plasmid and its
derivatives have been employed for a variety of
purposes including cloning, selection and expression
of recombinant molecules, studying elements involv-
ed in gene expression, construction of shuttle vectors,
nucleotide sequencing vectors, and as a model sys-
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tem for studies of prokaryotic plasmid replication
(seereview, Balbaset al., 1986). pBR322 was derived
from the ColEl-type plasmid pMB1 (Betlach et al.,
1976) and shares the same type of replication control
mechanism as ColE1 and its relatives (see reviews,
Tomizawa, 1978; Davison, 1984; Polisky, 1986).

In addition, pPBR322 was one of the first plasmids
to be completely sequenced (Sutcliffe, 1979), dem-
onstrating the power of the then new nucleotide
sequencing techniques. Besides the small size and
relative simplicity of this plasmid, knowledge of the
nucleotide sequence added considerably to the utility
and extensive use of pBR322.

While sequencing derivatives of pBR322 con-
structed in this lab, several differences from the
accepted pBR322 sequence were observed. These
differences could reflect a polymorphism among
different isolates of pPBR322 or could be the result of
errors in the accepted sequence. Several errors in the
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original sequence of pBR322 have been reported in
the last few years and appropriate revisions have
been made (Peden, 1983; Backman and Boyer,
1983; Lathe et al., 1984; Heusterspreute and Davi-
son, 1984). In order to differentiate between these
possibilities, five different sources of pBR322 were
sequenced in the region in question and all were
missing the same two base pairs.

EXPERIMENTAL AND DISCUSSION
(a) Strains and plasmids

Strains containing pBR322 were obtained from
the Upjohn Culture Collection or purchased from
the American Type Culture Collection and are indi-
cated in Table I. A commercially purified prepar-
ation of pBR322 plasmid DNA was purchased from
Sigma Chemical Co. (St. Louis, MO).

(b) Sequencing

Plasmid DNA was prepared by the method of
Birnboim and Doly (1979) and sequenced by the
dideoxy chain termination method (Sanger et al.,
1977; Sanger and Coulson, 1978), as modified by
Zagursky et al. (1985), using avian myeloblastosis
virus (AMYV) reverse transcriptase (Seikagaku Ame-
rican Inc.). To sequence the upper strand (clockwise

TABLE 1
Sources of pPBR322 sequenced in present study

direction on the pBR322 map) an oligodeoxy-
nucleotide primer, NWS5, with the sequence
dCCCGTATCGTGAGCATCC, which hybridizes
to pBR322 nt 1834 to 1851 (Sutcliffe, 1979), was
used. To sequence the opposite strand, primer
NWI10 with the sequence dGTCTGGCTTCTGA-
TAAAGCGG, which hybridizes to pBR322 nt 1971
to 1951 (Sutcliffe, 1979), was employed.

(c) Sequence of the region upstream of the rop gene
of pBR322

Derivatives of pPBR322 sequenced in this lab had
two bp missing in the region immediately upstream
of the rop gene (Cesareni et al., 1982), also called rom
(Som and Tomizawa, 1983), in the area of a potential
ribosome-binding site. The Rop protein is plasmid
encoded and has been implicated in controlling repli-
cation of ColE1-type plasmids (Cesareni et al., 1984;
Tomizawa, 1986; for review see Polisky, 1986).

Both strands of pPBR322 plasmid DNA from the
five different sources shown in Table I were sequenc-
ed in this region using the primers described above.
All of these isolates are missing an AT and a TA bp,
which were reported in the original sequence. Part of
a gel showing the sequence of this region is shown in
Fig. 1. The location of the missing bp in relation to
the rop coding region (Cesareni et al., 1982) is pres-
ented in Fig. 2a and 2b (region II). The previously
reported revisions of the pBR322 sequence are also
shown in Fig. 2a and 2b (regions I and III).

Culture Source E. coli Comments

number host strain

UC6576 Upjohn Culture Col- RR12 Original source: B.O’Malley, Baylor
lection University.

UC6962 Upjohn Culture Col- CSH50® Deposited by: J. Manis, The Upjohn
lection Company.

ATCC31344 American Type Cul- RR1 Deposited by: Genentech Inc., Patent
ture Collection strain.

ATCC37017 American Type Cul- RR1 Deposited by: H-W. Boyer, University of
ture Collection California, San Francisco.

Sigma Chemical RR1 Commercial preparation, Product Num-

Company ber D9893.

2 Strain RR1 genotype: F~ hsdS20 (15 my) ara-14 leuB6 proA2 lacY1 galK2 rpsL20 xyl-5 mt-1 supE44 A~ (Bolivar et al.,, 1977).
b Strain CSH50 genotype: F~ ara A(lac-pro) strA thi (Miller, 1972).



(d) Conclusions and discussion

The results presented here show two differences in
the sequence of pBR322. A TA base pair is missing
at sequence coordinate 1893 (Sutcliffe, 1979) and an
AT base pair is missing at nt position 1915. The
accepted sequence of pBR322 contains two previous
revisions of the original sequence obtained by Sut-
cliffe (1979) which are included in the current nucleo-
tide sequence data bases (e.g., the GenBank and
EMBO sequence libraries). The first revision was

demonstrated by two groups (Peden, 1983; Back-

man and Boyer, 1983) by nucleotide sequencing and
is shown in Fig. 2, designated as region I. This cor-
rection was the addition of a CG base pair in the
coding sequence Tc® gene and established the com-
plete correct open reading frame for that gene. The
other revision was demonstrated by restriction endo-
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(Sutcliffe, 1979)
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Fig. 1. Dideoxy sequence analysis of pBR322 in the region
upstream from the rop gene. The sequence of purified plasmid
DNA (Sigma Chemical Co.) using primer NWS5 is shown. The
sequence deduced from the gel is shown at the immediate right
and the sequence reported by Sutcliffe (1979} is shown at the far
right (see downward arrow). The positions of the differences in
the sequences are indicated by the brackets and 4 symbols at the
right. Refer to EXPERIMENTAL AND DISCUSSION,
sections a and b, for further details.
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nuclease analysis (Lathe et al., 1984) and by nucleo-
tide sequencing (Heusterspreute and Davison, 1984)
and is shown in Fig. 2, designated as region II1. This
correction changes an AT to a TA, resulting in an
additional Alul cleavage site in the region encoding
the replication primer (RNA II) transcript.

The work presented here suggests that two bp in
the reported sequence upstream from rop do not exist
in the DNA (see region I, Fig. 2). These differences
neither create nor destroy sites for known restriction
endonucleases. The bp indicated were missing in the
sequence obtained from both strands of pBR322
DNA from five different sources. The same two bp
were reported missing in pBR322 sequence by
Nugent et al. (1986). Moreover, as reported here,
these bp were not found in the pBR322 plasmid
DNA from the original American Type Culture Col-
lection strain deposited by H.W. Boyer, which is the
same pBR322 sequenced by Sutcliffe (1979). There-
fore, it is likely that these differences from the accept-
ed sequence are due to errors in the original reported
sequence, rather than the result of evolution of the
plasmid DNA.

The same two bp do not appear in the sequence
upstream from the rop gene of the related plasmid,
ColE1 (Chan et al., 1985). This region is highly con-
served at the DNA level between these two plasmids
(Cesareni et al.,, 1982). The revised sequence of
pBR322 presented here indicates that. the region
preceding the coding sequence for the rop protein of
these plasmids is more highly conserved than previ-
ously reported. One of the sequence changes
reported here decreases the spacing between a
Shine-Dalgarno sequence (GGAGG) and the initia-
tion codon (GTG) of the rop gene from six to five,
while the other change upstream of the Shine-
Dalgarno is also in a region that may be important
in translation initiation.

The revisions presented here change the accepted
pBR322 map coordinates as indicated in Fig. 2 and
result in a total size of 4361 bp for pBR322.
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Fig. 2. Revisions in the sequence of pBR322. (A) Locations of the revisions shown in relation to the map of pBR322. Region I indicates
the revision reported by Peden (1983) and Backman and Boyer (1983). Region II indicates the revision reported in this work. Region III
indicates the revision reported by Lathe et al. {1984) and Heusterspreute and Davison (1984). The size of the plasmid after these revisions
is 4361 bp. The old coordinates of Sutcliffe (1979) are shown in parentheses. (B) The nucleotide sequence in the areas of the revisions
(the upper strand is shown). In each case (regions I, I and III) the original sequence and map coordinates reported by Sutcliffe (1979)
are shown on the upper line (in parentheses) and the revised sequence and map coordinates are shown on the lower line. In region I,
the additional C reported in the revised sequence is underlined. In region I, the TT to T and AA to A revisions are overlined. The
consensus Shine-Dalgarno sequence and the GTG start codon of the rop gene are boxed. In region III the position of the AT to TA
revision is overlined.
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