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Twenty-six plasmids from grapevine isolates of Agrobacterium tumefaciens
were analyzed by Smal fingerprinting and by hybridization of nick-translated
DNA to DNA of another plasmid. These experiments established that octopine Ti
plasmids are not highly conserved, although octopine Ti plasmids from biotype 1
A. tumefaciens strains appeared to be very similar. Octopine Ti plasmids from
biotype 3 strains are more variable in terms of host range and Smal fingerprints,
but share extensive DNA homology. Fingerprints of nopaline Ti plasmids from
strains of a given biotype resemble each other but not fingerprints of Ti plasmids
from strains of the other two biotypes. The wide host range octopine Ti plasmid
from the biotype 3 strain Ag86 shares more DNA homology with narrow host
range Ti plasmids, nopaline Ti plasmids, and octopine catabolism plasmids than
with the wide host range octopine Ti plasmid from biotype 1 strain 20/1. pTiAg86
does share homology with the portion of pTi20/1 integrated and expressed in plant
tumor cells. Since all wide host range Ti plasmids studied contain these se-
quences, we suggest that natural selection for a wide host range resulted in the
presence of the common sequences in distantly related plasmids. The lack of
homology between this ‘‘common DNA’ and limited host range Ti plasmids

shows that the DNA sequences per se are not required for tumorigenesis.

Crown galls are tumorous growths of plant
tissue induced by Agrobacterium tumefaciens
strains containing a Ti plasmid (31, 35) of
about 200 kilobases. In all cases so far examined
(2, 22, 28, 29, 34), plant tumor cells contain a
specific region (10 to 20 kb) of the bacterial
Ti plasmid integrated within the nuclear DNA.
This piece of DNA (T-DNA) is responsible for
tumorous phenotypes (10, 11) and also for the
synthesis of tumor-specific compounds termed
opines.

The opine concept (12; see reference 22 for
review) suggests that the Ti plasmid includes (i)
genes that will function in the eucaryotic milieu
of a tumor to allow synthesis of a specific set of
unusual compounds (opines) and (ii) genes that
are expressed in Agrobacterium sp. that allow
the pathogen to catabolize that particular set of
opines. This has led to the classification of Ti
plasmids as octopine, nopaline, or agropine
types (12, 25). For example, an A. tumefaciens
strain with an octopine Ti plasmid will induce
plant tumors that synthesize octopine. That oc-
topine Ti plasmid also codes for the ability of the
strain to utilize octopine as a sole carbon and
nitrogen source.

Analysis of Smal fingerprints of Ti plasmids

(25) indicated that octopine Ti plasmids were
highly conserved and formed a homogeneous
group of plasmids, whereas nopaline-type Ti
plasmids had more variable Smal patterns. Tho-
mashow et al. (30) subsequently described four
similar octopine Ti plasmids from biotype 3 A.
tumefaciens strains, all of which exhibited an
unusually narrow host range on plants. They
appeared to be only distantly related to the wide
host range octopine Ti plasmids previously stud-
ied (27).

Since Ti plasmids from other biotype 3 A.
tumefaciens strains had not been analyzed, it
was not clear whether these limited host range
Ti plasmids formed a distinct group of Ti plas-
mids, whether octopine Ti plasmids were in fact
a heterogeneous group, whether biotype 3 A.
tumefaciens strains harbor unique Ti plasmids,
or a combination of these possibilities.

In this report, we describe the plasmids of 26
strains of A. tumefaciens isolated from grape-
vines. These strains include members of each of
the three biotypes of Agrobacterium (17), strains
with narrow host range (20, 30), strains with
wide host ranges (20), and strains containing
plasmids that code for octopine catabolism but
not virulence.
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MATERIALS AND METHODS

Strains. The first column of Table 1 lists grapevine
isolates of A. tumefaciens. The bases for host range
and biotype assignments are described elsewhere (20).
All strains were maintained on nutrient agar.

Strain A136 (25) is a biotype 1 of Agrobacterium that
utilizes neither octopine, nopaline, nor arginine as a
sole carbon source (8). Each transformant strain listed
in Table 1 represents strain A136 transformed with
plasmid DNA (13) isolated from a grapevine isolate of
A. tumefaciens. Transformants were selected by their
ability to form orange colonies on BTB medium (16)
supplemented with 100 pg of octopine (Sigma Chemi-
cal Co., St. Louis, Mo.) or 100 pg of octopine with 10
ng of nopaline (gift of R. Jensen) per ml of medium.
Arginine utilization medium consisted of 90 mg of
K,HPO,, 150 mg of NaCl, 500 mg of MgSO, - 7H,0,
100 mg of CaCl, - 6H,0, and 500 mg of arginine per
liter, adjusted to pH 7.5 with NaOH and made 1.6%
agar by weight. As indicated below, this medium
sometimes contained, in addition, 10 pg of either
octopine or nopaline per ml.

DNA analysis. Plasmid DNA was isolated from A.
tumefaciens by the method of Currier and Nester (4);
the plasmid content of A. tumefaciens strains was
screened by the technique of White and Nester (32).
Smal was obtained from Boehringer Mannheim Corp.,
Indianapolis, Ind., and BstI was the kind gift of
Richard Meagher. Nick-translation of 3?P-labeled
DNA, Southern blotting protocols, and the recombi-
nant plasmid pNW-31C-8,29-1 were described by Tho-
mashow et al. (28).
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RESULTS

Transfer of Ti plasmids to a common strain of
A. tumefaciens. The cryptic plasmids found in
many strains complicate analysis of coresident
Ti plasmids. Therefore, we introduced each Ti
plasmid into the avirulent strain A136 (25). Al-
though strain A136 and derivatives of strain
A136 described here contain a 430-kilobase plas-
mid, pAtCS8, the size of this cryptic plasmid
mitigates against its isolation by the procedure
employed. Previous work (24, 30) and these data
suggest that pAtC58 sequences do not contrib-
ute to restriction enzyme patterns or affect the
outcome of Southern blotting experiments. The
plasmid screening technique (32) detects
pAtCS58.

Since in planta crosses (18) are time consum-
ing and mobilization of Ti plasmids by RP4 may
result in transposition events (15), we intro-
duced Ti plasmids into strain A136 by transfor-
mation. Transformants were initially selected by
their ability to form bright yellow colonies on
BTB medium (16) containing 10 pg of nopaline
and 100 pg of octopine per ml.

Each transformant was compared to the wild-
type isolate from which the transforming DNA
had been isolated. Plasmid screens showed that
each transformant contained pAtCS8 and also
one plasmid with a mobility similar to one of the

TABLE 1. Grapevine isolates of A. tumefaciens

. . Host range
Isolate Bio- Origin Trans- Plasmid Opine of trans%
type formant type formant
NCPPB1001 1 Romania A503 pTiNCPPB1001 Octopine Wide
20/1 1 Hungary A871 pTi20/1 Octopine Wide
S-8 1 Hungary A870 pTiS-8 Octopine Wide
Agl9 1 Greece A890 pAtAgl9 Octopine Avirulent
Ag34 1 Greece A868 pAtAg34 Octopine Avirulent
Agl25 1 Greece A842 pAtAgl2S Octopine Avirulent
ATV 1 Spain A877 pTiATV Nopaline Wide
ATB 1 Spain A878 pTiATB Nopaline Wide
1 D 1109 1 California pAtl D 1109
19/5 2 Hungary A872 pTil9/5 Nopaline Wide
M-AS 2 South Africa A873 pTiM-AS Nopaline Wide
PPI-1 2 Bulgaria A880 pTiPPI-1 Nopaline Wide
PPI-6 2 Bulgaria A881 pTiPPI-6 Nopaline Wide
CG8 3 New York A882 pTiCG8 Nopaline Wide
CG54 3 New York A884 pTiCG54 Nopaline Wide
2/6 3 Hungary A851 pTi2/6 Nopaline Wide
15/5 3 Hungary A852 pTil5/5 Nopaline Wide
Ag57 3 Greece A853 pTiAgs7 Octopine Narrow
Ag63 3 Greece A854 pTiAg63 Octopine Narrow
Ag83 3 Yugoslavia A857 pTiAg83 Octopine Wide
Ag86 3 Yugloslavia A858 pTiAg86 Octopine Wide
Agl05 3 Greece A859 pTiAg105 Octopine Narrow
Agl23 3 Greece A862 pTiAgl23 Octopine Narrow
Agl58 3 U.S.S.R. A8SS pTiAglS8 Octopine Narrow
Agl62 3 U.S.S.R. A856 pTiAgl62 Octopine Narrow
K305 3 Australia A867 pTiK305 Octopine Wide
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plasmids of the wild-type isolate. Plasmid DNA
from the transformant was isolated and restrict-
ed by Smal or Bstl. The digested sample was
separated by gel electrophoresis, and the result-
ing pattern (fingerprint) was compared with that
of a similar digest of plasmid DNA from the
natural isolate. In each case, the pattern of
transformant plasmid DNA either matched or
was a subset of the plasmid DNA pattern for the
wild-type strain. Each transformant was tested
for virulence on a variety of plant hosts to
ascertain whether the transferred plasmid con-
ferred virulence. These host range data are
described elsewhere (20).

Transformants A842, A868, and A890 (con-
taining plasmids from strains Agl25, Ag34, and
Agl9, respectively) catabolized octopine but did
not induce crown galls on any plant host tested.
All other transformants were virulent on Nicoti-
ana glauca and other hosts (20), indicating that
the Ti plasmid had been transferred.

Identification of octopine- and nopaline-type
plasmids. Strain A136, like strain NTI (8), will
not grow if octopine, nopaline, or arginine is
present as the sole carbon source, the sole
nitrogen source, or both in the case of octopine
and nopaline. If an A136 derivative containing
an octopine Ti plasmid is plated on minimal
medium containing arginine as sole carbon
source, the strain will not grow unless (i) octo-
pine is present at inducing levels (10 pg/ml or
greater) or (ii) the Ti plasmid operon governing
octopine and arginine catabolism is expressed
constitutively. The situation is slightly different
for an A136 strain with a nopaline Ti plasmid in
that inducing levels of nopaline allow growth on
nopaline, arginine, or octopine.

No nopaline Ti plasmids were found that
expressed the nopaline catabolism operon con-
stitutively, i.e., no transformants of strain A136
that catabolized nopaline could grow on minimal
medium with arginine unless nopaline was also
present at 10 pg/ml. One transformant, A503,
could grow on arginine as the sole carbon and
nitrogen source. This strain contains
pTiNCPPB1001, a Ti plasmid previously identi-
fied as an octopine Ti plasmid (25). All other
plasmids introduced into strain A136 could be
identified as to whether they were of the octo-
pine or nopaline type by the requirement of the
transformant for low levels of octopine or low
levels of nopaline to grow on arginine.

Nopaline Ti plasmids. Gel electrophoresis of
Ti plasmid DNA after restriction with the en-
zyme Smal often gives fingerprints characteris-
tic of certain Ti plasmid classes (25). We com-
pared the Smal fingerprints of the 25 plasmids
transferred to strain A136. Examples of these
fingerprint patterns are shown in Fig. 1.

The nopaline Ti plasmids from ten grapevine
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isolates could be divided into three groups by
their Smal fingerprints. The Ti plasmids from
biotype 1 isolates ATV and ATB have identical
Smal fingerprints. The Ti plasmids from biotype
2 strains PPI-1 (Bulgaria), PPI-6 (Bulgaria), and
M-AS (South Africa) have identical Smal finger-
prints which are almost identical to the Smal
fingerprint of the biotype 2 isolate 19/5 (Hunga-
ry). The Ti plasmids from biotype 3 isolates (two
from Hungary, two from the United States) had
Smal fingerprints resembling each other but not
resembling Saml fingerprints of other Ti plas-
mids. Unlike other nopaline Ti plasmids (9, 18),
the nopaline Ti plasmids from biotype 3 strains
do not code for sensitivity to Agrocin 84 (data
not shown).

When Ti plasmid DNA from biotype 3 strain
2/6 was nick-translated and used as a hybridiza-
tion probe against blotted Ti plasmid DNA,
extensive DNA homology was detected for
pTi2/6 with all 10 nopaline Ti plasmids (Fig. 2).
Under the conditions employed (27), the strin-
gency of the hybridization protocol corre-
sponded to melting temperature (7,,) — 17°C.
These results indicate that all of these nopaline
Ti plasmids are closely related.

Octopine plasmids. Although Sciaky et al. (25)
looked at the Smal fingerprints of octopine Ti
plasmids from nine strains, these Ti plasmids
could be traced back to five natural isolates. All
of the isolates were biotype 1, and one of them,
NCPPB1001, was isolated from grapevine. We
have studied two other biotype 1 strains from
grapevine with octopine Ti plasmids. The plas-
mids pTi20/1 and pTiS-8 give Smal fingerprints
identical to the pTiB6 pattern described by
Sciaky et al. (25) and therefore, like
pTiNCPPB1001, belong to the same octopine Ti
plasmid class.

Biotype 1 strains Agl9 (25), Ag34, and Agl25
also contain large plasmids coding for octopine
catabolism. However, these plasmids do not
code for virulence on any host we have tested,
including grapevines. Each of the three Smal
fingerprints of these plasmids was different (Fig.
1), indicating a diverse family of plasmids exists.
These plasmids do not appear to be virulence
plasmids; therefore, all of the octopine Ti plas-
mids found in biotype 1 isolates so far all belong
to the group typified by pTiB6 (25).

No biotype 2 strains in this study contained an
octopine Ti plasmid, and we do not know of any
natural biotype 2 isolates of A. tumefaciens
which contain an octopine Ti plasmid.

Nine biotype 3 strains considered here con-
tained octopine Ti plasmids. The plasmids
pTiAg57, pTiAg63, pTiAgls8, and pTiAgl62
gave Smal fingerprints similar to each other but
different from the pTiB6 pattern. Thomashow et
al. (30) suggested that these Ti plasmids formed
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A B C D
pAtAgi125 oct 1 avir
pAtAg34 oct 1 avir
PAtAg19 oct 1 avir
pTi15/6 nop 3 whr

pTi19/5 nop 2 whr
pTIATV nop 1 whr
pTiAg105 oct -3 nhr
pTiAg83 oct 3 whr
pTiAg86 oct 3 whr
pTiK305 oct 3 whr
pTi20/1 oct 1 whr

FIG. 1. Smal fingerprints of plasmids from grapevine isolates of Agrobacterium. (A) Plasmid designation. (B)
Opine catabolism coded by plasmid: oct, octopine; nop, nopaline. (C) Biotype of the Agrobacterium strain in
which the plasmid was originally found. (D) Virulence properties coded by plasmid: avir, avirulent; whr, wide
host range; nhr, narrow host range. A 0.5-ug sample of DNA of each plasmid was digested with Smal and
subjected to horizontal gel electrophoresis in 0.7% agarose at 50 V for 7 h.

FIG. 2. Homology between pTi2/6 and other Agro-
bacterium plasmids. A 0.5-ng sample of each plasmid
DNA was digested with Smal, subjected to vertical gel
electrophoresis in 0.7% agarose at 50 V for 4 h, and
blotted according to Thomashow et al. (27). The
hybridization probe was nick-translated pTi2/6 DNA.
pTi2/6 was originally isolated from a biotype 3 Agro-
bacterium strain and codes for nopaline utilization and
a wide host range. Stringency of hybridization corre-
sponded to T, — 17°C (27). Plasmid samples were (A)
total plasmid from strain CG54 (pTiCG54, pAtCG54);
(B) pTiAg162; (C) pTil5/5; (D) pTi2/6; (E) pTiCG8; (F)
pTiM-AS; (G) pTiPPI-1; (H) pTiPPI-6; (I) pTi19/5; (J)
pTiATV; (K) pTiATB; (L) pAtl D 1109; and (M)
pTiNCPPB 1001.

a second class of Ti plasmids distinguished pri-
marily by their unusually limited host range. The
plasmids pTiAgl05 and pTiAgl123 also code for
this narrow host range (20) and have Smal
fingerprints identical to that of pTiAgl62.

The plasmids pTiAg83, pTiAg86, and
pTiK305 isolated from biotype 3 strains all code
for a wide host range (20) and octopine utiliza-
tion, but their Smal restriction patterns differ
from each other and from those of the pTiB6 and
pTiAgl62 classes (Fig. 1). These data suggest
that octopine Ti plasmids are evolutionarily di-
verse and encompass more than one (25) or two
classes (30).

Relationship between pTiAg86 and other plas-
mids. Since the octopine Ti plasmids from bio-
type 1 Agrobacterium and the limited host range
octopine Ti plasmids from biotype 3 strains are
significantly different (29), it was of interest to
investigate the octopine Ti plasmids coding for a
wide host range capability (20) but isolated from
biotype 3 Agrobacterium. pTiAg86 DNA was
nick-translated and used as a hybridization
probe for DNA of a variety of plasmids blotted
by the technique of Southern (26). When these
hybridizations were done under conditions of
moderately high stringency (7,, — 17°C), the
plasmids pTiAg83, pTiK305, pTiAgl05, and
pTiAgl23 exhibited extensive homology with
the pTiAg86 probe. Specific bands of pAtAg19,
pAtAg34, pAtAgl25, and pTilS/5 showed signif-
icant, but limited, hybridization, whereas
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A B.C D

pAtAg125 oct

avir

pAtAg34 oct

avir

pAtAgi19 oct

-

avir

pTi16/56 nop 3 whr
pTi19/5 nop 2 whr
pTiATV nop 1 whr
pTiAg105 oct 3 nhr
pTiAg83 oct 3 whr
pTiAg8e oct 3 whr
pTiK306 oct 3 whr

pTi20/1 oct 1 whr

(Hpa 1)

E 4 pTi20/1

Q@ 821> .

FIG. 3. Homology between pTiAg86 and other Agrobacterium plasmids. A 0.5-pg sample of each plasmid
DNA was digested with Smal, subjected to horizontal gel electrophoresis in 0.7% agarose at 50 V for 7 h, and
blotted according to Thomashow et al. (27). One lane represents a Hpal digest as indicated. The hybridization
probe was pTiAg86 DNA. pTiAg86 was originally isolated from a biotype 3 strain and codes for octopine
utilization and a wide host range. The stringency of hybridization corresponded to 7, — 41°C (27). (A) Plasmid
designation. (B) Opine utilization coded by plasmid: oct, octopine; nop, nopaline. (C) Biotype of the
Agrobacterium strain in which the plasmid was originally found. (D) Virulence properties coded by plasmid:
avir, avirulent; whr, wide host range, nhr, narrow host range.

pTiATV, pTil9/5, and pTi20/1 appeared to have
DNA sequences only slightly related. These
experiments indicated that the octopine Ti plas-
mids from biotype 3 isolates are highly related,
regardless of the host range capability coded by
the Ti plasmids. The octopine plasmids pA-
tAgl9, pAtAg34, and pAtAgl25 share regions of
homology with pTiAg86, possibly related to the
trait of octopine catabolism (see references 7
and 19). The nopaline Ti plasmid pTi2/6 from a
biotype 3 strain also shared strongly conserved
regions with pTiAg86, and these regions were
absent or more divergent in the nopaline Ti
plasmids pTi19/5 and pTiATV and the octopine
Ti plasmid pTi20/1.

When the stringency of hybridization was
lower (T,, — 41°C), much more homology could
be detected between blotted plasmids and
pTiAg86. The autoradiogram in Fig. 3 was over-
exposed to bring up the hybridization patterns
for the Smal and Hpal digests of pTi20/1. The
hybridization patterns in Fig. 3 also indicate that
the homology between pTiAg86 and other plas-
mids is comparatively much greater than the
homology seen between the two wide host range
octopine Ti plasmids pTiAg86 and pTi20/1.

By blotting both Smal and Hpal digests of
pTi20/1 (Fig. 3), we were able to map some of
the homology shared between pTiAg86 and
pTi20/1. This is possible because the Smal and
Hpal digests of pTi20/1 are identical to the Smal

and Hpal digests of pTiBs-806 (data not shown).
Since the restriction enzyme maps of pTiB4-806
are known (3), it is reasonable to assume that the
relative positions of pTi20/1 restriction frag-
ments are the same. Thus, the physical map of
pTi20/1 can also be extended to include a func-
tional map (reviewed in reference 22). The hy-
bridization patterns in Fig. 3 indicate that
pTiAg86 and pTi20/1 share DNA homology in
regions of pTi20/1 that are associated with repli-
cation, octopine catabolism, and the T-DNA. It
is interesting that even at this low stringency we
do not detect homology between pTiAg86 and
the region of pTi20/1 spanning Hpal fragments
5-9-10-16-12-15-6. This region had previously
been found conserved among octopine, nopa-
line, agropine, and rhizogenic virulence plas-
mids (7, 23) and includes loci required for viru-
lence of pTiA6 (10).

Common DNA in Ti plasmids. Thomashow et
al. (27) reported that the plasmids pTiAg57,
pTiAg63, pTiAgl58, and pTiAgl62 do not have a
highly conserved common DNA region once
thought to be carried by all Ti plasmids. There-
fore, it was of interest to see whether other Ti
plasmids from biotype 3 strains or limited host
range strains also lacked the highly conserved
common DNA.

Blotted Smal digests of plasmid DNA were
hybridized to *?P-labeled pNW31C-8,29-1 DNA
(Fig. 4). This probe, a pBR322 clone of BamHI
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FIG. 4. Presence of common DNA sequences in Agrobacterium plasmids. A 0.5-pg sample of each plasmid
DNA was digested with Smal, subjected to horizontal gel electrophoresis in 0.7% agarose at 50 V for 7 h, and
blotted according to Thomashow et al. (27). The hybridization probe was pNW-31C-8,29-1 DNA. The plasmid
was a pBR322 clone of the BamHI fragments 8 and 29 at the T-DNA of the octopine Ti plasmid pTiA6.
Hybridization conditions corresponded to a stringency of T,, — 41°C (27). (A) Plasmid designation. (B) Opine
utilization coded by plasmid: oct, octopine; nop, nopaline. (C) Biotype of the Agrobacterium strain in which the
plasmid was originally found. (D) Virulence properties coded by plasmid: avir, avirulent; whr, wide host range;

nhr, narrow host range.

bands 8 and 29 of the octopine plasmid pTiA6
(28), includes the highly conserved region found
in most Ti plasmids that is integrated into plant
DNA (1, 5). As a negative control, 3?P-labeled
pBR322 DNA was also hybridized to similar
blots. No hybridization was detected between
pBR322 and these Ti plasmids, even after long
exposures of autoradiographs.

Since the plasmid pTi20/1 has an Smal finger-
print similar to that of pTiA6, it is not surprising
that it has fragments corresponding to Smal 10c,
16, and 17 that hybridize to the probe which
contains Smal fragment 10c, 16, and 17 se-
quences. Also, the three nopaline Ti plasmids
tested, pTiATV, pTil9/5, and pTil5/5, all
showed homology with the probe of common
DNA. Hybridization to this probe is notably
lacking for the plasmid pTiAg105 and pTiAgl23,
as might be predicted from the similarity be-
tween the Smal fingerprints of these Ti plasmids
and those studied by Thomashow et al. (27).
Other octopine Ti plasmids from biotype 3
strains pTiAg83, pTiAg86, and pTiK305 all
showed homology to the probe DNA. If the
DNA of pTiAg83, pTiAg86, and pTiK305 which
shares homology with the T-DNA of pTiA6 is
the T-DNA of those Ti plasmids from biotype 3
strains, then an Smal fragment appears to be
conserved among the T-DNA of those Ti plas-
mids. Like pAtAgl9 (7), the avirulent octopine
plasmids pAtAg34 and pAtAgl25 do not show
homology to the common DNA.

Agrobacterium strain 1 D 1109. The Agrobac-
terium strain 1 D 1109 was of special interest
since it was reported (21) to have a nopaline Ti
plasmid that coded for a very narrow host range
(weakly virulent on grapevine). We have been
unable to induce tumors on any plant host,
including grapevines, with this strain. Since the
ability of strain 1 D 1109 to catabolize nopaline
was lost after the introduction of an octopine Ti
plasmid, Loper and Kado (21) concluded that a
nopaline Ti plasmid had been excluded by in-
compatibility with the octopine Ti plasmid.
However, we have shown that the resident
plasmid of strain 1 D 1109 is compatible with
octopine Ti plasmids (V. Knauf, manuscript in
preparation). We detected no DNA homology,
even after long exposure of autoradiographs,
between strain 1 D 1109 and either the common
DNA probe or the nopaline Ti plasmid pTi2/6
(Fig. 2). Unless the plasmid in strain 1 D 1109
can be shown to code for virulence by transfer-
ring to another strain, there remains some doubt
as to whether this plasmid is a Ti plasmid.

DISCUSSION

Although it is commonly stated that octopine
Ti plasmids are highly conserved (12, 14, 25), the
data presented in this paper clearly indicate that
octopine Ti plasmids from biotype 3 strains of
Agrobacterium are widely divergent from the
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highly conserved octopine Ti plasmids found in
the biotype 1 strains examined. Moreover, the
concept that octopine Ti plasmids have devel-
oped more recently than nopaline Ti plasmids
(14) should be reevaluated since the 10 nopaline
Ti plasmids in this study appear more closely
related to each other than the octopine plasmid
pTi20/1 appears related to the octopine plasmid
pTiAg86.

Even though the biotype of a strain of A.
tumefaciens is chromosomally coded (17) and
presumably independent of Ti plasmids, there is
a correlation between the plasmid and the bio-
type of the natural isolate originally containing
that plasmid. Nine out of nine octopine Ti plas-
mids from biotype 3 strains share extensive
homology with pTiAg86. No octopine Ti plas-
mids have been found in biotype 2 strains, and
the octopine Ti plasmids from biotype 1 isolates
appeared to be very distantly related to
pTiAg86. Considering the plasmids pTi20/1 and
pTiS-8 together with the five octopine Ti plas-
mids described by Sciaky et al. (25) and pTiAchS
(6), eight out of eight octopine Ti plasmids from
biotype 1 isolates share essentially the same
Smal fingerprint pattern. Of the 10 nopaline Ti
plasmids considered here, the three different
Smal fingerprint types coincide exactly with the
biotype groupings of the original parent strains.

Previous work (10, 23) indicates that two main
regions of the octopine Ti plasmid pTiA6 are
directly associated with the ability to induce
tumors. One region, termed the oncogenic re-
gion and represented by the BamHI 8,29 clone
of pTiA6 DNA, is part of the DNA integrated
into plant DNA and is responsible for tumor
morphology (10, 11, 23). The second, the viru-
lence region, does not appear in plant DNA but
nonetheless is required for tumor formation (10,
23). White and Nester (33) have shown that the
Agrobacterium rhizogenes virulence plasmid
shares with pTiB6 group plasmids a wide host
range and a conserved portion of the virulence
region, but has a highly divergent oncogenic
region. Thomashow et al. (27) have shown that
plasmids such as pTiAgl62 share little homology
with either the virulence or oncogenic regions of
pTiB6 group plasmids and express very limited
host ranges. The data in this study indicate that
the wide host range pTiAg83 and pTiAg86 plas-
mids share homology with pTiB6 group plasmids
in the oncogenic region but not in the virulence
region. As had been observed earlier for octo-
pine and nopaline Ti plasmids (1, 5), it seems
remarkable that Ti plasmids pTiAg86 and
pTi20/1 have homologous DNA sequences in the
oncogenic regions, whereas DNA sequences in
other regions have diverged considerably more.
Since pTiAgl05 and pTiAg86 appear closely
related by DNA homology, it is interesting that
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the plasmid coding for the wider host range (20)
is the plasmid with some homology to the com-
mon DNA probe.

We suggest that the region of T-DNA termed
the common DNA is found in many Ti plasmids
because certain DNA sequences (the common
DNA) are required for the expression of a wide
host range. Tumor formation by A. tumefaciens
requires plant host wounding by some other
agent. Thus, A. tumefaciens is an opportunist
which cannot ‘‘choose’” its next host plant.
Strains of Agrobacterium which continue over
time to induce crown galls would be those which
induce crown galls often enough to outcompete
less pathogenic variants. For most strains, this
would require a wide host range, and therefore
the common DNA, to maximize opportunities.
Since cultivated grapevines are often subject to
wounding, biotype 3 strains such as Agl05
which are associated only with grapevines may
remain virulent (or increase their virulence) on
grapevines while allowing divergence of the
common DNA at the expense of host range.
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