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ABSTRACT

A gene bank of Agrobacterium tumefaciens D286 wt has been constructed by
cloning D286 wt DNA partially digested with EcoRI in the cosmid vector
pLAFRI. The library; composed of 1750 members with a 27.7 kb average in-
sert s.ze wes probed with pCDIn5-3, a cosmid vector carrying a D286:: Tn5
insert¢ from the strain D28u.: Tv'5 4. =-. In this manner one recnmbinant
cosmid of the library, pCD0932, was detected., The insert DNA of pCD0932
has sequences homologous to the D286:: Tn5 insert of pCDTn5-3, therefore
it carries putative wt agrocin D286 genes (or sequences affecting agrocin
D286 production). The insert DNA of pCD0Y32 was isolated and used to probe
the D286 wt gene library. This first step in chromosome walking resulted
in the detection of pCD2375. EcoRI restriction digestions and DNA homology
studies of pCD0932 and pCD2375 showed that their D286 wt inserts are both
composed of 4 EcoRI DNA sub-fragments totalling 21.8 and 24.% kb respec-

tively, with an overlapping sequence exteading 3.5 kb.

In order to overcome the failure to detect A. tumefaciens cells trans-

formed with pCD0932, attributed to Te* (conferred by pCD0$32) not being

an efficient selectable marker in most Agrobacterium strains, we con-
structed vector pSUP204-1. Such vector has been derived from pSUP204 which
we slightly altered by cloning into it a 700 bp X DNA Sall fragmet. This
resulted in insertion inactivation of the Tc' gene, a feature that, in
addition to its Ampr marker, allows the use of pSUP204-1 as a subcloning
vector in conjugations and transformations inveolving pCD0932 or pCD2375

and strains D286:: tn5 Ag- and C58 CI1G.

Preliminary work on the characterisation of pCD0932 and pCD2375 through
restriction endonuclease mapping indicate that in addition to EcoRI, Sall
and BgllIl wil) be useful cnzymes since they produce a reasonable spread

of not too numerous DNA fragments.
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As a result of this work two recombinant cosmids bearing

D286 wt DNA inserts, at least one of which (pCD0932) contains DNA se-
quences putatively affecting agrocin D286 production, are now available
for further genetic manipulations. pSUP204-1 should prove useful as a
subcloning vector for transformations and conjugations involving
recombinant cosmids from the D286 wt gene bank and Agrobacterium

strains. Future work on the molecular biolog' of agrocin D286 production

is discussed.




Abbreviations

Amp ampicillin

Cm chloramphenicol

cpm counts per minute

CSIR Council for Scientifi~ and Industrial
Research

dCTP deoxycytosine triphosphate

dpm dusintegrations per minute

hs hours

kb kilchase

A lambda phage

MHE or M1II lambda Hind 111/EcoRl diges
AH or)ll lambda Hind TiJ aigest

LB Luria broth

LMCB Laboratory for Molecular and Cell Biology
(Johannesburg)

NA nutrient agar

Nal nalidixic acid

nm nanometres

Nm omycin

rpm revolutions per minute

TBE " ris borate EDTA buffer

Te Tetracycline

TE Tris EDTA buffer

U unit

uv ultraviloet

v volt

wt wild type
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1 LITERATURE REV'FW OF CROWN GALL DISEASE

1.1 SUMMARY

A. tumefaciens causes crown gall disease in a wide range of plants (De
Cleene and De Ley, 1976). The disease is characterised by the formation
of tumors c2lled crowr galls (Brown and Wuite, 1943). Crown gall cells
are able tc grow in the absence of phytohormones (Brown, 1958) and produce
opines (Tempe and Goldman, 1982) which can be catabolized by virulent
bacteria (De Greeve et 4&l.,1984; Holsters et al,1980) and may induce
conjugal transfer of Ti-plasmids (Ellis et &/.,1982; Petit et &1.,1978).
The events leading to plant tumor formation are, chronologically, as
follow : (i) Agrobacteria penetrate and multiply at wounds sites, at-
tachment seems to be an essential step in tumor induction (Douglas et
al.,1985).(ii) The T-region of the Ti plasmid then becomes integrated in
the plant nuclear genome (Chilton et al.,l?77).‘ (iii) In the plant cells
the T-DNA is transcribed in a characteristic set of different mRNAs
(Willimitzer et &l.,1983) some of which are trénslated into enzymes that
mediate production of opines while others determine enzymes that are in-
volved in the production of the phytohormones indole acetic acid (an
auxin) (Garfinkel et al.,1981; Ooms et «1.,1981) and isopentyl AMP (a

cytokinin) (Barry et al.,1984; Akiyoshi et al.,1984).

Besides the T-region the only other pert of the Ti-plasmid necessary for
tumor induction is the virulence region (Yanofsky et al.,1985; Stachel
and Zambrisky, 1986) but during crown gall induction the virulence region
is not integrated in the plant nuclear genome. The Ti plasmid must be,
therefore, processed so that only the T-region is inserted. The vir
genes, which are expressed in the bacterium only after induction factors

present in plant exudates (Stachel et &l.,1985), play a role in T-region




processing and transfer (Bolton et al.,1986). A physical linkage be?waen
T-region and virulence region is not necessary for T-region transfer
(Schell and Montagu, 1983). The border sequences surrounding the T-region
contain 24 bp direct repeats that are recognition signals for T-DNA
transfer, the right border being essential for transfer and integration
(Shaw et al.,1984, Wang et al.,1984; Joos et al.,1983). Recently described
sequences called overdrive act as transfer enhancers in octopine Ti-
plasmids (Peralta et &l., 1986). Since the inner region of the T-region
is not necessary for T-DNA integration , it can be deleted eliminating
oncogene sequences encoding opine production. This has revolutionised the
development of Ti-plasmid derived plant gene vectors some of which have
been successfully used for expression of foreign genes (using the NOS
promoter sequences) in transformed plant cells (Herrera-Estrella et al,

1983).

The host range of crown gall is perhaps the widest among bacterial plant

diseases, dicotyledoneous plants are most susceptible (De Cleene and De

Ley, 1976) but other families are alsc genetically colonised by A.

r,?" tumefaciens. The host range of crown gell is determined , at least partly,
by the Ti-plasmid (Loper and Kado, 1979; Thomashow, 1980) and oncogene 4

k2 (eyt:cytokinin) is clearly involved (Buccholz and Thomashow, 1984;

Hoekema ef al.,1984%) but the determinants of host range have not yet been

entirely defined.

Ti-plasmids contain the necessary information for the catabolism of
opines v (ich seemingly enter the bacterium's cell via a high affinity
,; 1,'j active transport system involving a periplasmic permease (Murphy and
1 l Roberts, 1979). A. radiobacter 84, in turn produces agrocin 84, a
1 ) ; bacteriocin-like antibiotic which acts as an illegitimate substrate for
: | the high affinity uptake system of nopaline type plasmids (Murphy et al,
1979) therefore inhibiting virulent strains carrying such Ti-plasmids.

A. radiobacter, in addition, competes for attachment sites which appar-~

:
!
:
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ently produces some degree of biological control as well. A ralldballl?
84 has proven effective for the biological control of crown gall in se-
veral situations around the world. However, agrocin 84 does not inhibit
virulent Agrobacterium strains harboring octopine type plasmids and not
all nopaline producing strains are controlled either. Crown gall from
grapevines can not be controlled by A ralldballl# 84 (Thomson, 1986).
In addition, breakdown of biological control can occur (Kerr and Tate,
1983), therefore 1in some laboratories efforts have been directed into
discovering strains producing agrocins with broader andldr different host
ranges than that of A  ralldballl7 84. In this regard, progress has been
made in the LMCB (Johannesburg). Studies on A tumefaciens strains J73
and D286 have been the most successful. Agrocin D286 has a broader host
range , at least in [fIl#o, than agrocin 84 (Hendson et a, /[Z/I7983). A

tumefaciens J73 can inhibit crown gall in [J7#o0 in grapevines.

1.7 HOST RANGE OF CROWN GALL AND BIOTVPES OF A. TUMEFACIENS

A review published by De Cleene and De Ley (1976), which is to date the

most extensive source of information on crown gall susceptibility of

plants, indicate that no lower plant /[ZIllgdi, [#iollI1&/[J[I17i[é[II1I1#) is
known to be a host for crown gall but 600]of the gyrvnosperms and the
dicotyledonous angiosperms examined were sensitive to crown gall. The
gymnosperms contain at least two classes which are susceptible to crown
gall; the class [B/[TITT/TIT4d and the class [4/B/[I114//The angiosperms,
in particular dicotyledons, are good hosts for crown gall; 84 families
are sui,cepti’ lie. Monocotyledons are largely nonsusceptible; only three
families M longing to the orders [II74/777Jand Arajes were found to be
susceptible. The list of plants tested, it should be noted, is a minimal
fraction of t ;e tracheophytes (vascular plants), which amount to more the[]

200.000 species.



































