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Introduction 

Rapid progress has been made in t he  last  few years in t he  development of 
gene transfer systems for higher plants. Today, nearly two dozen crop plant 
species can be routinely manipulated using t he  available Agrobacterium 
tumefaciens transformation systems. Within the  next 2-3 years it is likely t ha t  a l l  
major dicotyledonous crop species will be accessible to improvement using 
transformation technology. The major technical  advances which have permitted 
t he  extension of gene transfer technology from model systems such as tobacco and 
Petunia to crop plants have been I )  construction of readily adaptable vectors  
based on the  Agrobacterium turnefaciens Ti plasmid system; 2) availability of a 
broad spectrum of selectable and scoreable transformation marker genes; and 3) 
development of explant-based regeneration systems which efficiently couple t he  
transformation and regeneration processes. 

The natural  ability of A. tumefaciens t o  transfer DNA t o  plant cells  has 
been harnessed for genetic engineering by constructing Ti plasmids which lack t he  
phytohormone genes responsible for tubor formation. Aminoglycoside resistance 
conferred by meomycin phosphotransferase (NPT) was the  f i rs t  widely used 
selectable marker in plant transformation studies and it remains t h e  marker of 
choice for many plant systems. In the  l as t  5 years, many additional selectable 
markers have been developed which complement NPT and extend t he  range of 
plants in which selection of transformants can be readily achieved. 

The nopaline and octopine synthase genes represented the  f i rs t  generation of 
useful scoreable marker genes; however, these  genes turned out t o  be unreliable a s  
transformation markers and difficult to quantify. Significant progress has been 
made in the  identification and construction of other scoreable marker genes such 
a s  B-glucuronidase. These new markers a r e  not only useful for analyzing gene 
expression and monitoring inheritance of foreign DNA inserts, but are also 
valuable for demonstrating the  targeting of transformation to particular cell  types 
in tissue explants. 

Early transformation studies utilized protoplast-based methods; however, t he  
technical difficulties and species restrict ions imposed by protoplast regeneration 
severely l imit  this technology's usefulness. The use of tissue explants such a s  
leaves, s t ems  and cotyledons have effectively combined ease  of regeneration with 
t he  unique ability of Agrobacterium t o  transform in tac t  plant tissues. 
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Since most plants can be regenerated from tissue explants, this approach should 
make transformation technology accessible t o  a l l  dicotyledonous crop species. A 
key a r ea  of current research is t he  optimization of strains, vectors  and selectable 
markers in conjunction with specific plant regeneration systems. 

Crop Improvement 

Plant breeding has played a major role in modern agriculture by providing 
plants with superior disease resistance and increased yields. The new techniques 
of genetic engineering also promise t o  have a significant impact on crop 
improvement. Although effor ts  t o  identify and transfer genes of agronomic 
importance into plants a r e  in their  initial stages, some success has already been 
achieved in engineering selective tolerance t o  herbicides, viral diseases and insect 
pests. At  Monsanto, we a r e  particularly interested in engineering potatoes  so  tha t  

! they a r e  resistant t o  viral diseases and insect  attack. 

Po ta to  transformation and regeneration 

In potato, regeneration can  be accomplished from several  types of plant 
explant. W e  have followed published procedure t o  regenerate  shoots from the  
following: tuber discs and s tem pieces of Desiree; tuber discs and s tem pieces of 
Kennebec; tuber discs, stem and leaf pieces of Russet Burbank; and s tem and leaf 
pieces of NDD-277-2. A procedure t ha t  enabled transformation t o  be coupled 
with regeneration was developed originally for t he  variety Kennebec. Stem 
sections a r e  excised from steri le plantlets, and smeared with Agrobacterium 
conferring kanamycin resistance along with t h e  gene of interest. The explants a r e  
l e f t  t o  coculture with the  bacteria for two days, following which they a r e  
transferred t o  medium containing benzyladenine (BA) and naphthaleneacetic acid 
(NAA) t o  allow development of kanamycin resistant callus. After 4 weeks t he  
explants a r e  moved t o  a fresh medium containing gibberellic acid t o  encourage 
shoot development. Shoots which develop in t he  presence of kanarnycin are then 
c u t  off the  explant and placed into vials contaming medium w ~ t h o u t  hormones t o  
root. To determine whether shoots a r e  transformed, pieces of s tem tissue from 
the  shoot a r e  placed on medium containing BA and NAA t o  promote callus 
formation, a s  well a s  kanamycin. Shoots which are transformed will produce 
callus in the  presence of kanamycin, while escape shoots which a r e  not  tra- 
nsformed, even though they developed initially from explants placed on kan- 
amycin-containing medium, do not develop callus. The shoots can  be  tested 
further for the  presence of t he  neomycin phosphotransferase enzyme which 
confers kanamycin resistance. This procedure has been successfully applied t o  
Russet Burbank t o  produce transformed plants. 

Insect-tolerant plants 

One application of genetic engineering with important implications for crop 
improvement is the  production of insect-resistant plants. Progress in engineering 
insect  resistance in transgenic plants has been achieved through t he  expression in 
plants of a protein from Bacillus thuringiensis (B.t.), t h a t  is toxic t o  insects. . 



Transgenic tomato  plants containing t he  B.t. gene were  tested in the  field in 
1987. The plants were  infested with egg masses of tobacco hornworm and 
Heliothis - zea ( tomato fruitworm). Under conditions where control  plants were  
completely defoliated by the  hornworm infestation, tomato  plants containing t he  
B.t. gene suffered no agronomic damage. Fruit  damage on control plots was 
17-23%, whereas f ru i t  damage on B.t. plants was only 4-9%. At Monsanto, we  a r e  
interested in applying this technology t o  potatoes t o  confer resistance t o  t he  
Colorado Potato  Beetle. 

Virus cross-protection 

The phenomenon of cross-protection is seen when plants infected with one 
strain of virus, resist infection by a second, related strain. At Monsanto, we have 
been concentrating on introducing viral coat protein genes into tomato and potato, 
t o  confer cross-protection against subsequent viral infection. 

Field trials of tomato plants containing a gene coding for tobacco mosaic 
virus (TMV) coa t  protein were  conducted in 1987 and 1988 in Jerseyville, Illinois. 
Results from the  Jerseyville field tes ts  showed t ha t  transgenic plants containing 
TMV coa t  protein were  fully protected against  inoculation with TMV and suffered 
no yield losses. 

The potato  variety Russet Burbank has been transformed with a construct  
containing t h e  gene for  potato  virus X (PVX) coa t  protein. Expression of t he  coa t  
protein gene was confirmed by Western analysis of t he  plant proteins; a protein 
band was produced by the  plants which corresponded t o  the  expected viral coa t  
protein band. Subsequent cross protection experiments indicated tha t  the  plants 
expressing this protein were resistant to PVX infection, while 100% of control 
plants were infected with PVX under the same conditions. 

Work is in progress t o  transform Russet Burbank with constructs containing 
t he  coa t  protein genes of both PVX and potato  virus Y (PVY). Plants which 
produce t he  coa t  proteins of PVX and PVY will b e  tested,  t o  determine the  level 
of cross-protection afforded by these genes t o  both viruses upon subsequent 
infection. 


