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Abstract 

In this article it is shown that the T-DNA of  Agrobacterium tumefaciens contains besides the well-known cyt 
and aux genes another  gene with an oncogenic effect in plants. The gene in question is called 6 b and causes 
the formation of  small tumors in plant species such as Nicotiana glauca and Kalanchoe tubiflora. 

Introduction 

The soil bacterium Agrobacterium tumefaciens is a 
phytopathogen by virtue of  its ability to transform 
normal  plant cells into tumor  cells. This eventually 
results in tumor  format ion in dicotyledonous plants. 
The molecular mechanism underlying this bacte- 
r ium-plant interaction has been described in some 
detail (for a recent review see [11]). Transfer of  a piece 
of  oncogenic DNA, the T-DNA, originating from 
the large, bacterial Ti plasmid, to plant cells at the 
infection sites is the key event of  the process. The T- 
DNA contains onc genes, the expression of  which is 
responsible for the tumorous character of  the trans- 
formed plant cells. Mutational analysis has shown 
that three one genes are of  prime importance, viz. the 
genes cyt (ipt), auxl (iaaM) and aux2 (iaaH). These 
genes code for enzymes involved in the biosynthesis 
of  the cytokinin isopentenyl-AMP (cyt) and the aux- 
in indole acetic acid (auxl, aux2). Mutations in 
Agrobacterium T-DNA genes other than cyt, auxl 
and aux2 did not lead to avirulence [4]. Therefore, 
it is questionable whether any of  the other genes that 
naturally are present in the T-DNA, are involved in 
tumorigenesis. Only some indirect data point to a 
possible accessory or regulatory role of  some of  these 

genes (e.g. T-DNA genes 5 and 6 a, 6 b) in tumorige- 
nicity. Mutations in the area covering genes 6 a and 
6 b of  the wild-type octopine Ti plasmid were found 
to lead to an increased size of  tumors induced on 
kalanchoe [4] but similar mutations in the nopaline 
Ti plasmid had no such effect [9]. Recent data 
showed that gene 6 a determines a permease system 
for the excretion of  octopine and related opines from 
transformed plant cells [12], which makes a role of  
this gene in determining tumor  size difficult to un- 
derstand. In this paper  we show that T-DNA gene 6 b 
is an onc gene by itself, capable of  inducing tumor  
format ion in a limited set of  plant species. 

Materials and methods 

Bacterial strains and plasmids 

Escherichia coli strain KMBLlI64  thi pro lac (P, van 
de Putte) was used as a recipient for plasmid con- 
structs in t ransformation experiments. Transformed 
plasmids were subsequently transferred to Agrobac- 
terium via conjugation in triparental matings with 
HB101 (pRK2013). The binary vector pBinl9, which 
contains a Km r marker, was described by Bevan [2]. 
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Agrobacterium strain LBA4404 [6] was used as a re- 

c ipient  for  the b ina ry  constructs .  S t ra in  LBA1834 is 

a cyt aux doub le  m u t a n t  [5], while LBA4443 is a 

derivat ive o f  LBA4404 con ta in ing  a b ina ry  vector, 

which still con ta ins  oc top ine  Ti T -DNA genes 5, 6 b 

and  3 [7]. S t ra in  LBA1010 conta ins  the wi ld- type  Ti 

p l a smid  and  is used as a con t ro l  in vi rulence assays. 

Conjugation, cloning, D N A  isolation 

Clon ing  exper iments ,  D N A  iso la t ions  etc. were done  
accord ing  to the  p ro toco l s  in the  l a b o r a t o r y  m a n u a l  

o f  Man ia t i s  et al. [10]. C o n j u g a t i o n s  were p e r f o r m e d  

on  Sar to r ius  filters as descr ibed  previously  [8]. Trans- 

con jugan t s  were selected by the r i f ampic in  resistance 

(20 # g / m l )  o f  the  Agrobacterium recipient  

LBA4404 and  the kanamyc in  resistance (50/~g/ml)  

o f  the  pB in l9  vector  on  SM min ima l  m e d i u m  plates  

[8]. 

Virulence assays 

These were done  using Kalanchoe tubiflora and  

Nicotiana glauca plan ts  as descr ibed  previous ly  [8]. 

Results 

Several years ago the Ti p l a smid  was d i s a rmed  in 

several l abora to r i es  inc luding  ou r  own via the  inact i -  

va t ion  o f  the  T-cyt gene as well as one  or  bo th  o f  the  

T-aux genes. Agrobacterium strains ca r ry ing  such 

p l a smids  were said to be d i sa rmed ,  because  they were 

no longer  capab le  o f  induc ing  t umors  on p lan t  spe- 

cies such as tobacco  and  tomato .  However, when 

ana lyz ing  such strains on  a wider  range o f  p lan t  spe- 

cies we and  others  [14] found  unexpec ted ly  tha t  some 
were able  to fo rm small  t u m o r s  on  Kalanchoe 
tubiflora and  Nicotiana glauca. As an  example  

s t ra in  LBA1834 can  be men t ioned .  This  s t ra in  con-  

ta ins  a der ivat ive o f  the  oc top ine  Ti  p l a smid  with in- 

ac t iva ted  genes aux2, cyt and  6 a [5]. Therefore,  in 

this  case any o f  the  T -DNA genes auxl, 5, 7, 6 b or  3 

might  be respons ib le  for oncogenic i ty  on the two 

p l an t  species men t ioned .  A n o t h e r  example  concerns  
s t ra in  LBA4443,  which is a derivat ive o f  the he lper  vi- 
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Fig. 1. On the map of the Bam HI fragment 17 a (coordinates 
9062-13774) of the octopine Ti plasmid [2, 3], the cleavage sites 
for the restriction enzymes Bam HI (B), Pst I (P) - coordinates 
9211 and 10069 - and Sma I (S) - coordinate 11207 - are indi- 
cated according to Barker et aL [1]. The symbols p and t denote 
promoter and terminator, respectively. 

ru lence  s t ra in  LBA4404 with a b ina ry  vector  embrac-  

ing the  T -DNA genes 5, 6 b and  3 [7]. In  o rder  to f ind 

out  di rect ly  whether  gene 6 b had  anyth ing  to do 

with this p h e n o m e n o n ,  we c loned the Bam H I  frag- 

men t  17 a, which conta ins  genes 6 a and  6 b (Fig. 1) 

f rom the wi ld- type  oc top ine  Ti p l a smid  in bo th  

o r ien ta t ions  into the  b ina ry  vector  pBinl9 .  Af t e r  

t ransfer  to the  helper  virulence s t ra in  LBA4404 we 

assayed the resul t ing strains LBA4463 and  LBA4464 

for  v i ru lence  and  found  tha t  bo th  were able  to in- 

duce smal l  t u m o r s  on K. tubiflora and  N. glauca in- 

deed (Fig. 2). This shows tha t  ei ther  gene 6 a or  6 b or  

bo th  are onc genes by themselves.  In  o rder  to deter- 

mine  whether  gene 6 b was solely responsible  for 

tumor igenic i ty ,  we deleted a Pst I segment  - coor-  

d ina tes  9211-10069 [1] f rom f ragment  Bam H I  17 a 

(Fig. 1) in vector  pACYC184, recloned the dele ted  

Bam H I  17 a f ragment ,  which carr ies  gene 6 b bu t  not  

6 a, into pBin l9  in bo th  or ien ta t ions  and  t ransfer red  

the  resul t ing p lasmids  to LBA4404. The  result ing 

s trains  cal led LBA4465 and  LBA4466 were indeed  

able  to induce  smal l  t umors  on N. glauca and  K. 

tubiflora whereas the vi rulence helper  s train (with or  

wi thou t  the  pBin l9  vector)  did  not  induce  any 

p ro l i f e ra t ion  at all. This la t ter  result  proves tha t  in 
fact gene 6 b is an onc gene with a tumor igen ic  effect 

on ly  on  pa r t i cu la r  p lan t  species such as N. glauca 
and  K. tubiflora. 

Discussion 

In this pape r  we have shown tha t  the T -DNA o f  the 

Ti p l a smid  contains ,  besides the  three well- 
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Fig. 2. Tumor formation on Nicotiana glauca by LBA4404 (left: no tumors formed), LBA1010 (middle: large tumors formed) and 
LBA4463, LBA4464 (right: small tumors induced). LBA4404 only contains the virulence helper plasmid; LBA1010 contains the wild-type 
Ti plasmid; LBA4463, LBA4464 are derived from LBA4404 and have the pBinl9 vector with the Barn HI 17 a fragment in two orientations. 

charac te r ized  onc genes cyt, auxl  and  aux2, at least  
one  more  gene cal led 6 b with an  oncogenic  effect on  

cer ta in  p lan t  species. In  the l i terature  cer ta in  mor-  

phogen ic  effects have been  asc r ibed  to gene 6 b. Mu-  

t a t ions  in the  area  covering genes 6 a and  6 b o f  the  

oc top ine  Ti  p l a smid  were r epor ted  to  result  in the  

f o r m a t i o n  o f  larger  t u m o r s  on  ka l anchoe  [4], 

a l t hough  a s imi lar  effect was no t  seen in the  nopa l ine  

Ti system [9]. A n y  inh ib i to ry  role o f  gene 6 b on  

t u m o r  f o r m a t i o n  on  ka l anchoe  is d i f f icul t  to recon-  

cile wi th  its oncogen ic  effect per  se on the same p lan t  

species as shown in this article. Doub le  mu tan t s  wi th  

a m u t a t i o n  in gene cyt as well as in 6 b induce  t u m o r s  

on  K. tubiflora f rom which more  roots  prol i fera te  

t han  f rom t u m o r s  fo rmed  v ia  cyt mutan t s  [14]. Ream 

et al. [14] have shown also tha t  doub le  mu tan t s  wi th  
m u t a t i o n s  in aux  and  the 6 b gene cause t u m o r s  tha t  

are less p rone  to shoots  f o r m a t i o n  as c o m p a r e d  to 

aux  mutants .  These  la t te r  d a t a  reveal tha t  gene 6 b 

has  an  inh ib i to ry  effect on  roo t  f o r m a t i o n  and  

s t imula tes  shoot ing .  Such effects cou ld  be expla ined  

i f  the  p roduc t s  de t e rmined  by gene 6 b led to break-  

down or  inac t iva t ion  o f  auxin  or  m o d i f y  a cy tokin in  

into a more  po ten t  form.  Al ternat ively ,  the  gene 

might  make  t r a n s f o r m e d  p lan t  cells more  sensitive 

to  cy tok in in  or  less sensitive to auxin.  The  fact tha t  

gene 6 b acts as an  onc gene by i tself  shows tha t  if  the  

p roduc t s  o f  gene 6 b are involved in the  m o d i f i c a t i o n  

o f  a class o f  p h y t o h o r m o n e s ,  the  target  molecules  

are not  (only)  the  p lan t  growth  regula tors  f o rmed  via 

the  T - D N A  genes, bu t  ra ther  compr i se  those  fo rmed  

by the p lan t  cells natural ly.  
Gene  6 b is no t  on ly  present  in the  oc top ine  Ti 

p l a smid  T-DNA,  bu t  also in tha t  o f  the  nopa l ine  Ti 

p l a smid  [9, 15]. Moreover,  h o m o l o g o u s  sequences 

have also been detected in the  T-DNAs o f  the  l imi ted  

hos t  range type  Ti p l a smid  pTiAG162 [16]. The  wide-  

spread  occur rence  o f  these 6b-like sequences sug- 

gests tha t  the  gene plays a role in the  in te rac t ion  o f  

m a n y  dif ferent  ag robac te r i a  and  p lan t  cells. 

A l t h o u g h  no t  essential  for  t u m o r  f o r m a t i o n  on  the 

p lan t  species s tud ied  thus  far, it  might  be tha t  the  
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g e n e  h a s  a m u c h  m o r e  p r o m i n e n t  ro le  i n  t u m o r i g e -  

n i c i t y  o n  s o m e  p l a n t  spec ies .  

E v e n  o n  p l a n t  spec ies  w h e r e  n o  d i r e c t  o n c o g e n i c  

e f f e c t  o f  6 b is s e e n  s u c h  as  t o b a c c o ,  i ts  p r e s e n c e  

l e a d s  p r o b a b l y  to  g r o w t h  a b e r r a t i o n s .  T o b a c c o  

p l a n t s  c o n t a i n i n g  a t r u n c a t e d  T - D N A  c o m p r i s i n g  

o n l y  g e n e s  6 b a n d  3 ( o c t o p i n e  s y n t h a s e ) ,  f o r m  a 

p o o r  r o o t  s y s t e m  a n d  a f t e r  f l o w e r i n g  s h o w  p r e m a -  

t u r e  l e a f  a b s c i s s i o n  b e s i d e s  o t h e r  a b n o r m a l i t i e s  [13]. 

F r o m  al l  t h e s e  r e su l t s  i t  is c lear ,  t h e r e f o r e ,  t h a t  t h e  

p r e s e n c e  o f  g e n e  6 b m u s t  b e  a v o i d e d  in  p l a n t  v e c t o r s  

w h i c h  a re  to  b e  a p p l i e d  fo r  t h e  i m p r o v e m e n t  o f  

c rops .  F u r t h e r  s t u d i e s  wil l  h o p e f u l l y  revea l  t h e  pre -  

c ise  f u n c t i o n  d e t e r m i n e d  b y  g e n e  6 b. 
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