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The relationship between the limited host range octopine Ti plasmids and the
wide host range octopine Ti plasnids pTiBe8O6 and pTiA6 was studied. The
limited host range Ti plasmids shared extensive deoxyribonucleic acid homology;
pTiAg63 and pTiAgl62 were essentially completely homologous with pTiAgl58
while pTiAg57 shared approximately 64% homology with pTiAgl58. In contrast,
the limited host range octopine Ti plasmids only shared 6 to 15% homology with
the wide host range octopine Ti plasmid pTiBe8O6. Thus, limited and wide host
range octopine Ti plasmids comprise distinct families of plasmids. The deoxyri-
bonucleic acid homology shared between the limited host range Ti plasmids and
pTiBe8O6, however, was distributed over some 50% of pTiB6806, suggesting that
both families ofplasmids evolved from a common progenitor plasmid. The limited
host range Ti plasmids showed relatively strong homology with pTiBe806 HpaI
fragment 7, a region which codes for octopine utilization by the bacterium, but
showed only weak homology with pTiBe806 HpaI fragment 12, a region required
for virulence. In addition, homology between the limited host range octopine Ti
plasmids and the "common deoxyribonucleic acid," sequences shown to have a
central role in plant cell transformation, was barely detectable when stringent
hybridization conditions were used. We therefore conclude that a highly conserved
version of the common deoxyribonucleic acid is not required for crown gall
tumorigenesis on all plant species.

The Ti plasmids of Agrobacterium tumefa-
ciens are a diverse group of large plasmids re-
sponsible for causing crown gall, a neoplastic
disease of dicotyledonous plants. Plant cell
transformation is known to involve the stable
transfer of a portion of the Ti plasmid, the T-
DNA, from bacterium to plant (6, 43). In two
tumor lines studied, the T-DNA has been shown
to be covalently linked to plant nuclear DNA (8,
41, 46, 48); other studies suggest that the inte-
gration of T-DNA into the plant genome is a
common feature of crown gall (40, 43). In all
tumor lines examined, the T-DNA is composed
in part of Ti plasmid sequences termed the
"common DNA" (40,43,47). The common DNA
sequences have been found in all previously
described Ti plasmids (5, 12, 19) and are believed
to encode the "oncogenes" active in the trans-
formation process (5, 12, 15, 34, 40).

In addition to oncogenicity, the Ti plasmids
code for a number of functions (14, 20, 25, 43,
44), including the determination of host range
(28, 42) and bacterial utilization and tumor pro-
duction of unusual guanido amino acids, primar-
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ily octopine, nopaline, and agropine (2, 16, 18,
32). DNA homology studies have suggested that
the Ti plasmids that code for octopine utilization
are a highly conserved group of plasmids (9); the
SmaI, BstI, EcoRI and HindIII restriction en-
donuclease digestion patterns of these plasmids
are virtually identical (36,40; unpublished data).
Recently, however, we described a group of oc-
topine-type Ti plasmids that were atypical in
two respects (42). First, the BstI restriction pat-
terns of these Ti plasmids were nearly identical
but bore little resemblance to the previously
described octopine Ti plasmids. Second, the un-
usual octopine Ti plasmids coded for a limited
host range; i.e., strains of Agrobacterium har-
boring these Ti plasmids could only form tumors
on a limited number of plants tested (42). In
contrast, the typical octopine Ti plasmids code
for a wide host range. In this report, we further
describe similarities and differences between the
limited and wide host range octopine Ti plas-
mids.

MATERIALS AND METHODS
Bacterial strains. The strains of Agrobacterium

sp. used in this study and the Ti plasmids they harbor
are listed in Table 1. All strains were maintained on
nutrient agar plates (Difco).
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TABLE 1. Strains ofAgrobacterium sp.

Strain Plasmid(s) Relevant pheno- Derivation

A208 pAtC58; pTiT37 WHR, NOC Sciaky et al. (36)
A277 pAtC58; pTiBe8O6 WHR, OCC Sciaky et al. (36)
Ag57Tr pAtC58; pTiAg57 LHR, OCC Thomashow et al. (42)
Ag63Tr pAtC58; pTiAg63 LHR, OCC Thomashow et al. (42)
Agl58Tr pAtC58; pTiAgl58 LHR, OCC Thomashow et al. (42)
Agl62Tr pAtC58; pTiAgl62 LHR, OCC Thomashow et al. (42)
Ag86Tr pAtC58; pTiAg86 WHR, OCC This study
Ag2/6Tr pAtC58; pTiAg2/6 WHR, NOC This study
Ag2/6 pTiAg2/6; other cryptic plasmids WHR, NOC Wild-type Agrobacterium sp. from C.

G. Panagopoulos
Ag86 pTiAg86; other cryptic plasmids WHR, OCC Wild-type Agrobacterium sp. from C.

G. Panagopoulos
A136 pAtC58 Avirulent Sciaky et al. (36)
aWHR, Wide host range (42); LHR, limited host range (42); NOC, nopaline catabolism; OCC, octopine

catabolism.

Isolation ofAg2/6Tr and Ag86Tr. Total plasmid
DNA was isolated from Ag2/6 (a nopaline-catabolizing
strain) and Ag86 (an octopine-catabolizing strain) as
described below and was used to transform A. tume-
faciens A136 by standard procedures (21). Nopaline-
or octopine-utilizing transformants were isolated by
selection on AB minimal agar (4), with nopaline or
octopine (400 gg/ml) serving as the sole carbon and
nitrogen source. The parental strains Ag2/6 and Ag86
and their respective transformants Ag2/6Tr and
Ag86Tr all have a wide range (V. Knauf and C. Pan-
agopoulos, unpublished data).
Plasmid isolation. Strains of Agrobacterium sp.

were grown overnight in either mannitol-glutamate
broth (35) or a 1:1 mixture of mannitol-glutamate-L
broth (31). Plasmid was then isolated by the Currier-
Nester procedure (10) without the addition of mag-
nesium phosphate. The isolation of the recombinant
molecules pNW31C-2,19-1 and pNW31C-8,29-1 from
the Escherichia coli strains in which they were har-
bored was as previously described (40); since the initial
description of the isolation of these recombinant mol-
ecules, they have been transferred from Eweherichia
coli X1776 to E. coli HB101.

In vitro labeling of DNA. DNA was labeled with
32p by the nick-translation reaction (29) as modified
(40).
DNA solution hybridization experiments. So-

lution hybridizations were performed by the method
of Currier and Nester (9). Plasmid DNA was sheared
in a French pressure cell at 12,000 lb/in2 and dissolved
(0.6 ug) in 20 pl of 0.15 M phosphate buffer containing
32P-labeled probe DNA (18 to 20 pg). The samples
were sealed in capillary pipettes, boiled for 5 min, and
incubated at 68°C for 12 or 24 h. The percentage of
probe DNA that had reassociated was assayed by
hydroxyapatite chromatography; probe reassociation
in the presence of heterologous DNA (salmon sperm
DNA) was only 1 to 4%.

RestrictioD endonuclease digestion. The re-
striction endonucleases HpaI (Bethesda Research
Laboratories), BamHI (Boehringer-Mannheim), and
SmaI (Boehringer-Mannheim) were used as recom-
mended by the suppliers. EcoRI was isolated as de-

scribed (1) and used in a reaction buffer consisting of
10mM Tris (pH 7.6), 6 mM MgCl2, and 100mM NaCl
at 370C.
Agarose gel electrophoresis and preparation

of nitrocellulose filters. Restriction digests were
fractionated by electrophoresis through 0.7% agarose
horizontal slab gels (0.5 cm thick) in 80 mM Tis-40
mM sodium acetate-4 mM EDTA, pH 8.0 (adjusted
with glacial acetic acid). The gels were stained with
ethidium bromide (0.5 ylg/ml), illuminated with an
ultraviolet light box (Model C-61; Ultra Violet Prod-
ucts, Inc.) and photographed with a MP 4 Polaroid
Land Camera equipped with orange and ultraviolet
filters.

Preparation of nitrocellulose filters and hy-
bridization conditions. Agarose gels were treated
with 0.5 M NaOH-0.8 M NaCl for 1 h followed by 0.5
M Tris-hydrochloride (pH 7.0)-1.5 M NaCl for 2 h
with gentle rocking at all times. The DNA was then
transferred to nitrocellulose by the Southern proce-
dure (38), except that 1Ox SSC (lx SSC is 0.15 M
NaCl plus 0.015 M sodium citrate) was used in place
of 20x SSC for the transfer. After the transfer (gen-
erally 24 h) the filters were rinsed in 2x SSC, air dried,
and baked either at 680C ovemight or at 80°C for 2 h
in a vacuum oven.
The baked filters were wet in 2x SSC and treated

with a prehybridization solution consisting of 6x SSC
and 1Ox Denhardt's solution (lx Denhardt's solution
is 0.02% bovine serum albumin, 0.02% Ficoll, and 0.02%
polyvinylpyrrolidone [11]) for 12 to 16 h at 680C in
polyethylene bags. This solution was then replaced
with 5 to 10 ml of a hybridization solution composed
of 6x SSC, 5x Denhardt's solution, 20 mM Tris-hy-
drochloride (pH 7.6), 0.1% sodium dodecyl sulfate, 20
jug of sheared denatured steelhead trout sperm DNA
per ml, 2 mM EDTA, and 32P-labeled probe DNA,
unless noted otherwise. The filters were incubated for
4 h at 680C before the addition of the denatured
(1000C for 5 min) 32P-labeled DNA probe. The filters
were then incubated for an additional 24 to 36 h at
680C. After hybridization, the filters were washed in
6x SSC-0.2% sodium dodecyl sulfate-5 mM EDTA
for 2 h at 680C with four changes of the solution,
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unless noted otherwise. The criterion of this hybridi-
zation procedure is approximately Tm - 41°C. Usually
the filters were wamhed for an additional 30 min in
0.3x SSC-0.1% sodium dodecyl sulfate at 68°C. In
these cases, the criterion of the hybridization was
much more stringent (approximately Tm - 170C). The
Tm values were calculated by the method of Howley
et al. (23), ass that the Ti p ids are 59% G
+ C (37). After hybridization and washing, the fflters
were dried and autoradiographed at -70°C for 1 to 24
h with Kodak RP-X-Omat film and a Dupont Cronex
iJghtning-Plus 7 E intensifying screen.

RESULT
Relationship between the limited and

wide host range octopine Ti plasmids. DNA
homology studies have shown that the wide host
range octopine Ti plasmids pTiB86, pTiA6,
pTi15955 and pTiB2A are at least 90% homolo-
gous (9). The limited host range octopine Ti
plasmids also share extensive homology among
themselves. pTiAg63 and pTiAgl62 are essen-
tialy completely homologous with pTiAgl58,
whereas pTiAg57 shows some 64% homology
with pTiAgl58 (Table 2). The limited host range
octopine Ti plsids, however, only share some
6 to 15% homology with the wide host range
octopine Ti plasmid pTIB06 and only 9 to 15%
homology with pTiT37, a wide host range no-
paline Ti pasmid.
We further examined the relationship be-

tween the limited and wide host range octopine
Ti plasmids by using a second experimental ap-
proach. HpaI andSmaI digests ofpTiB.6 were
fractionated by agarose gel electrophoresis, and
the ragments were transferred to nitroceilulose
filters. The filters were then cut into strips and
hybridized with tP-labeled pTiB6806, pTiAg57,
pTiAgl62, and pTiT37. The results of these
experiments (Fig. 1 and 2) indicate that the
homology between the limited host range Ti

TABLE 2. DNA homology between the limited and
wide host range Tiplasmids"

Homology (%) with:
Plasmid

pTiAgl58 pTiB,806 pTiT37
pTiAg57 64 6 13
pTiAg63 98 12 9
pTiAgl58 100 14 15
pTiAgl62 90 15 11

pTiBe806 100 15
pTiT37 15 100

' The Ti plasmids pTiAg158, pTiBedO6, and pTiT37
were labeled in vitro to specific activities of 1.7 x 10',
6.5 x 107, and 1.0 x 10B cpm/pg, respcvely. The
percent homologies between the probes and the indi-
cated plasmids were then determined as described in
the text.
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FIG. 1. Hybri&zation of the limited host range Ti

plasmids pTiAg57 andpTiAgl62 withpTiB.86 and
pTig6. SinaI or HpaI dists of pTi806S and
BamHI digests ofpTiAg63 were fractionated by aga-
rose gel ekctrophoresis and transferred to nitrocel-
lulose as described in the text; I pg of digested Ti

pkasid was loaded into a 2.5-cm wide welL SinaI
fragments 1 and 2 and HpaI fragmens I through 4

were fractionated for a longer period of time before
transfer to nitocelUlose than uwere the other SiaI
and HpaI fragments. The filters were then cut into
strips and hybridized withpTiAgl62 (2. x 108 cpm/
pg) (A), pTiAg57 (2.0 x 108 cpm/pg) (B),pMTiBA6 (2.0
x 108 cpm/pg) (C), orpTiT37 (1.9 x 10 cpm/pg) (D)
at a probe concenration of 10 ng/mL Conditions

were as described in the text excet that dring
hybridization and the 2 h of washing, the SSC con-
cetrWaion was3x SSC. The fidtes weregien a high-
stringency wash in 0.3x SSC and autoradiographed.

plsmids andpTB806 is distributed over a large
portion, approximately 50%, of pTiB.806. The
intensity of hybridization between the limited
host range Ti plasmids and the rtriction frag-

ments of pTiBBO6, however, was much weaker
than that of the homologous reaction (i.e., using
'P-pTiB,6 as the probe). Even when the hy-
bridization and washing procedures were con-
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FIG. 2. Regions ofhomology between the limited host range octopine Ti plasmids and the wide host range
TiplasmidpTiB0806. The HpaI and SmaI restriction maps ofpTiB68O6 have been published (7). All areas of
pTiBM806, except the T-region, showing relatively strong (U) or weak (J) hybridization with pTiAg57 and
pTiAgl62 were determined from the data presented in Fig. 1; homology with the T-region was deternined
from the data presented in Fig. 1, 3, 4, and 5. Areas of homology were based on stringent hybridization
conditions. Very weak homology between the limited host range plasmids and the small HpaI and SmaI
fragments ofpTiBe86 might not have been detected. In addition, the digests used in this study did not allow
us to determine whether the limited host range Ti plasmids share homology with pTiB6806 SmaI fragments
IOa or 6.

ducted under less stringent conditions (approxi-
mately Tm- 410C, the intensity of hybridization
did not change significantly; only SmaI fragment
8 and HpaI fragments 5, 6, and 12 showed a
slight increase in the intensity of hybridization
(data not shown). The weak homology was due
to peculiarities of the limited host range Ti
plasmid probes since the probes hybridized with
Southern transfers of BstI digests of pTiAg63 as
effectively as pTiB6806 hybridized with itself
(Fig. 1). These results suggest that only a frac-
tion of a given pTiB6806 restriction fragment
showing homology with pTiAg57 or pTiAgl62 is
actually homologous with the probe. This con-
clusion is consistent with the results of the DNA
solution hybridization experiments described
above; i.e., only a small amount ofhomology was

detected between the limited host range Ti plas-
mids and pTiB6806.
Do the limited host range Ti plasmids

have common DNA? All Ti plasmids studied
have a highly conserved DNA element termed
the common DNA (5, 12) which was originally
defined as including pTiB6806 SmaI fragments
16a, 17, and most of lOc (6; see Fig. 5). These
sequences have a central role in plant cell trans-
formation. They have been found in all tumor
lines studied (40, 43, 46), and mutations intro-
duced into this region of pTiB68O6 by insertion
of Tn5 have resulted in an altered tumor mor-
phology (15). To establish whether the limited
host range Ti plasmids contained the common
DNA, we treated pTiAg57 and pTiAgl62 with
BamHI, fractionated the digests by agarose gel
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electrophoresis, and transferred the DNA frag-
ments to nitrocellulose filters. Also included
were BamHI digests of pTiB6806 and pTiT37,
plasmids known to contain common DNA, and
pTiAg86 and pTiAg2/6. These latter plasmids

are wide host range octopine and nopaline type
Ti plasmids, respectively, originally harbored by
biotype 3 (24) strains of Agrobacterium spp.
isolated from grapevines; the limited host range

octopine plasmids were also isolated from bio-
type 3 strains of Agrobacterium spp. found in
galls on grapevines. The filters with the bound
DNA were then hybridized with 'P-pNW31C-
8,29-1, a recombinant plasmid containing essen-

tially all of the common DNA sequences from
pTiA6 inserted into pBR322. After hybridiza-
tion, the filters were given a high-stringency
wash (approximately Tm - 1700) so that only
well-matched sequences would remain annealed.
As expected, pTiB.806 BamHI fragments 8 and
29 hybridized with the probe (Fig. 3). pTiT37
also showed extensive homology with the probe,
as did pTiAg86 and pTiAg2/6. The hybridiza-
tion was due to the common DNA sequences
since the cloning vehicle, pBR322, did not hy-
bridize with the plasmids (data not shown). In
contrast, hybridization of the common DNA
probe with the limited host range Ti plasmids
was barely detectable. When the common DNA
probe was hybridized with Southern transfers of
SmaI-digested pTiAg57 or pTiAgl62 (Fig. 4) or

pTiAg63 and pTiAgl58 (data not shown) under
stringent hybridization conditions, again only
faint hybridization was observed. We therefore
conclude that the limited host range Ti plasmids
do not contain a highly conserved version of the
common DNA.
To determine whether the limited host range

Ti plasmids contained sequences related to the
common DNA, we hybridized the Southern
transfers of the SmaI-digested Ti plasmids with
pNW31C-8,29-1 under conditions of low strin-
gency (Tm - 420C). These conditions should
allow DNA strands that are mismatched by
approximately 30% to anneal. The autoradi-
ograms show (Fig. 4) that there was an increase
in hybridization ofthe commonDNA probe with
the limited host range plasmids, indicating that
they have sequences related to the common
DNA. To determine whether the limited host
range Ti plasnids have DNA sequences related
to the entire common DNA region or to only a

portion of it, we fractionated a SmaI digest of
pNW31C-8,29-1 by agarose gel electrophoresis
and transferred the fragments to nitrocellulose.
The filters were then cut into strips and hybrid-
ized with pTiAg57, pTiAgl62, and pTiBe806 at
low and high stringencies. At high stringency
(Tm - 170C), hybridization of the limited host

J. BACTERIOL.

range plasmids with the filters was undetectable
(Fig. 5), whereas at low stringency (Tm- 420C),
hybridization was observed with each of the
SmaI fragments of pNW31C-8,29-1. We there-
fore conclude that the common DNA sequences
that are related to the limited host range Ti
plasmids are distributed over most of the com-
mon DNA region.
Homology between the limited host

range Ti plasmids and the right half of the
wide host range Ti plasmid T-region. The
experiments described above show that the lim-
ited host range Ti plasmids have sequences ho-
mologous with pTiB6806 HpaI fragment 13, even
under conditions of high stringency (Fig. 1).
From the data presented, however, we could not
conclude whether the limited host range Ti plas-
mids shared homology with the region of
pTiB68O6 between HpaI fragment 13 and SmaI
fragment 7 (Fig. 5). We therefore digested the
recombinant plasmid pNW31C-2,19-1 with
EcoRI, separated the fragments by agarose gel
electrophoresis, and transferred the DNA to ni-
trocellulose filters. The filters were then hybrid-
ized with pTiBs8O6, pTiAg57, and pTiAg162 at
low stringency (Tm - 420C). The data show (Fig.
5) that there is essentially no homology between
the limited host range Ti plasmid and the right
end of the T-region of pTiB68O6.
Regions ofhomology between the limited

host range Ti plasmids and pTiB6806. In
addition to the common DNA, other regions of
pTiB6806 were also expected to be homologous
with the limited host range octopine plasmids.
Both Ti plasmid types code for octopine catab-
olism by the bacterium (2, 32, 42). The region of
pTiBs8O6 which encodes the octopine catabo-
lism genes is that of HpaI fragment 7 (15, 25).
Indeed, one of the strongest regions of homology
between the limited host range Ti plasmids and
pTiB6806 is pTiB6806 HpaI fragment 7 (Fig. 1).
pTiT37 does not code for octopine utilization
and shows only slight homology with this region
of pTiBr806. Another region of homology that
might be expected is HpaI fragment 12. These
sequences code for an as yet unknown virulence
function; mutations in this region of pTiBe806
result in avirulence (15, 34). Relatively strong
homology with this region of pTiBs8O has been
found with nopaline Ti plasmids (13; see pTiT37
results [Fig. 1]) and the distantly related "hairy
root" virulence plasmid of Agrobacterium rhi-
zogenes (45). Surprisingly, homology between
the limited host range Ti plasmids and this
region of pTiB.806 was only barely detectable
(Fig. 1). Finally, a striking feature of the results
presented in Fig. 1 is the similarity in hybridi-
zation pattems of pTiB68O6 with the limited
host range Ti plasmids and pTiT37. These data
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FIG. 3. Hybridization ofpNW31C-8,29-1 with the limited host range Tiplasmids and representative wide

host range Ti plasmids. BamHI digested Ti plasmids were fractionated by agarose gel electrophoresis and
transferred to nitrocellulose. The filters were then hybridized with the common DNA probe, 32P-labeled
pNW31C-8,29-1 (7 x 107 cpm/lpg; 10 ng/ml), washed at high stringency (Tm- 17°C), and autoradiographed.
The top and bottom arrows point to the weak hybridization seen with the digests ofpTiAg162 and pTiAg57,
respectively.

suggest the possibility that a large portion of the
sequences conserved in the limited and wide
host range octopine Ti plasnids is also found in
the nopaline Ti plasmids.

DISCUSSION
From the data presented in this report we

conclude that two widely held beliefs about Ti
plasmids must be modified. First, it has been

suggested that the octopine Ti plasmids are a

highly conserved group of plasmids (36). This
notion, however, was based on the examination
of relatively few Ti plasmid isolates. It is clear
from the data presented here that the octopine
Ti plasmids that code for a limited host range
(42) are a distinct group of Ti plasmids distantly
related to the previously described octopine Ti
plasmids. We suspect that a survey of additional
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FIG. 4. Hybridization ofpNW31C-8,29-1 with the limited host range Tiplasmids at high and low stringen-
cies. SmaI digested Ti plasmid DNAs were fractionated by agarose gel electrophoresis and transferred to

nitrocellulose filters. The filters were then hybridized with 3P-labeled pNW31C-8,2-1 (2.8 x 107 cpm/pg; 10

ng/ml), washed at high (Tm- 17C) and low (Tm- 42°C) stringencies, and autoradiographed.

octopine Ti plasmids will define even more fam-
ilies. Indeed, the data presented suggest that the
wide host range octopine Ti plasmid pTiAg86 is
distinct from both the limited Ti plasmids and
the "common" wide host range octopine Ti plas-
mids; the BamHI restriction pattern of pTiAg86
is different than that of both pTiBs8O6 and the
limited host range Ti plasmids (Fig. 3). Although
the data indicate that the limited host range and
common wide host range octopine Ti plasmids
are distinct families of plasmids they do suggest
that both plasmid types evolved from a common

ancestral plasmid. This follows from the obser-
vation that the limited sequence homology
shared between pTiBs8O6 and the limited host
range Ti plasmids is dispersed over a large por-
tion of the plasmids. Whether or not all Ti

plasmids have evolved from a common ancestral
plasmid is unknown. However, it has been sug-

gested that the nopaline Ti plasmids (13, 22),
the virulence plasmid of A. rhizogenes (43), and
pTiB.806 have also evolved from a common

progenitor plasmid.
A second widely held belief about Ti plasmids

is that they all contain a highly conserved DNA
element, the common DNA, which is responsible
for tumor formation (5, 12, 15, 17, 34, 40). The
tumors incited by the limited host range octo-
pine Ti plasmids appear to be typical unorga-

nized tumors; upon culturing, the tumor tissues
are phytohormone independent and produce oc-

topine (V. Knauf, unpublished data). Thus, it
was expected that the limited host range Ti
plasmids would contain the highly conserved
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FIG. 5. Homology between the limited host range Ti plasmids and the T-region ofpTiA6. pNW31C-2,19-1
that had been digested with both BamHI and EcoRI and SmaI-digestedpNW31C-8,29-1 were fractionated by
agarose gel electrophoresis and transferred to nitrocellulose. The filters were then cut into 8trips and
hybridized with in vitro-labeled pTiB6806 (2.7 x 107 cpm/pg), pTiAg57 (3.2 x 107 cpm/pg), or pTiAg162 (5.0
x 177 cpm/pg); all probes were used at 5 x 105 cpm/ml. The filter strips were then washed at the indicated
stringency and autoradiographed. Also shown are the HpaI and SmaI restriction maps of the T-region of
pTiA6, the common DNA sequences, the Ti-plasmid sequences contained in the T-region clones pNW31C-
8,29-1 andpNW31C-8,19-1, and the fragments generated by SmaI or BamHI/EcoRI digestion ofthe respective
clones. Migration of the cloning vehicle (CV) pBR322 is indicated.

common DNA. This was not the case. Hybridi-
zation between the limited host range octopine
Ti plasmids and the common DNA was barely
detectable when stringent hybridization condi-
tions were used (Fig. 3 and 4). We therefore
conclude that a highly conserved common DNA
is not required for crown gall tumorigenesis on

all plant species.
The full significance ofthis finding is not clear.

The human papovavirus BK and simian virus 40
code for tumor antigens that are immunologi-
cally cross-reactive (39) and presumably have
similar functions. Homology between these
genes is not detected under standard conditions
of hybridization (Tm - 2500); the stringency
must be lowered (Tm- 350C) for DNA homol-
ogy to be observed (3, 23, 33). Similarly, we
detected homology between the limited host

range Ti plasmids and the common DNA region
of pTiB6806 and pTiA6 when hybridization was
carried out at low stringency (Fig. 4). If the
limited host range Ti plasmid sequences that are
related to the common DNA are transferred to
the plant cells, it is possible that these sequences
make a gene product(s) very similar to the trans-
formation product(s) presumably encoded by
the common DNA sequences. Alternatively, the
oncogene(s) encoded by the limited host range
octopine Ti plasmids might be different than
those of the wide host range octopine plasmids;
i.e., there might be more than one oncogene(s)
that can induce the formation of unorganized
crown gall tumors. A comparison of the T-DNA
sequences and their expression in tumors incited
by limited and wide host range octopine Ti
plasmids should help clarify the situation.

Hpa I
Sma I
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The homology between the limited host range
Ti plasmids and HpaI fragment 13 of the wide
host range octopine Ti plasmids is also intrigu-
ing. Chilton et al. (5) showed that these se-
quences are preserved on most Ti plasmids and
might be considered as part of the common
DNA. Recently, Ooms et al. (34) showed that
insertion of Tn904 into the left-hand portion of
HpaI fragment 13 results in weakly virulent
strains of A. tumefaciens that produce tumors
with altered morphology on Kalanchoe daigre-
montiana. The right-hand portion ofHpaI frag-
ment 13 has been implicated in coding for octo-
pine production by the tumor cells. Whether the
homology between the limited host range Ti
plasmids and the HpaI fragment is with the area
concerned with tumor formation or octopine
synthesis by the tumor remains to be deter-
mined.
An additional point concerns the molecular

basis of host range. We and others (28, 42) have
shown that host range is primarily determined
by the Ti plasmid. The data presented suggest
two areas of the Ti plasmid that might be in-
volved in determining host range. The nopaline
plasmids pTiT37 and pTiAg2/6 and the octopine
Ti plasmids pTiBr8O6 and pTiAg86 all share
extensive homology with the common DNA re-
gion of pTiA6 (Fig. 3), and each plasmid codes
for a wide host range (42; V. Knauf and C. G.
Panagopoulos, unpublished data). In contrast,
the Ti plasmids pTiAg57, pTiAg63, pTiAg158,
and pTiAgl62 code for a limited host range (42)
and have a more distantly related common
DNA. The correlation of host range with the
presence or absence of a highly conserved com-
mon DNA raises the possibility that the com-
mon DNA itself plays a role in determining host
range. One could imagine that the gene prod-
uct(s) active in transforming one plant species
might not be active or as effective in transform-
ing another plant species.
Another region of the Ti plasmid that might

be involved in determining host range is the
region of pTiB68O6 HpaI fragment 12. Essen-
tially all of the Ti plasmids that have been
examined have a high degree of homology with
this region of pTiBe8O6: these plasmids include
the nopaline Ti plasmids pTiC58, pTiT37,
pTi223 and pTiIIBV7 (13), the agropine Ti plas-
mid pTi542 (13) and the wide host range octo-
pine plasmids (13; Fig. 1). The virulence plasmid
of A. rhizogenes responsible for causing hairy-
root disease also shows a high degree of homol-
ogy with pTiB6806 HpaI fragment 12 (45). The
limited host range Ti plasmids, however, share
little homology with this region of pTiB6806
(Fig. 1). This observation is of interest since it
has been shown that these sequences encode an

J. BACTERIOL.

essential virulence function; mutations in this
region of the Ti plasmid results in avirulence
(15, 34). The virulence product(s) encoded by
this region of the plasmid is unknown. It has
been shown, however, that the initial stages of
crown gall tumorigenesis involve the binding of
the A. tumefaciens cells to the plant cells (26,
27) and that effective binding is coded for by the
Ti plasmid (30). We have suggested that the
limited and wide host range plasmids might
allow the Agrobacterium to bind to different
plant cell types, thereby dictating host range
(42). Perhaps the pTiB68O6 HpaI fragment 12
sequences code for a product(s) involved in the
bacterial plant cell binding process.
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