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For centuries, the fight against the main biological enemies that 
cultivated plants have, has been a major effort in all cultures. All sorts of 
agronomical practices have been developed along vasts periods of time, in 
order to minimize the damage that insects, nematodes, or microbes cause 
in the plants that man uses as sources of food, fiber, chemicals or 
entertaiment. The second half of the 20th century was the witness of a 
"green revolution", that through the quantitative increase in the 
productivity of major crops such as wheat, maize or rice, caused a 
complete change in the name of the game of agriculture. Steming this 
revolution was the possibility of incorporating in cultivated varieties, genes 
for resistance to important pathogens and the massive use of chemicals, 
pesticides and fertilizers, to aid in the control of pests and diseases. 

The scenario has been dramatically modified since then. New 
concerns have arised, and now important tasks are to pollute less, or not 
at all, to diversify productions, and to preserve and rationally exploit 
biodiversity. It is in this context where Plant Biotecnology has found its 
nest to flourish. Under the notions that resistance genes can be much more 
effectively used, if we isolate them and understand the way they work; that 
we can take advantage of other genes involved in plant defense 
mechanisms; or even design pathogen-based genes to incorporate them in 
the genome of the plant, a number of different approaches have arisen that 
are taking their way into becoming a new global strategy in the old fight. 
The field is in itself a fascinating scientific challenge. On top of the 
obvious practical applications, new discoveries regarding the basic 
mechanisms that plants use to protect themselves, or that they develop 
when modified to express genes that have never seen before, are already 
rewarding enough to justify the effort. 

The workshop wants to bring together scientists involved in the 
engineering of plants against pests and pathogens. The organizers feel that 
sorne of the rationales that researchers are using their work related to 
specific pests or pathogens, merit discussion and consideration by others 
apparently unrelated. Obviously sorne of the responses of plants when 
challenged by another biological entity, do not differentiate the origin of 

... ./ .... 
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the attack, or the strategy used to go after a specific gene involved in a 
defense reaction or a resistance can have many traits in common with the 
one followed by other people working on a very different topic. Even the 
designing involved in the engineering using pathogen-based approaches, 
could have more poinis in common among different pests and pathogens 
than originally suspected. lt is mainly the pursuit of this fluid interchange 
of ideas that prompted us to organize the meeting. The wonderful support 
provided by the Fundación Juan March made it possible. 

Fernando Ponz 
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Genetlc Approaches to Speclflc Reslstance of Arsbldopsls thsllsns 
agalnst phytopathogenlc Pseudomonads 

Jeff Dangl, Thomas Debener, Robert A. Dietrich, Maren Gerwin, Siegrid 
Kiedrowski, Claudia Ritter, Hiltrud Liedgens and Jürgen Lewald 

Max-Delbrück Laboratory 
Carl-von-Linné Weg 1 O 
D-5000-KOin-30 
Germany 

lntroductlon 

Many interactions between plants and microbes begin with specific recognition. 
The nature of this recognition, and the interpretation of subsequent signa! 
transduction by both plant and microbe have profound impact on the outcome 
of the interaction. Plants have evolved effective mechanisms to recognize 
pathogenic microbes and halt their biotrophic or necrotrophic growth in the 
plant. Active plant defense mechanisms obviously force the selection of 
microbe variants which can evade the planrs recognition capabilities. This 
evolutionary tug of war has led to a complex set of both plant and microbe 
genes, whose interactions lead to a successful plant resistance reaction. As 
well as a potentially large array of cognitive gene functions, a number of 
subsequent signa! transduction steps may be necessary to generate a 
completely effective resistant phenotype. 

The number and function of plant genes necessary for a resistance response is 
unknown. Genetic analyses in many systems over the last 50 years have 
demonstrated that recognititon functions are provided by dominant alleles of 
genes in the plant (Resistance, or R-genes) which interact, either directly or 
indirectly, with either the direct or indirect product of a single pathogen gene 
(avirulence, or avrgenes) (Crute, 1985; Ellingboe, 1981, 1982, 1984; Flor, 
1971; Keen, 1982, 1990; Keen and Staskawicz, 1988; Pryor, 1987). The 
"gene-for-gene" hypothesis is a genetic explanation for interactions between 
plants and all classes of pathogens: fungal, bacteria!, viral, and insect. Yet 
despite intense research, we remain naive regarding the molecular structure of 
R-genes, and the function of their products. Moreover, although a great deal is 
known about the multitude of genes activated subsequent to triggering of the 
defense response, virtually nothing is known regarding the number or nature of 
downstream transduction steps which are truly necessary for a resistance 
reaction. 

The goal of projects in our group is to use a model plant species, Arabidopsis 
thaliana, to identify genetically the plant loci necessary for a resistance reaction 
against phytopathogenic bacteria and fungus. One powerful application of A. 
thaliana is in the dissection of the processes by which plants recognize and 
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respond to microbial pathogens (reviewed by Dangl, 1993). Severa! groups 
have established screening systems to define differential responses (resistance 
and susceptibility) of A. thaliana land races (ecotypes) to various bacteria! and 
fungal pathogens, focussing on isolates of Pseudomonas syringae and 
Peronospora parasítica 

Our work revolves around five themes. First, identification and isolation of 
recognition function genes (R or Resistance genes). Second, use of mutation 
analysis to identify loci which give rise to either loss of recognition, or 
constitutiva induction of a resistance-like phenotype. Depending on the nature 
of the selection scheme, mutants generated in this way will either map to 
predefined R-gene loci, or to loci involved in either specific or general 
interpretation of subsequent signals. Third, we also use a generalizable 
genetic approach to assess whether a particular activated defense response is 
strictly tied to R-gene mediated recognititon, and to critically assay the role that 
gene's activation in the outcome of a plant-pathogen interaction .. Fourth, we 
also have isolated five potentially T -DNA tagged mutants exhibiting constitutiva 
phenotypes reminiscent of "lesion mimic" mutants which exist In many plant 

. species, notably maize, rice, tomato, and barley. These have potentially 
constitutiva or "hair-trigger" activation of sorne step in one or more pathway(s) 
leading to fomation of an HR-Iike lesion. Fifth, we are identifying the bacteria! 
pathogen genes which are causal to triggering of a specific plant defensa 
response. These fall into two categories: classically defined avr genes, and, 
using TnphoA as a mutagen, genes encoding membrana localizad or secretad 
products necessary for delivery of a specific avr function . 

ldentification and molecular mapplng of an Arsbldopsls reslstance 
gene against a Pseudomonss syrlngse pv. mscullcols lsolate, and 
characterlzation of the corresponding svr gene 

We and others have shown that A. thaliana is a host for phytopathogenic 
isolates of Pseudomonas syringae pathovar maculicola (Psm), normally 
pathogenic on Brassicas and tomato (Debener et al., 1991; see also Davis et 
al., 1991 ; Dong et al., 1991; Whalen et al., 1991 ). All groups found that there is 
variability in this interaction that is dependent on both host and pathogen 
genotype. Thus, sorne Psm isolates are pathogenic on all tested A. thaliana 
genotypes, sorne on none, and sorne on only a subset. Based on this series of 
"differential responses", we began to ask whether or not single loci in both plant 
and pathogen controlled the generation of a hypersensitive resistance 
response (HR) as predicted by the gene-for-gene hypothesis. We used RFLP 
mapping to localiza one resistance gene, which we named RPM1, toan interval 
of around 5 map units near the top of chromosome three. 

Concurrent with this plant genetic analysis, we cloned the avirulence gene from 
the appropriate Psm isolate which triggers the HR in combination with the 
RPM1 product. We used three different assays, formation of an HR, in planta 
bacteria! growth, and diminution of symptoms, to solidly identify the avrRpm 1 
gene (Debener et al., 1991 ). We further demonstrated that the cloned avrRpm 1 
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gene was, in fact, responsible for RPM1-mediated recognition. We have 
subsequently defined avrRpm 1 to a functionally active 2.5kb fragment. 
Tn3spice mutagenesis further localized avrRpm 1 to a 1.0kb fragment. In 
collaboration with Marjorie Gibbon and Atan Vivían at Bristol Polytechnic 
University in Bristol, the avrRpm 1 and the highly related avrPpiA 1 from P. s. pv. 
pisi were both sequenced. Moreover, both avr genes are recognized by 
specific cultivars of pea, bean, and soybean (Dangl et al., 1992). This finding 
clearly suggests that A. thaliana has functional, and possibly molecular, 
homologs to resistance genes in those species. Recently, we have shown that 
avrRpm 1 atso encodes a product required for pathogenicity on susceptible A. 
thaliana ecotypes. 

We isolated several YAC (yeast artificial chromosome) clones containing large 
A. thaliana DNA inserts which hybridize to the RFLP markers genetically closest 
to R PM 1. One of them, with a 270kb insert, was isolated for us by Joe Ecker 
and must contain RPM1. Progress in map-based cloning of this locus will be 
detailed. We have also recently learned, via collaboration with Roger lnnes at 
Indiana University and Brian Staskawicz at UC Berkeley, that RPM1 atso 
determines resistance to another, wholly unrelated avr gene, avrB from P. 
syringae pv. glycinea. Whether or not the same, or a very closely linked, gene 
product determines resistance to both avr gene products awaits cloning of the 
RPM1tocus. 

lsolatlon and characterlzatlon of A. thallana mutants wlth altered 
reslstance responses 

We have two current activities in this area. First, we isolated and are 
characterizing an EMS mutant of ecotype Col-O which now exhibits chlorosis 
after inoculation with a P.s. pv. tabaci isolate that makes no lesion on any tested 
wild type A. thaliana ecotype, even at very high inoculum density. The mutant 
becomes very chlorotic, and supports around 30-50 fold higher levels of 
bacteria! growth when re-challenged with the selecting bacteria. F1 individuals 
from an outcross to ecotype Nd-0 shows an intermediate phenotype, which 
subsequently segregates as a single dominant locus in F2. We are analysing 
this mutant further and are beginning RFLP mapping 

With the cloned avrRpm1 gene characterised, we are also screening for A. 
thaliana mutants unable to recognize its sígnal. These mutants should either 
be in the RPM1 gene, and their analysis will further understanding of the critícal 
recognition event mediated by its product, or they will be in loci necessary to 
transduce the RPM1 signal. We use a "null" bacteria! strain, a P.s. pv 
phaseolicola which is non-pathogenic and generates no macroscopic reaction 
on A. thaliana, but which is capable of specífically delivering the avrRpm 1 
signa!, to isolate "loss of recognition" mutants. We screened around 120,000 
seedlings from fast neutron irradiated seed from over 40 independent seed lots, 
around 3000 bulked EMS seed, and the available T-ONA insertion mutant 
population from Ken Feldmann. At least three confirmad mutants have been 
isolated, and we expect many more. 
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Assesslng the requlrement for lnduced gene expresslon durlng 
speclflc reslstance reactlons: The EL/3 example 

lmre Somssich and colleagues cloned 19 different parsley cDNAs, encoding 
predicted proteins of known and unknown function, which were transcriptionally 
activated in cultured cells by fungal elicitor (Somssich et al., 1989). We are 
collaborating with him to analyze pathogen activated expression of recently 
cloned A. thaliana homologs after infiltration of A. thaliana leaves with various 
Psm isolates. Of the many clones tested, only the EL/3 homolog is of 
immediate interest (Kiedrowski et al., 1992). lts mANA accumulates rapidly (3-5 
hours p.i.) to extremely high levels in incompatible interactions involving Psm 
isolate m2, while the accumulation is slower, and the amount of mANA lower, in 
compatible interactions involving m2. The virulent Psm isolate m4 also induces 
EL/3 mANA to high levels, but much later in the interaction. A Psm m4 
transconjugant harboring avrRpm1 generates the rapid EL/3 induction kinetic 
idiosyncratic of the Psm m2 interaction with Col-O, suggesting, but by no means 
proving, that gene-for-gene recognition mediates early EL/3 activation. We 
have now shown convincingly that the early activation of EL/3 during m2 
incompatible interactions is stricly governed by the presence of a dominant 
allele at RPM1. We used the homozygous F3 families from the Col-O x Nd-0 
cross described above to prove this point. In ANA blot experiments, 1 5 
RPM1/RPM1 families had very high levels of EL/3 mANA, as did the resistant 
Col-O parent; 15 rpm1/rpm1 families had very low levels, as did the susceptible 
Nd-0 parent. These families were essentially "genotype selected" (Michelmore 
et al., 1991) at RPM1, and are expected to be freely segregating at all other loci. 
This random assortment virtually eliminates any possible effects of genetic 
background on the phenotype being analysed. We are now constructing anti
sense and sense constructs in order to make phenocopy mutants of EL/3 and 
ask whether the expected mutants have an altered phenotype after infiltration 
with Psm isolate m2 and other incompatible pathogens. 

Arsbldopsls mutants showlng HR-IIke leslons In the absence of 
pathogen: Cell-cell communlcatlon trlggers 

We isolated five mutants from Ken Feldmann·s T-ONA insertion mutagenesis 
population which dispalyed varying degrees of "spontaneous" lesion formation. 
They were first characterized with respect to how the observed lesions are 
related to "defense response" and are not a consequence of simple 
senescence. Subsequently one mutant, caused by a single recessive mutation 
(which m ay be T -DNA tagged) has been analyzed in sorne detail. This mutant 
is characterized by formation of rapidly spreading lesions which form on all 
tissues (but most noticably on leaves) after shifting plants from short to long 
days. Lesion formation occurs under sterile conditions, as well. Prior to lesion 
formation, infection of normal appearing leaves with any live bacteria or a 
virulent fungus triggers lesion formation and spreading tissue collapse. As 
well, these plants have a heightened sensitivity to Salicylic Acid, but not to SA 
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analogs inactive in triggering systemic acquired resistance. Lesions spread 
unchecked to cells not initially infectad, suggesting that the mutation is in a 
gene whose product normally limits or "dampens" transfer of a local signa! 
required for SAR or limits the formation of a bordered HR. 

ldentlflcatlon of bacterlal membrane proteins necessary f o r 
dellvery of svr gene function 

We are interested in probing the bacteria! membrane and peripiasm for 
proteins invoived in the HR. This project is based on the observation that, 
aithough many bacteria! avr genes have been cloned, none encodes an 
obviously membrane bound product. This prompts the question of how the avr 
signai reaches the plant. lt has also been recently shown that hrp cluster 
encoded proteins can be members of two-component regulatory systems. One 
component of these systems is always a membrane bound "sensor". We utilize 
the specialized transposon mutagen TnphoA to generate the desired mutants. 
We mutagenized Psm m2 with TnphoA and generated over 60,000 Kmr inserts, 
of which around 400 were phoA+. These were screened for loss or attenuation 
of avrRpm 1 signal delivery to resistant Col-O plants. Severa! mutants have 
been found which are either HR- or HR attenuated. They can be divided into at 
least three phenotypic classes, one of which still retains the ability to generate 
an HR on tobacco, and is thus not a classic hrp mutant. We will cure the 
avrRpm 1 containing cosmid from these mutants, introduce either of the other 
two avr genes recognized by A. thaliana, and ask whether loss of avr signal 
delivery is specific to avrRpm 1, or a general phenomenon. Molecular 
characteization of these mutants will lead to furthered understanding of 
mechanisms controlling avr gene signa! delivery. 

Summary 

A great deal of progress has been made, by severa! groups, in the exploitation 
of A. thaliana as a model in the molecular analysis of plant-pathogen 
interactions in the last few years (Dangl, 1993). This trend will only continue as 
further R.gene loci are defined and mapped, and as loss of recognition and 
altered recognition mutants are isolated using a variety of strategies discussed 
by others in this volume. We hope to gain a basic understanding of R gene 
structure and function through molecular isolation of RPM1, and its potential 
homologs in a variety of crop species. Moreover, via utilization of either natural 
or induced variation at RPM1, we hope to dissect signals reaching the plant cell 
nucleus, and effector pathways involved in establishing and maintaining the 
resistant state. Finally, we hope to integrate this knowledge with definition of 
specific avr genes, and the genes encoding passage of avr signals through the 
bacteria! membrane. This presentation has outlined our current progress in 
these areas. 
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1 ntrod yctjon 
lmproving crops in their abi!ity to resist disease has been a goal of plant breeders for many 

years. In wheat, disease resistance is the top priority among breeders while in corn it is 
secondary to insect resistance. Most wheat and corn breeders are turning away from breeding 
single-gene resistance and . moving toward improvements of generalizad plant health. At CIBA
GEIGY, we bagan examing ways to· genetically engineer improvements in plant health several 
years ago. At that time there were not many sources for "generalizad health genes". However, 
one possible source was in the genes responsible for the phenomenon of systemic acquired 
resistance. 

Many plant species can be "immunized" by an initial inoculation with a necrotizing 
pathogen. This "acquired resistance" was first documentad in the first part of the century and 
is thought to "play an important role in the preservation of plants in natura" (1). A par
ticularly well characterized example of systemic acquired resistance (SAR) is the response of 
tobacco to tobacco mosaic virus (2) . In this case inoculation by TMV results in systemic 
protection against subsequent infections by a number of agronomically important bacteria!, 
fungal and viral pathogens that can last for weeks to months. This phenomenon is not restricted 
to tobacco but is also observed in many other plants, notably cucumber (3) and arabidopsis 
(4). Thus, acquired resistance might provide a source for genes that confer broad spectrum 
disease control. 

Our initial experimental approach to understand SAR at a molecular level was based on a 
working model that could explain the basic steps leading to the establishment of a resistant 
state. To induce resistance there must first be a necrotic reaction to a pathogen. This require
ment for a biological inducer is strict since salt, acid or mechanical damage will not induce SAR. 
The necrosis triggers the ralease of a signal molecule that translocates to various parts of the 
plant which is perceived, with the final result being the expression of a set of genes responsible 
for the maintenance of the resistant state. We distinguished the events leading to the onset of 
resistance (initiation) from events involved in maintaining the resistance (maintenance), 
although these are probably not completely distinct processes. Our research objectives have 
been to catalogue the genes involved in maintenance, to identify the signal compound(s) 
responsible for induction and, as a long term objective, to identify genes involved in resistance 
initiation. The goal of this project is to understand SAR at a molecular level and to use this 
information to genetically engineer plants with improved health in the field. 
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Maintenance of Besistance 
Over the past few years we have identified and characterized a number of cONA's that are 

expressed to high levels in systemically resistan! tissue. Nine of these "SAR gene familias• 
were coordinately expressed in tobacco leaves after treatment with either tobacco mosaic virus 
(TMV) or 2,6-dichloroisonicotinic acid (INA), a synthetic plan! lmmunomodulator (5, 6). The 
timing and the amount of gene expression correlated well with the onset and the degree of 
resistance to further TMV infection (5). The role of each of the genes in mediating disease 
resistance is currently being evaluated using transgenic expression of the sense and the 
antisense of the cONA of each gene. 

In order to determine what role a particular gene plays in the maintenance of resistance, 
each of the SAR cONA's were subcloned into a high-level expression cassette, based on a double 
35S promoter (7). The expression cassette containing the cONA in either a sense or antisense 
direction was then subcloned into an agrobacterium vector (8) and leal disk transformation (9) 
of Xanthi.nc tobacco was carried out. Many independent transformants were selected in each 
transformation experiment and these were screened for high levels of the protein encoded by the 
cONA. The transformants were allowed to self twice and homozygotic lines were established. In 
each case it was possible to develop genetically stable lines expressing the transgenic protein at 
levels between 1 and 0.1% of the total protein. The Unes were then evaluated for resistance 
against a number of fungal and bacteria! diseases. This evaluation is still in progress but has 
already yielded interesting results. So lar, there are indications of resistance with single genes 
against the following three diseases: 1) post-emergen! damping off (Rhizoctonis sofsm) in 
transgenic tobacco expressing high levels of either the basic class 1 chitinase, the acidic class 
111 chitinase or !he cucumber class 111 chitinase; 2) black shank (Phytophthora parasitics) 
in transgenic tobacco expressing high levels of the protein SAB8.2, a tobacco SAR protein with 
unknown structural or enzymatic function; 3) bluemold (Peronospora tabacina) and black 
shank resistance in transgenic tobacco expressing high levels of pathogenesis relatad protein 1. 
The indication of resistance to bluemold and black shank by PR-1 and the resistance to black 
shank with SAR8.2 have been demonstrated to be statistically significan! in multiple indepen
dent lines. 

F1 crosses of each homozygotic line toa difieren! tobacco line have also been made and these 
lines are currently being evaluated. There are severa! indications of resistance when two genes 
are expressed in a line that were no! observad in lines expressing either single gene. Currently, 
pairs of SAR genes are being reengineered in order to develop homozygotic lines expressing two 
genes at once. These will then be crossed lo give three and tour genes expressed at high levels in 
each line. 

We have also taken the approach of expressing high levels of the antisense ANA to each SAB 
gene. Homozygotic transgenic lines were developed for each of the genes and it has been shown 
that the protein target is dramatically reduced in each case. Two further vectors have been 
constructed, one that contains anti-PR-1, anti PR-2 and anti PR-4 and one that contains anti
PR-3 and anti-PR-5. Homozygotic lines are being developed and these will be crossed to give an 
F1 in which all of the ten classic PR-proteins (10) have been functionally mutated. This 
hybrid will be used to determine the role of the PR-proteins in the maintenance of SAR. 
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The results of these experiments has led us to a working modal for the activity of the genes 
expressed in SAR. Severa! of these genes may target one particular pathogen and a different, 
overlapping set of genes may affect a different pathogen. lt will require a systematic and detailed 
study of the interactions of the different genes to determine which set of genes to use to protect 
against a particular disease. 

The sjqnal for SAB 
In previous work we demonstrated the appearance of a fluorescent compound in phloem 

exudate of cucumber plants that had been induced to resistance by either tobacco necrosis virus 
or Colletotrichum /agenarium. The compound was purified to homogeneity and determinad to be 
salicylic acid (SA) using gas chromatography/mass .spectral analysis (11) . SA accumulated to . 
high levels prior to the onset of induced resistance lo C. lagenarium making it a candidata for the 
signal molecule. In independent experiments, Baskin and Klessig (12) demonstrated that SA was 
induced in tobacco that had been induced with TMV and Hammerschmidt's group demonstrated the 
induction of SA in cucumber preceding the development of resistance induced by Pseudomonas 
syringae (13). lf SA were the signal molecule for SAB in tobacco then exogenously applied SA 
should coordinately induce the sama SAB genes as are found in the biologically induced resis
tance. Ward et al (5) demonstrated that SA coordinately induced the same nine gene familias as 
TMV in tobacco and that the timing and extent of expression correlated with the onset and degree 
of protection against further TMV infection (5) . Therefore, there is considerable evidence 
implicating SA as a signal molecule involved in triggering resistance. 

When the biosynthetic pathway of SA is considerad the finding of SA as a putative signal 
becomes particularly interesting. Of the two proposed pathways for SA biosynthesis in higher 
plants, both branch from the phenylpropanoid pathway alter the synthesis of trans-cinnamic 
acid. lt has been known for a long time that the phenylpropanoid pathway is induced following 
pathogen attack and by products such as isotlavonoid phytoalexins and lignin precursors are 
used in disease resistance. lt is clear that SA production could be a further consequence of 
inducing this pathway and this could provide an answer as to why a biological inducer is 
required for signa! production. 

As appealing as this model may be there are two results that casi sorne doubt on the role of 
SA as the signal molecule. First, it is clear from our studies and from work of others that 
exogenously applied SA does not translocate in the plant. Of course it can be argued that the 
application of a compound to a leal surface is not tantamount to the production and secretion of 
the compound in vivo. A second interesting result carne from Hammerschmidt's studies with 
cucumber (13). He found that cucumber leaves infiltrated with a suspension of Pseudomonas 
syringae do not accumulate high levels of SA within tour hours alter infiltration. However, 
removal of the leaves at tour hours post infiltration does not prevent the accumulation of high 
levels of SA or the onset of resistance in other parts of the plant (13). lt can be argued that SA 
induces its own biosynthesis, which is indeed similar to the biosynthesis of ethylene (14) or 
that the level of detection is not sensitiva enough. Therefore, it is still not clear that SA is the 
translocated signal that induces SAR. 
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In order to investigate the role of SA as a signal molecule for SAA we are attempting to 
engineer plants that degrade salicylate. lt is known that certain strains of Pseudomonas putida 
are capable of degrading naphthalene through salicylate to acetaldehyde and pyruvate. One step of 
this pathway is the conversion of salicylate to catechol, which we have shown does not induce 
SAA. This conversion is carried out by salicylate hydroxylase an enzyme encoded by the NahG 
gene. Therefore, we have clonad the NahG coding sequence into different plant expression vectors 
and developed transgenic tobacco expressing high levels of the corresponding mANA. In 
preliminary experiments we have found that plants that express high levels of the mANA are 
not capable of inducing SAA, while plants expressing moderate levels give moderate levels of 
resistance and transformants with undetectable levels of the mANA respond normally. Thus the 
data support the role of SA as a signal molecule that somehow induces SAR. 

Summary 
The molecular events that take place during the initiation and maintenance of SAA are 

starting to be resolved. Based on the results presentad in this report, our curren! working 
modal is that the infection by a pathogen induces the synthesis of salicylic acid which trans
locates throughout the plant and is recognized by a specific receptor. The bound/activated 
receptor transduces the signal with the result being the coordinate expression of a set of SAA 
genes. The encoded SAA proteins accumulate to high levels systemically. Oisease control is 
provided by certain groups of proteins acting on particular pathogens. 
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The Blology of Plants Transformed wlth Chlmerlc Class 1 Chltlnase and ~1,3-Giucanase Genes 
Frederick Meins, Jr., Aoland Belfa and Chñstian Kunz, The Friedrich Miescher lnstitute, Box 2543, CH· 
4002 Basal Switzerland. 

~-1,3-Giucanases and chüinases are abundan!, basic proteins localizad in !he cell vacuole. They exhibü 
complex honnonal and developmental regulation and are induced in parts of plants infectad oy viral, 
bacteria!, and fungal palhogens. Combilations of class 1 ~ 1,3-glucanase and chüinases are potent 
fungicides in vitro suggesting that !he enzymes may be inportant in the defensa of plants against fungal 
ilfection. We are using sense and antisense trMsformation to test lhis hypothesis and to identify olher 
physiological functions of lhese proteils. 

Nicotiana sylvestris plants were transfonned with binary Tt-plasmid vectors containing !he coding 
sequence oflhe tobacco chüinase gene CHN48 or !he tobacco ~ 1,3-glucanasa gene GLA ragulated by 
cauliflower mosaic virus 35S ANA expresslon slgnals. The NPnt gene with Nos expression slgnals was 
included to provide kanarnycil reslstanca as a plan! selectabla marker. Chüinase sense transformants 
accumulated extremely hlgh levels of chltilase- up. to 120-fold lhat of comparable tissues.Jn non· 
transfonned plants. The transgene-encoded proteil is enzymatically active, correctly processed; and 
correctly targeted to !he cell vacuole. ~ 1,3-Giucanase antisense transformants containing "'580 bp of 
coámg sequence in reversa orientation showed a marl<ed ·20-fold reduction of class 1 ~ 1,3-glucanase 
accumulation. lnduction of the class 1 isofonn by elhylene treatment and infection with !he fungal 
palhogen, CetCOSpora nicotianae was also effectively blocked. 

Antisense ~ 1,3-glucanase transformants and sense chüinase transformants grown under 
greenhouse condüions were fertne and developed normally. Their susceptibilüy to infection by C. 
nicotianae, which contains chhil and ~ 1,3-glucans as cell wall components, did not consistently differ 
from non-transfonned plants. Apparently, accumulation of class 1 chüinases and ~-1,3-glucanases is not 
a limhing factor in !he defensa of plants against this palhogen. 

lnterpretation of lhese resutts was complicated by the finding lhatlhe expression of homologous 
host genes can be dramatically attered by transformation. For example, sorne homozygous sense 
transformants showed a marl<ed ilhi>Hion i1 the expression of !he transgene and homologous host gene. 
This effect, called silencing, resutts from a lrans-inactivation atlhe mANA level. lt depends on the dose 
of !he transgene and is developmentally regulated. The incidence of silencing is also ilfluenced by 
environmental factors such as !he con<frtions used lo genninate !he seedlings. Appflcations of gene 
technology for crop improvement depend on !he reliable expression of transgenes under field condhions. 
Silencing of chhinase and ~ 1 ,3-glucanase gene expression provides an experimental system well suüed 
for studying environmental effects on the stabilüy of transgene expression. 
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Structure and properties of cysteine-rich antifungal proteins from plant seeds 

B.P.A. Cammue1, M.F.C. De Bolle1, F .R.G . Terrasl, R.W. Osborn2, S.B. Rees2 and 

W.F. Broekaert1 

F.A. Janssens Laboratory of Genetics, Catholic University of Leuven,. Willem de 

Croylaan 42, B-3001 Heverlee, BELGIUM 
2 ICI Agrochemicals, Jealott's Hill Research Station, Bracknell, Berks RG12EY, U.K. 

Based on an extensive screening of about 600 plant species, we have recently isolated 3 novel 

types of highly basic and cysteine-rich seed peptides with pronounced antifungal activity. 

The first class was isolated from seeds of Mi rabi lis jalapa, which contain two nearly identical 

antimicrobial proteins (Mj-AMPI and Mj-AMP2), showing amino acid sequence homology to 

insect neurotoxins (1) . Another type of antimicrobial peptides was purified from seed 

extracts of Amaranthus caudatus (Ac-AMPI and Ac-AMP2) and are structurally related to the 

chitin-binding domain of N-acetylglucosamine-specific lectins and class 1 chitinases (2) . Both 

Mj-AMPs and Ac-AMPs are also active against yeast and Gram-positive bacteria, and their 

antimicrobial activity is reduced in the presence of cations. The latter properties are not 

shared by the third novel class of antifungal proteins, present in Raphanus sativus seeds (Rs

AFPs), whose antibiotic activity is specific for filamentous fungi and is comparatively less 

sensitive to cation antagonism (3) . Homologous seed proteins with comparable antifungal 

activity could also be demonstrated in other Brassicaceae-species (4). They al! revealed 

amino acid sequence homology with wheat and barley -thionins, sorghum a-amylase 

inhibitors, and with the derived primary structures of two pea cDNAs that are specifically 

induced by fungal attack. 

Protectant activity against Cercospora beticola was demonstrated for Mj-AMPs and Rs-AFPs 

in spray tests on artificially inoculated sugar beet plants, and found to be comparable to that 

of commercial fungicides when expressed on a molar base. 

cDNA clones of al! three types of AFPs were isolated and the nucleotide sequence 

determined. The relatively small open reading frames consist in all cases of a N-terminal 

signa! peptide and a region coding for the mature protein. In addition, the cDNAs of the Ac

AMPs are extended with a small e-terminal propeptide with a putative glycosylation site. 

The coding regions of Mj-AMP2 and Rs-AFP2 were subcloned into a CaMV35S promoter

driven expression vector and introduced into tobacco by Agrobacteriwn-mediated 

transformation. Expression of the antifungal proteins in the transgenic plants, as 

demonstrated by Western blotting and chromatographic analysis, resulted in an increased · 

antifungal activity in leaf extracts. 
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Vacuolar targeting of chitinases in plants: molecular mechanism and 
biological significance. 

T. Boller. Botanisches Institut der Universitat Basel, Hebelstrasse 1, CH-4056 

Basel, Switzerland 

Many plant species accumulate chitinases !lfld ~-1 ,3-glucanases in response to 
plant pathogens and to the plant stress honn(>ne, ethylene (Boller, 1991; Meins et 
al., 1992). These hydrolases are thought tó be involved in the defense against 
fungal pathogens since their substrates, c~tin and ~-1,3-gluca.n, are the main 
components of the cell walls of most bjgher fimgi, and since they inhibit many 
saprophytic and potentially pathogenic fungl on agar plates or in liqwd medium, 
particularly when applied in combination (S~hlumbaum et al ., 1986; Mauch et al., 
1988; Ludwig and Boller, 1 990). lt has rece~tly been found that transgernc plants 
constitutively expressing chitinase show an increased resistance against the root 
pathogen Rhizoctonia solani (Broglie et al., ·1991 ). 

Interestingly, sorne isoforms of chitinases and 13-1,3-glucanases are localized in 
the vacuole, while others are secreted into the intercellular space. ln tobacco, the 
deduced amino acid sequences of the vacuolar isofonns differ from the 
homologous acidic isofonns by the presence of a short e-terminal extension. We 
have studied the localization of chitinase in transgeruc Nicntiana si/vestris plants 
constitutively expressing various fonns of chitinase. In plants expressing the 
unmodified fonn of the vacuolar tobacco chitiuase, the enzyme was correctly 
targeted to the vacuole. ln contrast, in plants expressing a mutant fonn lacking thc 
C-tenninal extension, the enzy¡ne was absent from the protoplasts and present in 
the iotercellular space. Likewise, a structurálly unrelated, extracellular cucwnber 
chitinase was secreted into the intercellul3.1 ' space when constitutively expressed 
in Nicotiana silvestris plants. However, in plants expressing the same cucumber 
chitinase \vith the C-tenninal extension froDi the vacuolar tobacco chitinase, most 

of the enzyme was present in the vacuoles. Thus, the C-tenninal extension is 
necessary and sufficient to target chitinases to the vacuole, indicating that it 
comprises a targeting signal for plant vacuol¡¡:s (Neuhaus et al., 1991 ). 

At first glance, since fungal invaders generally come from the outside, the 
antifungal potential of chitinase appears to be hampered by a vacuolar 
localization, and an extracellular localization of chitiuase would seem more 
adequate for a defense function. Ibis view may be too simplistic, however. 
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Microscopic studies indicate that thc enzythes attack primarily the hyphal tip. 
Studies with fungi on artificial media sho:w that growing hypbae are highly 
sensitive when suddenly brought into con~ct with the antifungal bydrolases. 
However, fungi appear to have a potential to adapt and become resístant when 
genninated and grown in the continuous pr~ce of the enzymes. Tbis suggests 
that antifungal hydrolases may be most effective in defense when irútially 
compartrnentalized and brought into contact with invading fungi only after a time, 
e.g. by rclease from tbe vacuole during a h~rsensítive response. 
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Expression of a bacteria} omithyl transcarbamylase in transgenic plants confers 
resistance to phaseolotoxin. 

J.M. De la Fuente, G. Mosqueda and L. Herrera- Estrella . 

Departamento de Ingeniería Genética de Plantas; Centro de Investigación y 

Estudios Avanzados, Apartado Postal 629, 36500 Irapuato, Guanajuato, 

México. 

Chemicals with phytotoxic activities are produced by many plant pathogenic 

fungi and bacteria. Nonhost-specific toxins are generally acknowledged to be 

an important virulence element, and this is especially evident among the 

pathovars of Pseudomonas syringae . However, considerable debate has 

focused on whether toxin production has a primary role in virulence since 

phytotoxic symptoms occur long after lesion formation. 

Phaseolotoxin is a tripeptide toxin [Nd-(N'-sulpho

diaminophosphinyl)ornithylalanylhomoarginine] produced by Pseudomonas 

syringae pv. phaseo/ico/a, the causal agent of the halo blight disease of 

common bean (Phaseolus vulgaris L.). Phaseolotoxin inhibits the enzyme 

Ornithine Carbamoyltransferase (OCTase) . This enzyme converts ornithine 

and carbamoyl phosphate to citrulline, reaction involved in the biosynthesis 

of arginine and interconversion of the glutamate family of aminoacids, and is 

located in plastids of plant cells. "In vitro" phaseolotoxin is a reversible 

inhibitor of OCTase, but "in planta" the toxin is cleaved by plant peptidases to 

produce the irreversible inhibitor Nd-(N-sulpho-diaminophosphinyl}-L

Ornithine (Octicidin). 

Phaseolotoxin is a not host-specific toxin and it causes similar chlorotic 
symptoms and ornithine accumulation in other plants that resist infection by 

P. s. pv. phaseolicola , and it also inhibits the growth of cultivated plant cells 

and bacteria. lt has been shown that P. s. pv. phaseolicola is able to produce 

two detectable OCTase activities, one sensitive and one resistant to 

phaseolotoxin. The P. s. pv. phaseolicola gene encoding the phaseolotoxin

resistant OCTase (arg K) has been cloned and sequenced in our laboratoryl. 

Using the pathogen-derived resistance strategy 2, we aimed our research at 

producing transgenic plants that express the P. s. pv. phaseolico/a 

phaseolotoxin-insensitive OCTase. Using this system the role of 

phaseolotoxin in the virulence of P. s. pv. phaseolicola was investigated. It 

was found that transgenic plants expressing the bacteria! OCTase are no longer Instituto Juan March (Madrid)
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suceptible to the effect of phaseolotoxin and respond with a hypersensitive 

response to infection by P. s. pv. phaseolicola . It was also determine that 

these plants have an increased level of arginine and other biochemically 

rela ted aminoacids. 
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Lytic Peptides and Their Potential for Enhancing Plant Disease 
Resistance 

by 

Jesse M. Jaynes, Luis Destefano-Beltran, Pablito Nagpala, and Selim 
Cetiner 

Summmary: 

lt has been said that plant disease is the exception rather than the rule [1]. In 

effect, only the interplay between a virulent pathogen anda susceptible cultivar leads 
to disease. Despite this delicate interaction between host and pathogen, plant disease 

is one of the leading causes of crop loss in the world. Its economic import can be 
especially significant in the developing world where up to forty percent of crop 
destruction can be directly attributed to plant disease [2). Also, their cultivation of 

just a few plant species within a localized area accelerates the spread of disease, 

exacerbating the problem. 

. .. ./ .... 
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Plants under microbial attack elabora te severa! inducible defensive responses of a 
structural and biochemical nature. Among them are the synthesis of hydrolytic 
enzymes, such as chitinase and íS-glucanase, and proteinase inhibitors; the 
modification of the plant cell wall by lignification and accumulation of callase, a B-1,3 
glucan, and hydroxyproline-rich glycoproteins (HRGPs); and the synthesis of 
phytoalexins, low molecular weight compounds with antimicrobial activity [3]. 

Recent advances in genetic engineering ha ve made it possible to develop plants 
with new predictable phenotypes. The expression of the TMV coat protein in 
transgenic plants was shown to cause a delay in the development of symptoms upon 
bfection by the virus in concordance with the idea of cross-protection [4]. Also, 
expression of an insecticida! protein, the BT protein from Bacillus thuringiensis, has 
rendered pl~ts resistant to insect attack [5]. Therefore, appropriate small 
modifications in the biochemistry of a plant may significan ti y augment the resistance 
of this plant to the action of a pest or pathogef" Jaynes et. al. [6, 7] and more recently, 
Casteels et. al. [8] ha ve proposed the idea of using the genes for proteins with 
antimicrobial activity, found in insects, to enhance bacterial disease resistance in 
plants. 

Lytic peptides are small proteins that appear to be major components of the 
antimicrobial defense systems of a number of animal species including insects, 
molluscs, amphibians, and at least one mammal [9]. They consist of 23-39 amino acid 
sesquences, which have potential for forming amphipathic a-helices. An 
amphipathic a-helix may be depicted as a cylinder with one curved face composed 
primarily of non polar amino acid side chains and the other face composed of amino 
acids containing polar side chains (the property of amphipathy can best be visualized 
by casting the amino acid sequence on a helical wheel projection [10]). The presence 
of lytic peptides in other higher organisms is under intensive investigation and it has 
been proposed that they will be found in all mammals, including humans [9]. 
Defensins, a family of small molecular weight antimicrobial peptides found in 
mammals and more recently in insects, are a separa te kind of lytic peptide, because 
their action is intracellularly localized following phagocytosis and their in vivo 
conformation seems to be a B-pleated sheet [11]. 

The lytic peptides that ha ve been described in the literature seem to fall into one 
of three different classes based on the arrangement of amphipathy and high positive 
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charge density within the molecule: cecropins (35 amino acids in length and derived 

from the Giant Silk Moth), N-terminal half amphipathic while the e-terminal half 

mostly hydrophobic [12]; magainins (23 amino acids in length and derived from the 

African elawed Frog), amphipathic the full-length of the molecule [13); and melittin 

(26 amino acids in length and derived from the Honeybee), e-terminal half 

amphipathic with the N-terminal half primarily hydrophobic [14]. The conservation 

of these physical properties is requisite for activity, but the requirements seem to be 

somewhat nonspecific in terms of amino acid sequence. For example, we have 

synthesized highly sequence divergent analogs for each of the peptide classes and 

ha ve found sorne of them to be more active than their natural counterparts [15, 16]. 

For the past few years, my laboratory has been investigating the ability of 

designed synthetic lytic peptides and proteins to control plant disease. W e ha ve 

found that these agents possess a remarkably broad spectrum ofbioactivities, 

with sorne ofthe newer peptides able to k.ill all bacteria!, fungal, and nematode 

pathogens tested, at concentrations not harmful to plant and animal cells. These 

findings fortify our belief that very soon a number of different plant species will 

be "armed" with sorne ofthese defense components. The results to be presented in 

this paper indica te that this notion can ha ve practica! application and suggest a 

different approach to the development of new plant cultivars with increased 

microbial disease resistance. 
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TOXIC PROPERTIES OF THIONINS ANO NON-SPECIFIC LTPs 

A. Molina, M.J. Carmona, A.Segura, M.Moreno and F. Garcia
Olmedo. 

Laboratorio de Bioquimica y Biologia Molecular. 
Ingenieros Agrónomos. E-28040 Madrid. 

E. T. S. 

Thionins are cysteine-rich, 5 kDa polypeptides which are 
active against plant pathogens (1-3). Thionin genetic 
variants of type I, from the endosperms of wheat (Wal), Wa2, wp) and barley (Ba, BP), and of type II, from barley leaves 
(BLa, BLb, BLc) have been purified to homogeneity. For a 
given pathogen EC-50 values obtained with the different 
thionins varied over a less than fivefold range . The ranking 
of the variants according to their activity differed among 
different pathogens, but certain variants, such as Wal, wp or 
BP, tended to be more active than the others. Strains of 
sorne bacterial species, such as Clavibacter michiganensis 
subsp. sepedonicus or Pseudomonas solanacearum were sensitive 
in the 10-7M concentration range, whereas the most sensitive 
fungal pathogens, wuch as Rosellinia necatrix , Colletotrichum 
lagenarium and Fusarium solani, had EC-50 values in the 10~ 
range. Thionins, which were not particularly efective in 
liquid medium against Phytophthora intestans (EC-50 3.9 x 10· 
5M) were more effective than the fungicide Ridomil on a molar 
basis in a drop-application assay on leaf discs from potato. 

Genes encoding thionins have been cloned and expressed 
transgenically in tobaco under the Cam35S promoter. The 
transgenic plants were challenged with the pathogenic 
bacteria Pseudomonas syringae pv. tabaci and P. syringae pv. 
syringae and found to have enhanced resistance to the 
pathogens (4). 

Four homogeneous proteins (Cw-18,-20,-21,-22) which were 
active against bacterial and fungal pathogens have been 
isolated from barley leaves (5,6). These proteins were found 
to be homologous to the so-called non-specific lipid transfer 
proteins. Their activity in vitro was about tenfold higher 
than that of thionins against e .michiganensis and about 
fivefold lower against P.intestans. Besides this 
complementari ty, the cw-proteins showed strong synergism wi th 
thionins in the case of P.intestans. Three of the 
corresponding genes have been cloned and found to be 
expressed in lea ves and stems. Transgenic toba eco plants 
carrying these genes have been obtained and their reaction to 
pahtogens is being ivestigated. 
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COAT PROTEIN MEDIATED RESISTANCE: THE TMV EXAMPLE 

Roger N. Beachy, John Fitchen, Gregg Clark and Amelia Briones 
Department of Cell Biology, The Scripps Research Institute, 10666 No. 
Torrey Pines Rd., La Jolla, CA 92037 U.S.A. 

Since the initial report of coat protein mediated resistance (CP-MR) against 
tobacco mosaic virus (TMV) in 1986 (Poweli-Abel et al) the Iist of viruses 
and transgenic plants to which this approach has been successfully applied 
has continued to grow (For a more complete review of CP-MR and other 
types or non-classical forms of virus resistance the reader is encouraged to 
see the volume on this topic in 'Seminars in Virology', R.N . Beachy, Ed., 
1993.). Furthermore, plants that exhibit CP-MR have been tested under a 
variety of field tria) situations, and based upon the successes of such trials 
it is likely that plant varieties with CP-MR will be commercialized within 
the near future. 

Although there have been notable successes in CP-MR, there are also 
examples in which the expression of genes that encode CP have resulted in 
low or insignificant levels of resistance. There are other examples in which 
the RNA sequence rather that the CP confers resistance (van der Vlugt et 
al , 1992; Goldbach et al, 1992). Because of these and other research 
findings it is increasingly important that researchers design experiments 
that conclusively identify that either or both RNA and protein is/are 
responsible for conferring resistance to virus infection in transgenic plants. 

In this laboratory we have concentrated our research efforts in CP-MR on 
severa) tobamoviruses, potyviruses, and geminiviruses. In sorne cases we 
designed experimental approaches to regulate the levels of gene 
expression and protein accumulation by using specific promoter sequences. 
In other cases gene sequences were altered so as to produce proteins that 
are modified in sequence and structure. The combined approaches have 
enabled us to further explore the mechanisms of CP-MR, particularly as it 
relates to TMV. 

Previous work carried out in this laboratory and in collaboration with 
other research Iaboratories convincingly demonstrated that CP-MR against 
TMV (in tobacco) resulted in Iarge part beca use one or more early events 
in virus infection were blocked (see the recent review by Register and 
N elson, 1992). Re gis ter and Beachy (1988) demonstrated that virus 
pretreated at pH 8.0 before inoculating transgenic protoplasts that contain 

Instituto Juan March (Madrid)



46 

TMV-CP overcame coat protein mediated resistance, presumably because 
the virus was disassembled beyond the point at which CP-MR was 
effective. Wu et al (1990) determined that TMV -CP in transgenic 
protoplasts prevented TMV from being uncoated and/or associated with 
80S ribosomes during the formation of stripasomes, the earliest event yet 
detected in the process of virus infection. Taken together these results 
suggest that an early event in the infection process is blocked in CP-MR. 
Although sorne of the steps in uncoating and stripisome formation can be 
demonstrated in vitro the precise mechanisms by which endogenous CP 
blocks these steps in vivo remain to be determined. In an ongoing study 
mutants of the TMV CP with altered assembly characteristics were 
developed and expressed both during virus infection (by replacing the w.t. 
coat protein cistron with one encoding the mutant in an 'infectious clone' of 
TMV) and in transgenic plants that were used in assays for CP-MR. The 
results of these studies and the implications regarding the mechanisms of 
CP-MR will be presented. 

In complementary studies we expressed the CP under control of the 
promoters deriveq from PAL and rol e genes (from A. rhizogenes): 
the former leads to expression in the upper epidermis and primary xylem 
and the latter to expression in phloem. Expression from the PAL promoter 
provided resistance to infection, but to a lesser degree than did the 35S 
promoter from CaMV. Neither the PAL nor the rol e promoter provided 
resistance to systemic infection. Expression of the CP gene primarily in 
leaf mesophyll cells (Ciark et al., 1990) or in phloem or xylem cells 
provided Iittle or no resistance. The results of these studies support the 
conclusions of Register and Beachy (1988, 1989) that CP-MR against TMV 
is largely the result of interference by the endogenous CP with an early 
event in the infection process, an event which must take place in the cell 
that is inoculated. In the case of mechanical infections with TMV 
epidermal cells are the first to be infected: it is therefore logical that 
accumulation of CP in these cells would provide resistance. 

While the expression of CP genes provides resistance to an early event in 
infection, other genes derived from virus sequence have been shown by 
other research groups to interfere with subsequent steps in the replication 
cycle. Of specific interest to us is the attempt to reduce the local and/or 
long distance spread of the infection. For these studies we are 
investigating the role of the TMV Movement protein (MP) and embarked 
on a strategy to develop transgenic plants that interfere with the MP. 
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The use of modified viral genes and host defense genes to obtain virus resistant 
plants 
J.F. Bol and H.J.M. Linthorst. 
Institute of Molecular Plant Sciences, Gorlaeus Laboratories, Leiden University, 
Einsteinweg 55, 2333 CC Leiden, The Netherlands. 

We have investigated the possibilities to exploit the plant defense mechanisms 
known as "systemic acquired resistance" and "cross-protection" to engineer virus resistan! 
plants. Sorne recent data on the frrst mechanism will be presented but the emphasis will be 
on a study of the second mechanism by the transformation of plants with (modified) viral 
genes. 

Systemic acquired resistance is the phenomenon that plants reacting hypersensitive
ly to pathogenic attack develop a broad resistance to a wide variety of pathogens in the 
pathogen free parts of the plant. As a model system we used the hypersensitive response 
of Samsun NN tobacco to infection with tobacco mosaic virus (TMV). The virus remains 
localized in necrotic lesions on the inoculated leaf and the virus-free parts of the plant 
become resistant to a subsequent challenge with viruses, fungi and bacteria. The induction 
of this resistance is paralleled by the de novo synthesis of many pathogenesis-related (PR) 
host proteins. The proteins from PR groups 1-5 can each be subdivided into extracellu1ar 
acidic proteins and vacuolar basic proteins. In addition to TMV infection, the genes 
encoding the basic isoforms are strongly induced by ethylene and wounding and they are 
constitutively expressed in the roots of healthy plants. The genes encoding the acidic 
isoforms are not expressed under these conditions. Mter TMV infection, genes encoding 
the acidic PR proteins are systemically induced but the genes encoding the basic isoforms 
are not, indicating that the latter play no role in the systemic acquired resistance. Results 
obtained by other groups indicate that proteins from groups 1, 2 (B-1,3-glucanases), 3 
(chitinases) and 5 (thaumatin-like proteins/osmotin) are involved in the TMV-induced anti
fungal response of tobacco. In agreement with this, we did not find any resistance to virus 
infection of plants transformed with genes from these PR groups. Recently, we have 
cloned severa! other TMV-inducible tobacco genes including genes encoding class I and 
class 11 proteinase inhibitors. Properties of these genes and their mode of induction will be 
presented. 

Cross-protection is the phenomenon that plants systemically infected by a mild 
strain of a given virus become resistant to infection with a severe strain of the same virus. 
A few years ago we showed that plants transformed with the coat protein genes of alfalfa 
mosaic virus (AlMV), tobacco streak virus (TSV) and tobacco rattle virus (TRV) were 
resistant to infection with particles of the respective viruses. Subsequently, we have used 
AIMV as a model to study the phenomenon of genetically engineered protection in more 
detail. The genome of AlMV is tripartite: RNAs 1 and 2 encode the replicase proteins P1 
and P2, respectively, and RNA 3 encodes the movement protein P3 and the viral coat 
protein (CP). In contras! to our AIMV CP plants, plants transformed with AlMV CP by 
Monsanto were resistan! to both AlMV particles and RNAs. In addition, plants were 
transformed by Monsanto with a mutant AIMV CP gene encoding a protein of which the 
frrst amino acid was changed from Ser to Gly; these plants were not resistan! to wild type 
(wt) virus. In collaboration with Monsanto we engineered the same mutation in an 
infectious clone of AlMV RNA 3 and the susceptibility of plants transformed with wt and 
mutant CP to infection with particles and RNAs of the mutant virus were investigated. 

Infection of non-transgenic tobacco with AlMV RNAs 1, 2 and 3 requires the 
presence in the inoculum of a few molecules of CP per RNA molecule. Plants transformed 
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with full-leng!h AIMV Pl and P2 genes (Pl2 plan!S) were found to support replication of 
RNA 3 when !hey were inoculated with an RNA 3 17-transcript wi!hout coat protein in 
!he inoculum. This shows !hat expression of functional AlMV replicase genes in tobacco 
does no! result in virus resistance. Ten independent lines of transforman!S were tested !hat 
express !he 3'-terminal region of the P2 gene !hat encodes !he C-terminal part of the 90K 
P2 protein !hat is homologous to !he TMV 54K sequence. This TMV sequence has been 
shown to confer resistance 10 TMV. Al!hough a number of transformants showed 
expression of !he truncated P2 gene at !he RNA leve!, none of !he l>P2 plants showed a 
resistance to AlMV infection. cDNAs of AlMV RNAs 1, 2 and 3 could be transcribed into 
infectious RNAs when fused to !he TI RNA polymerase promoter or were infectious as 
such when fused to !he CaMV 35S prometer. The role of !he coat protein in the initiation 
of AIMV infection was studied by inoculation of non-transgenic, Pl, P2 and Pl2 plan!S 
with various mixtures of AIMV 17-cDNAs, 35S-cDNAs and CP. The results indicate !ha! 
!he need for coat protein in !he inoculum depends on !he timing of !he production of 
AIMV RNAs and gene products after inoculation. 

Al!hough our AIMV CP plants are resistant to infection wi!h AlMV particles, !hey 
are susceptible to infection wi!h AIMV RNAs 1, 2 and 3. This indicates that CP produced 
by the plants mainly blocks uncoating of !he virus particles but is able to substitute for CP 
in a RNA inoculum. Recently, we transformed !hese CP plants wi!h !he AIMV P3 gene. 
Whcn these so called P34 plants were inoculated wi!h 35S-cDNA 1 and 35S-<:DNA 2, 
they supported replication of AIMV RNAs 1 and 2 at a leve! !hat was about 10% from the 
leve! obtained after inoculation of P34 plants with a mixture of 35cDNA 1, 35S-cDNA 2 
and 17-RNA 3. Apparently, expression of a combination of functional P3 and CP genes 
does not result in a resistance to inoculation with AIMV cDNA/RNA. 

A few recen! references: 

J.F. Bol, H.J.M. Linthorst and B.J.C. Comelissen. Plant pa!hogenesis-related proteins 
induced by virus infection. Annu. Rev. Phytopathol. 28, 113-138, 1990. 

H.J.M. Linthorst. Pathogenesis-related proteins of plants. Crit. Rev. in Plan! Sci. 10, 123-
150, 1991. 

P.E.M. Taschner, A.C. van der Kuyl, L. Neeleman and J.F. Bol. Replication of an 
incomplete alfalfa mosaic virus genome in plants transformed with viral replicase genes. 
Virology 181, 445-450, 1991. 

Instituto Juan March (Madrid)



50 

A satelllte RNA of a plant virus has linear, multlmerlc 
forma and clrcles as llkely lntermedlates In repllcatton 

Gaorga Bruaning, Dapartmant of Plant Pathology and Cantar for Enginaaring 
Plants for Resistanca Against Pathogens, College of Agricultura! and 
Environmental Sclences, University of California, Davis, California 
95616, U.S.A. 

Satellite RNAs increase only in cells in which a supporting plant 
virus is repllcatlng, and they become encapsidated in the supporting virus 
coat protein. A critica! characterlstic of a satelllte ANA is that it lacks 
any extensiva nucleotlde sequence similarlty with the ANA of the 
supportlng virus; in contrast, defectlve-lnterferlng ANAs, whlch are 
similar to satellite RNAs blologlcally, are deletion and rearrangement 
mutants of the genomic RNA, showing extensiva similarity to the genomic 
ANA. Because assoclation with a satellite RNA often reduces the 
accumulation of the supporting virus, the satellite ANA behaves as a 
molecular parasite of the virus. Of potential or actual agronomic 
lmportance, depending on the system, ls the ability of a satellite ANA to 
alter the symptoms that the supporting virus alone Induces, enhancing or 
ameliorating the severity of virus-lnduced disease. The 359 nucleotide 
resldue (nt) satellite ANA of tobacco ringspot virus (sTobAV RNA) is the 
subject of this abstract. 

No evidence lndicates that sTobRV RNA is a messenger ANA (Buzayan 
m at., 1986a). Nevertheless, lnoculated sTobAV ANA (Schnelder, 1977) or 
lts plasmld cONA clones (Gerlach .&.1 al., 1986), or transgenically
expressed sTobRV ANA (Gerlach .&.1 a.J.., 1987), reduce drastically the ti ter 
of the supporting virus, tobacco ringspot virus (TobAV) and effectively 
protect sorne host plants from the most severa symptoms of TobAV 
infection. Probable replication intermediates of sTobAV ANA (circles and 
repetitiva sequence, multimeric forms), and chemical reactions 
presumably involved in replication (self-cleavage; spontaneous ligation to 
form circles), have been identifled (Prody .&.1 al., 1986; Buzayan .e.1 al., 
1986b). 

Aesults presentad here and previously are consistent with 
replication of sTobAV ANA by means of rolling circle transcription. In the 
postulated replication scheme, the first step is the clrcularization of the 
most abundant of the encapsldated sTobRV ANAs, the linear, "monomeric", 
359 nt molecule arbitrarily designated as having the positiva polarlty and 
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abbreviated L-(+)M. The resulting circular ANA C-(+)M serves as the 
template for the synthesis of linear, multimeric sTobAV ANA of the (-) 
polarity, which is processed to L-(-)M. Clrcularization to C-(-)M, 
transcription, and processing of the multimeric (+) polarity transcript 
complete the replication cycle (Bruenlng, 1990; Bruening .e..t.a.l.. 1991 ). 

Certain detalls of the cleavage and ligatlon reactions have been 
elucidated, and mutants show a correlation between the circularization of 
L-(-)M in vitro and the ability of the corresponding L-(+)M to initiate 
replication (Feldstein .e..tal., 1989, 1990; van Tol .e..t.al., 1990, 1991). 
Translent expression of L-(+)M and mutants thereof was achieved by 
means of a plant DNA virus-derivad vector that allows even non
replicating mutants of sTobAV ANA to be generated in vivo. Both complete 

and certain deleted forms of L-(+)M, transiently expressed in protoplasts 
and In plants, circularized even in the absence of TobAV, suggesting that 

the first step In the replication of sTobAV ANA occurs without any 
contributlon from the supporting virus. 
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TRANSGENIC TOBACCO EXPRESSING RIBOZYME OR ANTISENSE 
SEQUENCES HAVE INCREASED RESISTANCE TO VIRUS INFECTION. 

Robert de Feyter, Mark Young, Katrin Schroeder, and Wayne Gerlach~ 

CSIRO Division of Plant Industry, GPO Box 1600, Canberra, ACT 2601, 
AUSTRALIA. 

* New address: R W Johnson Pharrnaceutical Research Institute, GPO Box 3331, 
Sydney, NSW 2001, AUSTRALIA. 

Ribozymes are RNA molecules with catalytic activity. The "harnmerhead ~ ' form of · 

ribozyme is capable · of being targeted against particular RNA molecules · and 

catalysing their cleavage in a si te specific manner. 

We have tested the ability of a ribozyme targeting the genomic RNA of tobacco 
mosaic virus to confer resistance in transgenic tobacco. The ribozyme, which cleaves 
TMV RNA efficiently in vitro, contains three catalytic domains embedded within a 1-
k.ilobase molecule that is complementary to the 5' end of TMV. Transgenic tobacco 

plants expressing the ribozyme under the control of the CaMV 35S promoter were 
generated. The corresponding antisense sequence and the transformation vector 

without insert were used to produce control transgenic tobaccos. When progeny of 
regenerants expressing the transgenes were challenged with TMV, 7 of 43 ribozyme 

lines and 6 of 51 antisense lines showed delayed onset of symptoms and reduced 
numbers of affected plants. In contrast, none of the lines transformed with vector 
alone were resistant to infection. Lines showing a resistant phenotype were not 
necessarily those expressing the transgenes at higher levels. Segregation analysis on 
lines having single transgenic loci showed that the resistance phenotype co-segregated 
with the transgene in every case. 

Resistance was maintained in following generations, and was greater for homozygous 
plants than for heterozygous progeny. Resistance occurred over a wide range ofTMV 
inoculum concentrations, and for inoculation with TMV RNA. Of note, the six 
resistant antisense lines all showed delayed infection with the related virus tomato 
mosaic virus (foMV; 80% sequence homology). However, only two of the six 

ribozyme Iines showed significant resistance to ToMV. 
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PATHOGEN DERIVED PROTECTION AGAINST HUNGARIAN 

GRAPEVINE CHROME MOSAIC NEPOVffiUS (GCMV) 

T. CANDRESSE, O. LE GALL, V.BRAULT, J.B. HIRIART, R.P. DELBOS, M. I.ANNEAU 

&J. DUNEZ 

Station de Pathologie Végétale, INRA, BP 81, 
33883 Villenave d'Ornon Cédex, FRANCE 

We have constructed an hybrid gene driving the synthesis, in transgenic plants, of thc 
coat protein (CP) of Hungarian grapevine chrome mosaic nepovirus (GCMV). As the GCMV 
CP coding sequence is located internaly on GCMV RNA2, it was first isolated and modified 
by the addition of an ATG codon and of a 5' non-coding sequence (Q leader of TMV). This 
construction was cloned in an expression cassette composed of CaMV 35S promoter and the 
terrninator from Agrobacterium nopaline synthase gene. The transgene was introduced in the 
genome of tobacco (Nicotiana tabacum var. xanthi), transgenic plants regenerated and Rl and 
R2 prog<..:nies carrying the transgcne in an homozygous forrn wen: final! y obtained. 

The corree! expression of the integrated transgene was verified by northern and by 
western blotting. The protein expressed has the expected size and accumulates at relatively 
high levels (approximately 2-6 flg per gram of leaf). This corresponds to levels 3-5 fold 
!ower than those observed during GCMV systemic infection of Chenopodium quinoa, the 
standard multiplication host of this virus. 

Analysis of the CP expressing plants (CP+) demonstates that these plants are resistan! 
to GCMV infection. The resistance seems to have two components which are observed at 
different inoculum pressures. At low inoculum pressure, fewer CP+ plants become infected as 
compared to non-expressor transgenic controls (CPÜ). At a higher inoculum pressure, this 
first component of resistance tends to diseappear but an importan! inhibition in the 
accumulation of viral RNAs is still observed. 

Surprisingly, the reduction in the accumulation of viral RNAs is also observed when 
the the transgenic CP+ plants are inoculated with purified viral RNAs instead of viral 
particules. 

Results derived from inoculation experiments using a nepovirus closely related to 
GCMV (tomato black ring virus, TBRV) and with a GCMV.:...TBRV pseudorecombinant will 
also be discussed, as well as data on the resistance of protoplasts derived from CP+ plants . 
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ON THE MECHANISM OF ACTION OF A PLANT VIRUS RECESSIVE 

RESISTANCE GENE. 

F. Ponz, R. Arroyo, M.J . Soto, J.M. Martínez-Zapater, C. de Bias. 

Opto. Protección Vegetal. CIT-INIA. Apartado 8111. 28080 Madrid. Spain . 

Since the proposal of the gene-for-gene model to explain plant 
resistance to pathogens (1). many examples have been shown to fit into it. In 

most cases, according to the canonical descriptlon of the model, the plant 
genes that are matched by their correspondtng avirulence genes in the 

pathogen govem a dominant trait: resistance. 

The gene-for-gene model can be applied to reslstance to plant viruses. 
Regardless of the difficulty of applytng the dominance/recessivity concept to 
avirulence genes of plant viruses, many virus resistances in plants are 
dominant monogentc (2). Severa! of these have been studied in molecular 

terms and sorne insight about their mechanisms of action has been obtained 
(e.g.: 3-8) . However, there are significant exceptions to the rule of dominance . 
One of them is resistance to potyvtruses. These viruses conform the largest 

group of plant viruses, having more than one third of the total of plant viruses 
described (9). About 40% of the monogenlc resistances to potyvtruses are 
recesslve (lO). 

We have been lnterested in the mechanlsm of actlon of the gene ya that 
confers resistance to the type member of the potyvtrus group, potato virus Y, 
in pepper (11, 12). This gene has been shown to be recesslve by severa! 
authors (13, 14). Our results lndlcate that potato virus Y has an impaired cell
to-cell movement in pepper plants carrytng this gene. These results will be 
presented and discussed, together with a progress report on the screening for 
new sources of resistan ce to viruses in pepper. 
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INDUCI'ION OF RESISTANCE IN PLANfS BY TRANSFORMATION WITH VIRAL 
REPLICASE GENE SEQUENCES 

Milton Zaitlin 

Department of Plant Pathology, Comell University, Ithaca, NY 14853 USA 

My laboratory has developed a novel approach to virus resistance, in which we 
transform plants with sequences derived from the viral replicase to induce resistance. We 
have shown this to be an effective strategy with both tobacco mosaic virus (TMV) and 
cucumber mosaic virus (CMV). However, as discussed below, for each virus we have 
employed a different portion of.the .replicase sequence. Work from our laboratory and 
others on such "replicase-mediated resistance" is· reviewed in detail in Carr and Zaitlin 
(1993). 

Our initial work on replicase-mediated resistan ce to TMV employed tlie so-called 54-
kDa protein of TMV, a putative component of the viral replicase (Golemboski et al., 1990). 
When this work was initiated, the presence of the 54-kDa protein in TMV-infected plants 
was (and still is) contentious; although there was reasonable evidence to suggest that the 
protein existed in infected tissue, its detection has eluded both us and one other laboratory. 
Our interest in it derived from our earlier finding that there was a subgenomic RNA which 
could be used to translate the protein in vitro, and that this subgenomic RNA was present 
on polyribosomes of infected plants. However, the 54-kDa protein has so far remained 
undetectable in infected plants, despite the use of severa! methods, such as Iabeling of plant 
tissues and protoplasts, as well as immunological methods employing severa! antisera. 
Nevertheless, studies were initiated to see if a function could be found for the protein. 
These studies included transformation of plants with the DNA sequence coding for the 54-
kDa protein. To our surprise, these transgenic plants were resistant to the tobacco mosaic 
disease. Their resistance was absolute, in that even very high doses of virus or viral RNA 
inocula could not bring about the disease. Subsequently however, we found that the cells 
in the inoculated leaves of these plants actually supported a low leve! of virus replication 
(Carr and Zaitlin, 1991). The .replication was so suppressed that the virus did not get into 
the vascular system and thus no-systemic-infection developed. The resistance was specific 
to the TMV strain used for the transformation (U1) and to a closely-related mutant, but 
resistance was not seen to other tobamoviruses and viruses from severa! other virus groups. 

A critica! question in understanding this phenomenon is to determine whether this 
resistance reflected the activity of the 54-kDa protein or its RNA in the transgenic plan t. 
Because we were unable to detect the 54-kDa protein directly in plants, we used an indirect 
gene tic approach to deal with the problem (Carretal., 1992). By making single nucleotide 
changes in the 54-kDa sequence, we created two mutants of the 54-kDa protein; one was 
able to produce a protein which lacked 14 amino acids on the amino end, and a second 
frame-shift construct engendered one which was only 20% full length. These constructs 
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were inserted individually into expression plasmids. When they were electroporated into 
tobacco protoplasts, together with TMV RNA, only the original 54-kDa gene and the 
mutant which lacked the 14 amino acids were able to suppress replication. The frame-shift 
mutant, although it had only a single nucleotide change, could not express a functional54-
kDa protein, and was not able to engender resistance. These data speak strongly for the 
role of the 54-kDa protein in the TMV resistance phenomenon. Very similar results have 
been recently obtained with pea early browning tobravirus, which encodes a similar 54-kDa 
replicase protein sequence (MacFarlane and Davies, 1992). In these studies, resistance was 
induced in Nicotiana benthamiana; data suggested that the functional54-kDa protein was 
required for resistance induction. 

For the induction of resistance to CMV, we took a different approach to that u sed to 
obtain replicase-mediated resistance for TMV. In this case, we cloned a truncated version 
of the RNA2 of CMV strain Fny (Anderson et al., 1992), as opposed to the complete open 
reading frame used in the TMV study. The sequences deleted from this RNA included a 
motif characteristic of RNA-dependent RNA polymerases, the gly-asp-asp, or "GDD" box. 
As with TMV, the resultant transgenic plants were highly resistant to CMV, whether they 
were inoculated with high concentrations of virus particles ' viral RNA. Furthermore, 
resistance was shown to be active in protoplasts, and like TMV, there was a markedly 
suppressed replication in the inoculated Ieaf, precluding sy ~ •e mic disease (Carr and Zaitlin, 
unpublished). Resistance was shown to the Fny strain used ·or the transformation and to 
severa! other strains in subgroup 1 of CMV, but not to strain.; of subgroup 11, nor to other 
cucumoviruses (Zaitlin, Anderson, and Palukaitis, unpublished). 

Carr JP, Zaitlin, M (1993) Seminars in Virology (In Press). 

Golemboski DB, LomonossoffGP, Zaitlin M (1990) Proc Natl Acad Sci USA 87:6311-6315 

Carr JP, Zaitlin M (1991) Mol Plant Microbe Interactions 4:579-585 

Carr JP, Marsh LE, Lomonossoff, GP, Sekiya ME, Zaitlin, M (1992) Mol Plant Microbe 
lnteractions 5:397-404 

MacFarlane SA, Davies JW (1992) Proc Natl Acad Sci USA 89:5829-5833 

Anderson JM, Palukaitis P, Zaitlin M (1992) Proc Natl Acad Sci USA 89:8759-8763 

Instituto Juan March (Madrid)



61 

Title: The development of repliease-mediated rcslstance as a strategy for producing virus-rcsistant 
legumcs. 

Aulhor.; : G.P. Lomonossoff, S.A. MacFarlanc & J.W. Davics, Dcpl. of Virus Rcscarch, John Innes 
Inslilutc, John Innes Centre, Colney Lane, Norwich NR4 7UH, U.K. 

It has rccently becn shown lhat plants transformcd wilh a portian of lhe replicase gene (54 K gene) 
from tobacco mosaic virus (TMV) aro reslstant to subscqucnt infcctlon by thc virus. Since all RNA 
viruscs contain replicase genes, lhls melhod, tcrmcd replicasc-mcdiated rcsistancc, could potcntially 
be applicd as a general method for the pmduction of vlrus·resistant plants. Wc are thcreforc 
Lnvcstigating whcthcr rcp1icasc-mediatcd resistance can be used to protcct lcgumes against virus 
infcclion. Two lcgumc-lnfecting vlruses have bccn choscn for thls study. One, pea early browning 
virus (PEB V) Ls a membcr of the alpha-like supergroup of posltivc strand RNA plant vlruscs and has 
a genome organlsation similar lo that of TMV. The othcr virus, cowpcu mosaic virus (CPMV), ls a 
mcmher of lhc picoma·like supergroup and has a very different gcnomc organlsalion. 

Nicotiana benthamiana planls have bccn transformcd with !he portion of the PF.BV gcnome which is 
the dircct equivalen! of the TMV 54K gene. The transformcd plants werc resistan! to infcction with 
purificd PEBV al inoculum doses of up to 1 mg/ml. Thc plants werc also rcsistant to infection with 
broad bcan yellow band tobravirus but not lo othcr mcmber.; of the tobravirus group. Dctails· of lhis 
work are given in thc postcr by MacP'ar1ane, S.A., l.omonossoff, G.P. & Davles, J.W. We now intc.nd 
to tran.~rcr lhe PEBV gene which confers rcsistance into peas and soybeans. 

Allhough it is known that thc CPMV replicase ls encodcd by thc 3' terminal half of the thc largcr 
genomic RNA (RNA 1), lhc precise region equivalen! in function to the TMV 54K gene ls uncertain. 
To map thc rcgions of RNA 1 which may be capabtc of eonfening rcsistancc whcn intmduccd into 
ptant eells, a 3' co·tcm1inat ncstcd sct ofRNA 1 dclctions havc been conslructcd. These will be usc.d 
in transicnt cxpression studies In cowpca protopla~ts to dctennine which rcgions ofRNA 1 are capablc 
of interfering with CPMV rcplication. Thc region~ identiOcd will be introduccd into transgcnic plants 
and the abilty of thc insertcd sequcnccs lo confer rcsistancc againsl CPMV dctcnnincd. 
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REACTION TO CYMBIDIUM RINGSPOT TOMBUSVIRUS INFECTION IN TRANSGENIC 
NICOTIANA BENTHAMIANA PLANTS EXPRESSING SEQUENCES OF THE VIRAL 
GENOME OR SATELUTE RNA 

Marcello Russo, Luisa Rubino and Rossella Lupo 
Centro di Studio sui Virus e le Virosi delle Colture Mediterranee, CNR, Bari, 
!tal y. 

Cymbidium ringspot tombusvirus has a single positive-sense genomic RNA 

of 4733 nucleotides. The viral genome encodes at least six polypeptides. The 

33- and 92-kDa proteins are components of the viral replicase; the 41 -kDa 

protein constitutes the viral capsid; the 22-kDa polypeptide is essential for 

cell-to-cell movemem; the 19-kDa protein and the predicted product of ORF 6 

are not essential to virus replication and movement and no specific function 

has been attributed so far. Defective interfering (DI) RNAs are generated de 

novo upon inoculation with CyRSV genomic RNA. Moreover, genomic RNA 

supports the replication of a satellite RNA (satRNA) of 621 nt. Nicotiana 

benthamiana plants transformed with satRNA sequences were not protected 

from apical necrosis and death induced by CyRSV, and the formation and/ or 

replication of DI RNA were inhibited. To test possible mechanisms of 

resistance against viral infections, N. benthamiana plants were transformed 

with al! CyRSV genes sequences. 

N. benthamiana plants transformed with CyRSV coat protein sequences 

inoculated with virus at 5.0 and 0.5 J.lg / ml showed a delay in symptom 

appearance and apical necrosis compared to contro l plants , while 

transformed plants inoculated with virus at 0.05 J.lg / ml did not show apical 

necrosis. The coat protein expressed in transgenic plants was also able to 

encapsida te a CyRSV mutant defec tive for encapsidation. 

Plants transformed with the 33- and 92-kDa proteins sequences, with the 

readthrough portion of the viral replicase alone and with 22- and 19-kDa 

proteins sequences showed a variable degree of r esistance among different 

lines, depending on the inoculum concentration. Finally, plants transformed 

with DI RNA sequences and inoculated with CyRSV genomic RNA showed 

symptoms typical of viral inocula containing DI RNA and recovered (this 

part of the work was done by Dr. J. Burgyan's group in Godó'll~ : Hungary). 
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The transposase of maize transposable element Ac forms large rod -like aggregates 
In nuclei of maize endosperm and !ransfecled petunia protoplasls. 

Manfred Helnlein 

lnstitut fOr Genetik, Unlversitat zu Kóln, Weyertal 121, D-5000 Kóln 41, FRG 

The maize transposon Actiyator (e&) is an autonomous element that encodes all 

non- host functions necessary to transpose itself and to mobilize the non

autonomous Pissocjat!on (,Q§,)-elements in trsns. The element is transcribed lnto 
a 3.5 kb mRNA which encodes an 807 amino acid open reading frame (ORFa). 

In nuclear extrects of maize endosperm a protein with en apparent molecular 
weight of 112 kDa was detectad with five antlsera directed agalnst at least three 
non-overlapping regions of the ORFa-protein. This protein is only found in 
strains which contain blologlcally active AQ.-elements and the amount is positively 
correlated with f&-dose. Overexpression of ORFa in insect cells results in the 
synthesis of a protein that is indistinguishable immunologlcally and in size from 
the maize protein and whlch is localizad within the nuclel of the insect cells 

suggesting that it is a nuclear protein. The expression of the cONA segment 
encoding ORFa in transgenlc tobacco plants is sufficient to trlgger excision of 
an ~-dependen\, non-autonomous ~-element, which makes the protein a 
likely candidata for the transposase (TPase). The protein binds to subterminally 
located multimeric AAACGG sequence motifs of the .Ag,-element. The resulting 

Protein/DNA- complexas are stabilized by protein ~ DNA- as well as by protein
protein-interactions. According to a modal the interaction between the DNA~ 
bound oligomers might mediata the formation of the active transpositíon complex 
in which both ends of the element to be exctsed are brought into clase proximity 
for excision. 

A transient excision assay has been developed, whlch allows to test the 
properttes of the wildtype TPase and mutant derivativas. Here, a plasmíd which 
encodes TPase and a reportar plasmid which carrles a Qs.-element insertad in 

the GUS-gene are cotransfected into petunia protoplasts. In thls assay the 
replacement of the weak AQ- prometer by stronger plant promoters do es not 
lead to the expected increase in excision frequencies. Furthermore, a truncated 
derivativa of the TPase whích lacks the 102 N-terminal amino acids triggers 

higher excision rates than the full-length protein. 
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The results of experiments will be descrlbed in which the protein encoded by transposable elemen\ M¿ (TPase) of maize has been visualizad by immunonuorescence. The proteln ls found in the nuclei of either .the malze endosperm and transfected petunia protoplasts where il appears to be . present as large rod shaped complexas of defined size. 

In maize, the number and strength of the signals ls positively correlated with .AQ-dose and varíes between strains which carry Ac at different genomic positions. The correlation between these differences and the occurrence of specif!c variegation phenotypes on l<ernels which carry eilher different f&insertions or different .t&-doses suggests that the presence and the number of the complexas is somehow involved ln transposition control. 

In petunia protoplasts the number of the TPase-complexes which accumulate in the nuclei is d irectly related to the strength of the prometer which is fused to the Ac-cod ing region. If proloplasts are comparad which do express either the wildtype or the truncated protein no obvious difference in the immunohistochemical signa! is seen lf both proteins are expressed under the control of the weak Ac-promoter. However, if the weak }&-prometer is replaced by stronger promoters the two proteins dlffer in intracellular distnbution and in appearance . In contr3.st to the wildtype TPase, only a fraction of the truncated protein expressed in the protoplasts is found in the nuclei while the majori ty is localizad in the cytoplasm. The structure of the nuclear complexas can not be distinguished from \hose of the wildtype protein. The cytoplasmic fraction, however, appears lo be different in that it conslsts of few large aggregates that are irregular in shape. 

As suggested by the cytoplasmic retention of the truncated protein the N- terminus of the transposase either inhibits . prematura aggregation in the cytoplasrr. or contains sequences necessary for efficient nuclear import. The sequence. in fact , contains clus ters of basic amino acids which are reminiscent to known plant nuclear localiz!ng sequences. 

The reduc tion in the number of nuclear complexas observad in case of the truncated TPase is correlated with an increase in TPase-activity. In addition. the increase in the amount of complexas as causad by replacement of the weak Ac-promoter by stronger plant promoters is not accompanied by an increase in excision frequency . These and other observations suggest that the TPase bound in the complexas probably is not the active protein. Does the formation of the complexas represen\ a mechanlsm which controls the prote!n's activity by sequestration? 
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Insect control with transgenic 
thuringiensis insecticidal crystal 

Dr. J. VAN RIE 
Plant Genetic Systems 
J. Plateaustraat 22 
9000 GENT (Belgium) 

plants expressing 
proteins 

Bacillus 

Bacillus thuringiensis sprays have been used for more than three 
decades as an alternative to chemical insecticides. More 
recently, transgenic plants expressing B. thuringiensis 
insecticidal crystal proteins (ICPs) have been produced. Field 
trials have indicated that effective insect control can be 
obtained with this technology. Adaptation of the native gene 
sequence may be necessary for efficient expression in sorne crops .. 
Transgenic plants expressing ICPs constitutively are considered 
to increase the risk of development of insect resistance. The 
incorporation of resistance management tactics is therefore an 
important element in this technology. 
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PLANT GENES FOR PROTECTING TRANSGENIC CROPS FROM CHEWING ANO SAP
SUCKING INSECT PESTS. 

V.A. HILDER, Department of Biological Sciences, University of Durham, Durham 
DH1 3LE, U.K. 

A reduction in those crop losses which are attributable to insect pests 
would make a significant contribution to redressing the imbalance between world 
agricultura] production and demand . There is, however, growing concern that 
the conventional means employed to protect crops from pests are becoming 
unsustainable; not least because of their potentially disastrous long-term 
ecological consequences. There is thus an urgent need to develop substitution 
technologies which would allow a much more limited use of synthetic pesticides 
yet provide protection for crops within a sustainable agricultura] framewor k. 
lt is in this area of crop protection that the recent advances in biotechnolog y , 
especially in genetic engineering, have been looked to as offering the 
possibility of revolutionary new solutions. Progress directed at using this new 
technology for the very real, practica] ends of crop protection has been rapid. 
Advances in molecular biology and plant tissue culture mean that it is now 
possible to produce transgenic plants for a wide range of crop species. 
However, the source of suitable insect resistance genes remains a key question. 

Genes encoding insect control proteins [ICPs] produced by pests and 
pathogens of insects have received by far the greatest amount of research 
effort, especially the crystal toxin genes produced by the insect pathogenic 
bactcrium, Bacillus thuringiensis [Bt]. The effectiveness of transgenic p lants 
expressing Bt toxin in resisting insect herbivoury, in those situations. where it 
does work, is very impressive. Monsanto Company have now demonstrated that 
such protection can be translated into commercially acceptable levels of field 
protection in such important crops as cotton, corn and potato. However, despite 
the impressive progress made with Bt-expressing crops, sorne important 
prob lems rema in to be addressed. There is concern that this further use of Bt 
toxin may lead to dependence on a single factor resistance, exacerbating the 
risk of the pests developing resistance to it. Recent reports of broad-spectrum 
resistance Bt toxins are cause for particular concern. Another feature of Bt 
toxins is their inherent specificity; given the current pattern of chemical 
insecticida usage, it is clear that any replacement technology should be 
ap p licab le to a broad range of insect pests. 

The technical strategy we have adopted in the Durham University - AGC 
Ltd. 1 nsect Resistance Programme is to mimic the natural, multi-mechanistic 
protection systems which have developed in plants themselves over the course 
of their long co-evolution with insects: the plants' own solutions to the plants' 
problem. Plants have evolved a number of mechanisms to protect themselves 
against insect attack and the combination of these is generally sufficient for 
durable resistance to most insects. Various factors in the artificial systems of 
agricultura have led toa breakdown of this balance. We have now isolated more 
than twelve plant genes encoding different ICPs . Amongst these are 
representativas from more than six different classes of proteins, each with a 
quite different mechanism of insecticida) activity. These genes, and selected 
combinations of them, are being tested in transgenic plants against a variety 
of insect pests. 

The first example of this approach involved the cowpea trypsin inhibitor 
[CpTI] - the gene for which has been introduced into tobacco p lants by 
Agrobacterium-mediated gene transfer [Hilder et al., 1987] . CpTI has been shown Instituto Juan March (Madrid)
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in transgenic plants or in artificial diet bioassays to adversely affect the 
development and survival of a variety of different pests belonging to the 
orders Lepidoptera, Coleoptera and Orthoptera. 

Since insect control proteins will be delivered to the insects as part of 
their food in transgenic crops, we have identified a number of candidate genes 
whose products adversely affect the insects' digestiva system in different ways. 
The classes of compound include: 

Serine protease inhibitors : - such as CpTI. Many insects, particularly the 
Lepidopterans, depend on serine proteases as their primary protein digestive 
enzymes. 
Thiol protease inhibitors : - targetted at those insects, such as the major 
Coleopteran pests, which have acidic guts and rely on thiol rather than serine 
digestive proteases. 
Alpha-amylase inhibitors - disrupting carbohydrate metabolism. 
Lectins : - sugar binding proteins which appear to interact with receptors 
in the gut wall of susceptible insects. 
Ribosome lnactivating Proteins : - which have been shown to be particularly 
toxic to Coleopterans 

Specific candidate genes for each of these classes have been identified 
and cloned, as cDNAs or by PCR amplification, for introduction into transgenic 
plants, where they are being testad singly and in various combinations. Absence 
of mammalian toxicity was a key consideration in selecting candidata genes. 
Differential toxicity resulting from the different organisation of the insect and 
mammalian guts can be exploited to select insecticidal proteins which are not 
harmful to the intended end-users of the crops. The selection of potentially 
useful insecticida] lectins provides an example of this strategy. Different 
lectins show a wide range of toxicity when fed to insects or to mammals. 
However, whilst both wheatgerm agglutinnin [WGA] and the lectin from snowdrop 
[GNA] are toxic to beetles, the former is also notoriously anti-nutritional to man, 
whereas GNA is essentially harmless. Thus, the GNA gene has been selected for 
transfer into transgenic plants. 

The use of these genes in combinations within transgenic plants to give 
multi-gene, multi-mechanistic resistance is expected to increase both the 
effectiveness of insect control and its durability, reducing the chances of 
resistant populations of insects developing. An initial demonstration of the 
principle of combining these genes has been made by cross breeding transgenic 
tobacco plants which have been individually transformad with the CpTI gene 
and the lectin gene from the garden pea. In this case the genes had 
independent, additive -effects in controlling Heliothis larvae. Protease inhibitors 
should be particularly valuable components in such combinations by protecting 
the other ICPs from premature hydrolysis in the insect gut. 

Plant derived insect control proteins tend to be of relatively low absoluta 
toxicity compared to chemical pesticidas or Bt. toxin. The question of whether 
expression of a foreign, plant-derived protein in transgenic plants at the levels 
required for effective insect control incurs a yield penalty has been addressed 
using our population of CpTI-transformed tobacco plants under carefully 
controlled conditions in the growth room. Small, but sometimes significant 
differences were observed between transgenic and control p lants, but appear 
to r·esult from the transformation process, not from expression of tl:le foreign 
pr otein. 

The pest insects which have been considerad so far fee d by chewing 
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plant tissues. Those insects belonging to the order Homoptera- the sap-suckers 
- include many of the most serious agricultural pests. Crop damage is caused 
not only directly by the feeding of aphids, planthoppers etc, but sorne of the 
most serious losses are indirect, due to their role as vectors of p lant viruses. 
Reduction of Homopteran insect populations would be particularly useful in 
limiting the spread of viral diseases in crops. 

Because of their specialised feeding behaviour and physiology the 
currently available transgenic plant technologies have so far not been 
successful in controlling them. Two major problems have had to be solved 
before this technology could be extended to sap-suckers: 

i) the identification of effective gene products - Bt toxins with acti vity 
against Homopterans have not been described, and most characterised natUI'al 
plant resistance mechanisms to them appear to be based on small, non-protein 
secondary metabolites 

ii) the development of an effective means of delivery - expression is 
required in the ph loe m sap if the protein is to be ingested by the insects. 

Using an artificial diet bioassay, whereby the insects feed on artificial 
sap through a parafilm membrana, we have identified a number of plant protein s 
which are toxic or anti-metabolic to Homopterans. Amongst these proteins, it has 
been show n that the snow drop lectin is effective against rice brow n 
planthoppers [Nilaparvata lugens] and rice green leafhoppers [Nephotettix 
nigl' opictus] - both major sap sucking pests of rice - and against peach potato 
aphids [Myzus persicae]. 

The p¡·omoter associated with the rice sucrose synthase 1 [RSs1] gene has 
been shown to direct phloem specific expression of GUS. in transgenic . plants. 
This prometer, and the RSs1 gene intron 1 have been linked to the gene 
encoding GNA and this construct is being introduced into transgenic rice and 
tobacco for testing in planta against the brown planthopper and peach potato 
aphids. 

Thus, plant biotechnology is well on the way to offering a realistic 
alternative to total dependence on chemical insecticidas [or surrender to insect 
pests] in a wide variety of crop production systems. The technology is being 
transferred to 'orphan', third-world crops as well as the major crops of the 
developed world. Much remains to be done to determine the optimum strategies 
fo,· using transgenic crops as part of an integrated pest management system 
for sustainable agricultura, but the rate of progress has been impressive. 
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CEREAL INHIBITORS OF INSECT HYDROLASES (a-AMYLASES ANO 
TRYPSIN): GENETIC CONTROL, TRANSGENIC EXPRESSION 

ANO INSECT TESTS 

P. Ca rbonrro1•1, J. Royo1, I. Oíaz2, F. García-Maroto1, E. González-Hidalgo1, c. 
Gut i errez· and P. Castañera3• 

1Bioquímica y Biología Molecular. E.T.S . Ingenieros Agrónomos-UPM. Madrid. 
2centro Nacional de Biotecnología. CSIC . Madrid. Spain 
3centro de Investigaciones Biológicas. CSIC. Madrid. Spain 

A substantial fraction of the albumins and globulins from cereal endosperm 
is represented by a single protein family that includes trypsin inhibitors and 
monomeric, dimeric and tetrameric inhibitors, of heterologous a-amylases. 
This group of homologous inhibitors which may play a protective role against 
insect predators, is encoded by a multi-gene family which is dispersad over 
five out of the seven homoeology groups of chromosomes in wheat and barley. 
Only recent advances in our knowledge of barley trypsin inhibitor CMe and of 
monomeric inhibitor of a-amylase, WMAI-1, will be discussed. 

Trypsin inhibitor CMe. cONA and genomic clones corresponding to trypsin 
inhibitor CMe have been characterized. Chromosome 3H carries the gene(s) for 
CMe. A gene duplication in a region of <4 kbp is present in cv . Villa . The 
1" gene corresponds to the cONA and has no introns ; the second copy is a 
pseudogene. In certain high-lysine mutants of barley, such as Riso 1508, this 
protein is present at less than 2-3% of the wild-type amount in the mature 
kernel with respect to the wild type barley (cv . Bomi) from which it was 
derived and the corresponding mRNA levels in developing endosperms are also 
repressed ( <1%). Neither a change in copy number nor a major rearrangement 
of the structural gene account for the markedly decreased expression. The 
mutation at the ~ locus in Riso 1508 has been previously mapped in 
chromosome 5H. A single dose of the wild-type allele at this locus (~) 
resto res the express ion of gene CMe in chromosome 3H to norma 1 1 e ve 1 s, 
indicating that the expression of gene CMe is regulated in trans by the gene 
at the ~ locus. The molecular characterization of this trans-activator 
i s one of the a ims of the present research in our group, as we 11 as the 
functional study of the prometer for CMe in transient expression experiments 
with barley protoplasts and in transgenic tobacco plants. 

Monomeric a-amylase inhibitor WMAI-1. The cONA corresponding to WMAI-1 
has been expressed in Escherichia coli. The protein has the correct N
terminal sequence and the same electrophoretic mobility and specific activity 
towards the a-amylase from the insect Tenebrio molitor as the mature WMAI-1 
isolated from wheat. Thirteen mutants have been obtained at si x different 
si tes. Subst i tut ion of the hi ghl y conserved N-termina 1 S by the sequence 
ARIRAR increased the pre-incubation time required for maximum activity. A 
similar result was obtained by insertion of GPRLPW after 'position 4, while 
insertion of EPRAPW at the same position rendered the inhibitor inactive. The 
subst i tut ion 0/EGPRL and i nsert ions OGP or O, at pos i t ion 58 , produced 
complete inactivation. All other mutations had onl y minor effects on 
activity. 

Transgenic tobacco plants carrying chimeric genes with the 35S prometer 
followed by the cDNAs for CMe, and WMAI-1 have been obtained and tested 
against Agrotis ipsilon and Spodoptera littoralis. Increased mortalities in 
transgen i e p 1 ants in the range of 30-40% over centro 1 s ha ve been observed wi th 
larvae of both species. 
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TOWARDS THE MAP-BASED CLONING OF THE TOMATO ROOT-KNOT 

NEMATODE RESIST ANCE GENE Mi 

Pim ZabeJl, Tsvetana Liharskal, Valerie Williamson2 and Maarten Koornneef3 

1) Wageningen Agricultura! University, Department of Molecular Biology, Dreijenlaan 3, 

6703 HA Wageningen, Netherlands 

2) University of California, Department of Nematology, Da vis, CA 95616, USA 

3) Wageningen Agricultura! University, Department of Genetics, Dreijenlaan 2, 6703 HA 
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Introduction 

Root-knot nematodes (Meloidogyne spp) cause severe damage worldwide toa wide 

variety of crop plants of economical importance, including monocotyledons, dicotyledons 

and he: baceous and woody plants (Sasser, 1980). As utilization of nematode resistant plant 

cultivars provides an effective and environrnentally safe alternative to chemicals for root-knot 

nematode control, much effort has been put into identifying host resistance against these 

pathogens in the germplasm of established cultivars or in related wild · -species ~ Forsome plant 

species useful sources of resistance ha ve thus been identified and successfully incorporated 

into cultivars through breeding programs. However, for sorne crops that are severely 

damaged by these pests, no suitable source of resistance is available. 

In principal, recombinant DNA technology has the potential to allow the transfer of 

appropriate resistance genes into susceptible crops across genetic incompatibility barriers. To 

date, this powerful approach is not feasible, as no nematode resistance genes have been 

cloned. A pan from the poten tia! impact on agriculture, cloning of resistance genes would be a 

major step towards understanding the molecular events involved in the plant's defense 

· response. Tomato offers an accessible model system from which to clone a nematode 

resistance gene. 

Root-knot nematode resistance in tomato 

Root-knot nematode resistance in tomato was first observed in 1941 by Bailey in the 

wild species L.peruvianum. Using embryo rescue, Smith (1944) succeeded in introducing 

this trait into L.escu/entum . The resistance was subsequently shown to be encoded by a 

dominan! allele ata single locus, referred toas Mi , an acronym taken from the first letters of Instituto Juan March (Madrid)
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the root-knot nematode species Meloidogyne incognita (Gilbert and McGuire, 1955). The Mi 

locus was mapped to chromosome 6 (Gilbert, 1958) and was found to confer resistance to 

the three most damaging root-knot nematode species, M.incognita, M.arenaria and 

M.javanica . Nematode resistance in all modern tomato lines derives from the single hybrid 

plant obtained by Smith (1944). 

Root-knot nematode juveniles are attracted to both resistant and susceptible plant 

roots. Following host penetration, generally near the root tip, nematodes migrate 

intercellularly to the region of cell differentiation (Eisenback and Triantaphyllou, 1991). 

From this point on, the course of events depends on the compatibility of the interaction 

between the nematode and the plant genotype. In a susceptible host, plant cells adjacent to the 

head of the nematode enlarge, in response to signals from the nematode, to form "giant 

cells", which are large, multinucleate, metabolically active cells that serve as a source of 

nutrients for the developing, endoparasitic form of the nematode. Concurrent hyperp1asia and 

hypertrophy in the surrounding tissues leads to the formation of the galls or root-knots, 

characteristic of Meloidogyne spp. infection. In a nematode resistan! genotype, however, a 

localized necrosis of plant cells around the anterior end of the nematode occurs within one 

day of infection and no giant cells or galls are formed. How the Mi gene triggers this 

sequence of events is unknown. Conceivab1y, a clone of Mi would provide a powerful too! 

for investigating the mechanism of this plant/pathogen interaction. 

Map-based cloning of the root-knot nematode resistance gene Mi 

The past decade has been a major advance in the development of gene isolation 

strategies. Nowadays, essentially every segment of a eukaryote genome is accessible for 

detailed identification and manipulation, irrespective of its coding poten tia!. When the protein 

product of a gene of interest is known, cloning of the gene is relatively simple using 

techniques which are in every molecular biologist's too! box. Thus, once the protein has been 

purified antibodies directed against it can be used .to screen a cDNA expression library. 

Alternatively, oligonucleotides synthesized on the basis of corresponding amino acids from 

parts of the protein may be applied to screen a cDNA library or to prime a polymerase chain 

reaction (PCR). The latter approach, in particular, has shown to be extremely powerful in 

isolating genes encoding low abundant proteins (Aarts et al., 1991). 

Because the product of Mi is unknown, strategies for gaining access to the gene are 

limited. Basically, two approaches are available, transposon tagging and map-based cloning. 

Map-based cloning, which is also referred to as positional cloning or reverse genetics, 

involves the identification of DNA markers surrounding the target gene, the physical 
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mapping and cloning of all sequences between the two closest flanking markers, and, finally, 

the complementation of a susceptible host through transformation so as to identify the cloned 

chromosomal fragment carrying the resistance gene (Wicking and Williamson, 1991). 

Thusfar, most examples of genes approached by a map-based cloning strategy are to be 

found among human heriditary disease genes, but more recently also plant genes start 

entering the scene (Giraudat et al., 1992). 

Although simple in its concept, gene isolation by a map-based cloning approach is 

laborious requiring many steps to be taken before the gene of interest is finally at hand. 

Irrespective of the nature of the target gene, map-based cloning boils down to the following 

steps: 

(i) determine chromosomallocation (genetic map position) of gene of interest by linkage 

analysis 

(ii) identify tightly linked molecular markers 

(iii) determine genetic order of molecular markers around target gene 

(iv) construct long range physical map showing the physical order of and distances 

between molecular markers 

(v) clone all sequences between two closest flanking markers 

(vi) identify the cloned chromosomal fragment carrying the gene of interest by 

complementation of a genotype with the corresponding mutant phenotype. 

Asto thé root-knot nematode resistance gene Mi in tomato, step (i) had airead y been 

accomplished more than 30 years ago as described above. To start a collection of molecular 

markers surrounding the Mi gene (step (ii)) we have isolated the acid phosphatase gene Aps-

1, that is tightly linked to Mi and amenable to cloning using a product-based cloning 

approach (Aarts et al., 1991; Williamson and Colwell, 1991). Furthermore, by screening a 

set of well-defined genetic stocks of tomato which differ only for a small chromosomal 

region carrying the resistance gene, we have been able to identify a variety of additional 

linked RFLP and RAPD markers (Klein Lankhorst et al., 199la,b; Ho et al., 1992). These 

markers have been ordered into a high reso1ution molecular linkage map of the Mi region 

(step iii) that provides the landmarks for a chromosomal walk in the Mi region (Ho et al., 

1992). Among the four cDNA markers that are tightly linked to Mi, three are dominant 

(L .peruvianum specific) . One cDNA marker (LC379) corresponds to a gene family 

comprising 20-30 members, one of which is present in the smallest introgressed region (500-

1000 kb) associated with Mi. Whether the lack of hybridization to L.esculentum DNA is due 

to rapid evolutionary divergence or to the presence of L.peruvianum specific genes is not 

clear, but it raises the possibility that Mi (and perhaps other plant resistance genes) may not 
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have a homologue in susceptible genotype DNA. As a first step in dissecting the molecular 

organisation of the introgressed region around the Mi gene, we have constructed two long

range physical maps of the closest flanking markers (GP79 and Aps-1) which together span 

over 1200 kilobases. A chromosomal walk in the Mi region is now in progress. To this end, 

a Yeast Artificial Chromosome (YAC) library of tomato carrying chromosomal segments of 

100-500 kilobases is being screened with markers from the Mi region. Eventually, this 

should result in the cloning of all DNA sequences contained between the two closest flanking 

markers and the molecular identification of the Mi gene. 
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INTRODUCTION TO MEGABASE MAPPING AND CLONING STRATEGIES 

Pim Zabel. 
Wageningen Agricultura! University, Department of Molecular Biology, Dreijenlaan 3, 6703 HA 
Wageningen, The Netherlands. 

The past decade has seen a major advance in the development of gene mapping and gene isolation 
strategies. Nowadays, essentially every segment of a eukaryote genome is accessible for detailed 
characterization and manipulation, irrespective of its coding potential. Techniques for analysing 
complex eukaryote genomes have become so powerful that, in principie, entire chromosomes or 
even genomes are amenable to physical mapping and sequence analysis. For yeast, Caenorhabditis 
elegans, Drosophila melanogaster, mouse, human and Arabidopsis, genome programs have been 
launched to construct physical maps of ordered, contiguous clones of chromosomal DNA covering 
the entire genome. These maps will serve in cloning any gene of interest through map-based 
cloning strategies. 

A breakthrough in the separation.technology of DNA molecules was the.development.in :l984 .by 
Schwartz and Cantor ofpulsed•field gel electrophoresis (PFGE). By using two perpendicularly · 
oriented electric fields in an alternating mode, rather than a constantly applied single field as in 
conventional electrophoresis, a dramatic increase in separation range was obtained. Individual 
yeast chromosomes, ranging in size from 230 kb to 2000 kb were clearly resolved and upon 
blotting to a carrier amenable to hybridization analysis. Since then, there has been a plethora of 
techniques and types of apparatus which are variations on this theme and allow for the resolution 
of DNA molecules as large as 10,000 kb (10Mb). Thus, the gap in resolution between standard 
techniques in molecular biology and the 100-5000 kb size range that is covered by genetic 
recombinant analysis has been closed. 

In 1987, another major advance in the analysis of complex genomes was made by Burke et al., 
describing an elegant vector system capable of cloning severa! hundred kilo base fragments of linear 
DNA as yeast artificial chromosomes (YACs). With their ability to accommodate 5-20 fold greater 
amounts of DNA than cosmids, Y ACs thus brings DNA cloning technology to resolution of 
genetic/cytogenetic maps. 

The past five years has seen an explosion in the application of Y AC-technology towards the study 
of complex eukaryote genomes. Y AC-libraries ha ve been made of a variety of organisms and used 
to isolate (large) genes, gene clusters or other regions of biological interest present in a single YAC 
or in a relatively small number of overlapping YAC clones. In sorne systems, Y AC-technology is 
already taken one step further in its application to assemble contigs of overlapping Y ACs covering 
an entire chromosome or genome. 

This Iecture aims to review the -basic aspects of PFGE- and YAC-technology that are·relevant to · 
long-range genome analysis. 
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Molecular Plant Breed1nq: Plant Protection and Subsoquant Goals. 

,J. schell 
Max-Planck•lnstitut fUr Züchtungsforschunq 
car!•von-Linn€-Weq 10 
lUH n 3 O/ I<'RG • 

There can be little doubt that plant protect:.ion will be thé 

first and for some time to come, the major field of application 
of qenetic engineering in plants. Practica! results will 
determine whether . or not this method becomea established AS a 
powerful new tool in breedinq sohemes. 
~nereas muen progress has been obta1ned with reqard to breeding 
of herbicide-, inseot- and virus resistant crops, there still is 
room for signif!cant improv$ments particularly with regard to 
fungal, bacterial and nematoda attack. It will be ot interest to 
study how introduced resistance genes can be eoordinated with 
resistance meehanisms already operative in the plants. New 
approaohes Will be need.ed. h'e shall discul!ls a new method of 

gene-taqging that produces dominant 11 gain of function" mutntions 
and will illustrate its usefulness in study:l.ng vari.ous 
mechanisms operative in plants resulting in tolerancefresistance 
to biotic and abiotic stresses. 
The exp~rienoe gained in producing plants with improved plant 
prctecti~n pro~erties will be invaluablc in th~ ne~t phase.s of 
molecular plant breeding leading to plants with improved quality 
(e.g. ripen1ng control) or for the produotion · of · tallor-made · 
lipids, carbohy4rates, fine chemioals, pharmac:euticals etc., 
etc. as well as plants with improved l!'esistance to abiotic 
stresses (drought 1 temperature, heavy metals etc., etc.). 
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J)EVELOI'MENT ()]< A PEPI'!<;R THANSFOI<MATJON SYSTEM 

R. Arroyo , Jl. J>onz y J.M. MarHne7..·Zapillcr . 
Dpto. dl' Protección Vegetal. CIT-INJA. Ctr<~ . de La Coriti\a, Km 7. 28040 Madrid 

The mosl widcly uscd tedmiquc for plan! ccll tranMormation ls bascd o1l :he 
!HIIural gene lnmsfer abillty of Agro/mctr.rium iumcfndcns. In thi~ work, wc h;tvc 
trled to devclop Ml A. trmtcfncieus -mcdiatcd trnnsfor~nation system íor pcp¡•cr, 
Cnpsicum n1111111mt cv. l'iquillo, bnscd on a previous protocol for pcppcr ln vitro 
rcgcncration system (Arroyo and Revilla, 1991). · 

In l'lll an«lysis of nll thc putativc steps relnted with lh'c transformnlion prOCC'S!· in 
pcpper, wc hnvc observcd lhéll thc developmenlal stagc oí thc plnnt material ill1d 
lhc host rangc of the Agrobacterium strélin dcpends 111rgely on thc spedcs w ed, 
whlch hampcrs thc formulation of a general proccdure. J Iowevcr, somc gen1 !ral 
guidelincs for the devclopment oí« transformalion prí,tocol can be dcpiclcd. 
Ovcrall, wc hnvc noted that ndittion of sil ver nitrato during the transforma! ion 
éll\d rcgencration process reduces the stress in thc plnnts, r~nd thr~t thc us1 · of 
feeder layers in the prccultl1TC' improvcs the indudion of thc w genes. Also, the 
time lengh of coculture is importan! in rcgulating the growth phc'ISc oí the 
baclcrin at the time of lnfcction. In our case, 4-6 dáys In the tlptimum for liH· 
highesl pcrc<~ntagc of transfonncd shoots. Thesc and othcr experimental del ails 
will be discusscd, togethcr with other approac:hcs Lakt111 . 

Rcfcrcncc¡¡ 

Arroyo, RA., and J{evilla, M.A. (1991 ). In vitro plant rcgeneration { ·om 
cotylcdon and hypocotyl segmcnts in two bell pcpper cultivar. Pllmt Ccll R(~port¡.; 
10:414-416. 
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PROGRESS ON USE OF DEFECTIVE INTERFERING RNAs TO ELICIT 

RESISTAN CE AOAINST TOMA TO BUSHY STUNT VIRUS IN TRANSGENIC 

PLANTS 

Marisé Borja*. and Andrew O. Jackson 
Department of Plant Pathology, University of California, Berkeley 

Tomato bushy stunt virus (TBSV) is a tombusvirus which is transmitted through soil 

and often induces lethal necrosis. In California it has been described as the causal agent 
ofthe "tomato decline" disease in the Imperial Valley. The virus has a single strand 

positive sense RNA of 4.8 Kb with four ORFs (the replicase, the capsid protein, p19 

and p20 which maybe involved in movement). Exprcssion of the capsid protein and 

nested p 19 and p20 genes is mediated through subgenomic RNAs. Under certain 
circumstances TBSV produces defective imerfering RNAs (Dis), whose sequences are 

derived from the virus. These DI RNAs are encapsidated by the viral coat protein and 
replicate much more rapidly than the viral genomic RNA , 11ms, they presumably 
inhibit virus replication because they compete with the viral RNA for the replicase. 

In order to use the Dls in transgenic plants as a mcthod to engineer resistan ce to TBSV 
infection, the ends of the transgenic Dls have to represent precise.! y the termini of native 
Dls to be recognized by the replicase. For this purpose ribozymes specific for each end 
were designed that would specifically cleave DI RNAs from longer transcripts 

produced in transgenic plants. A polymerase chain reaction procedure was used to 

clone the ribozymes expressing the DI, into a Bluescript plasmid (BRz-Dl), The RNA 

obtained by the in vitro transcription of BRz-DI is able to self-process in vitro to yield 
the native sized DI RNA plus the two ribozymes. This processe.d DI RNA is replicated 
in protoplasts when cotransfected with the virus, and it is able to attenuate TBSV 

symptoms in N. benthamiana as effectively as the native DI. Moreover the processed 
DI RNA inhibits the replication of the virus in N. benthamiana and in N. clevelandii. 
Experiments are underway to subclone the Rz-DI into an Agrobacreriwn vector to 

obtain transgenic plants resistant to TBSV. 
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Gene Expr~ssion in Barley in Response to Mildcw lnfection 

L. Boyd. Cambridge Laboratory, John Innes Centre for Plant 
Science Research, Colney Lane, Norwich, NR4 7UJ (U.K.). 

Many plants show race-speci!ic resistanc.c (RSR) to disease. lf the pathogcn has an 

avirulencc gene which corresponds to a host resistance gene, thcrc is an incompatible 

intcraction, which limits pathogen dev~k1pment. Whilc in a compatible interaction there is 

cxtcnsive disease. Our aim is to understoml the mcchanism of RSR of barley to powder 

mildew (causal agcnt Hrysiphe graminis f.s¡>. hnrdri) . Wc are cspcclally lnterested in the M la 

locus, which has over twenty different RSR allclcs. 

In this study wc havc Iookcd for dirferernces in the response of barlcy to infcction by 

virul~nt nnd avirulcnt mildcw isolates. Severa! genes with dcl'cncc·associated functions are 

induccd in both compatible and incompatible infections. These include n chitinnse, 

pcroxidase, phenylalanine ammonia-lyasc (PAL) anda gene homotogous to the pathogenesis· 

rdated 1{ protcin (PR-R) of tobacco. We have re.lated the exprcssion of thcse genes to the 

developmcnt of mildew inf~ction strul:ture. 

The expression of these genes is similar in compatible and incompatible inter;1ctions 

in severa! wnys. Diffcrcnccs in the levels of chitinase, peroxidase nnclthe PR·R prote.in only 

appcar 30 hours aftcr infection (h .a.i), when mild~w starts to form haustoria. i\t this time 

mRNA levels fall in virulcnt-infected plants, bul not in avirulent infections. The growth of 

virulcnt and avirulent mildew is similar up to 30 h.a.i, butthereafter avirulent isolates grow 

more slowly. This suggests that th~ diffen:n<.:~ - s in gene expression is related in some way to 

RSR. There is a similar fall in PAL cxprcssion in compatible intcraetions at 30 h.a.i, but 

recently we have found thnt PAL mRNA lcvcls are highcr in incompatible than compatible 

intcractions at 5 h.a.i, the time at whkh primary g~r111 lub~ - s (PGT) develop. This suggests 

that the plant is capable of rccognising thc diffcrcncc bctwccn virulcnt and avirulcnt mildcw 

isolates even at this carly stagc. 
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ANALYSIS OF THE EFFECTS OF PROTEASE INHIBITORS OH HELIOTHIS 

VIRESCENS USING IN VITRO ANO IU VIVO ASSAYS. 

C.L. Brough, 1\.A. Johnston, A.M.R. Gatehouse, V.A. Hilder, D.Boulter and 
J.A. Gatehouse. Dept. Biological Sciences, University of Durham, Durham, 

DH1 3LE, U .1<. 

Transgenic tobacco planes expressing a cowpea trypsin inhibitor (CpTI) 
have been shown to have enhanced resistance against the tobacco budworm 

Heliothis virescens (Hilder et 111., 1987, N~tture 330: 160-163). The cowpea 

trytisin inhibitors comprise a small family of four major iso-inhibitors 
belonging to the Bo~nn11n-Birk type pro tease inhibi ter group ( i. e. double
headed inhibitors). Three are trypsin-trypsin inhibitors 11nd the fourth is 

a trypsin-chymotrypsin inhibitor (CpTCI) . The gene originally introduced 
into tobacco had only trypsin inhibitor specificity. However, this may not 

be the most effective choice since characterisation of the gut enzymes of 

H. virescens has demonstrated t\10 major enzyme activities:- trypsin-like 
and chymotryps in-like, and a lower level of an elastase-like activi ty. 

Therefore, an inhibitor with more than ene type of inhibitory activity may 

be more effective against this insect pest. Inhibition assays have been 
performed en H. virescens gut extracts using total cowpea trypsin 

inhibitors (CpTI+CpTCI), soybean Bowman-Birk trypsin-chymotrypsin inhibitor 

( SBBI) and soybean 1\uni tz tryps in inhibi ter ( SBTI) to determine which is 

the most effective. Furthermore, to ascertain whether the results from in 

vi ero assays could predice the effectiveness of inhibi tors in vivo, the 

inhibitors have been tested in artificial feec\ing trials and the genes for 
CpTCI and SBTI have been cloned and introduced into tobacco planes vi11 

Agroh~tcterium-mediated transformation. The results from artificial diet 
studies and preliminary results from bioassays en tr11nsgenic planes will be 

described. 

Although protease inhibitors have been shown to successfully enhance 

resistance to insects it is generally accepted that the introduction of 

combin~ttions of genes, which target different areas of the insect gut 
biochemistry, should afford a wider range of protection. To examine this 

strategy, various genes have been combined and introduced into tobacco and 

are currently being tested in bioassays. 

Instituto Juan March (Madrid)



85 

Genetic analysis of different plum pox potyvirus isolates 

M. T. Cervera , J. L. Rlechmann, M. T. Martln and J. A.Garcla 

Centro de Biologla Molecular (CSIC-UAM)- Centro Nacional de Biotecnologla (CNB). 
Universidad. Autónoma de Madrid. Cantoblanco. 28049 Madrid. (Spain) 

Plum pox virus (PPV) produces the perhaps most importan! disease of fruit traes of Prunus 

genus. This virus is a member of the potyvirus group, one of the most importan! group of plan! viruses 
both because of the larga number of members which belongs to it anC: the severa diseases which 
produce sorne of these members. Their genome consist of a unique molecule of single-stranded, 

positive-sense RNA of about 10Kb in length plus a 3' poly(A) tail,. having a unique ORF which is translated 

into a larga polyprotein of about 340 K which ls protealytically processed lo give the functional products 
(1 ). 

In order to unravel mechanisms of plant-virus interaction during the potyvirus infection, whose 
knowledge would allow lo approach difieren! strategies to obtain resistan! plants against pathogens, we 
are studying, at molecular level, mechanisms by which viruses induce disease symptoms in plants. So, we 
bagan the analysis of three PPV isolates: PPV-Rankovic, whose genome has been completely 
sequenced (2) and clonad as a full length cONA clone from which infectious transcripts can be 
synthesized (3), and PPV-o6 and PPV-PS that in their origin diflered in the host ranga (PPV-o6 infectad 
plum and apricot while PPV-PS infectad plum, peach and apricot). All these isolates show difieren! 
symptomatology when they are propagated in Nicotiana clevelandii. The sequence analysis of the 3' 
terminal region strongly suggests that PPV-PS constitutes a novel PPV strain difieren! from PPV-EI Amar 
and from that formad by PPV-Rankovic, PPV-0 and PPV-NAT, and that the 3' terminal region of PPV-o6 
derivad from a homologous recombination event between a virus similar to PPV-PS and another of the 
PPV-consensus type, this is the first evidence of homologous RNA recombination within the potyvirus 
group (4). In order to localiza determinants of pathogenicity In the plum pox virus genome, we are 
constructing severa! chimeric viruses by in vitro recombination using a full length cONA clone of PPV
Rankovic, from which infectious trascripts can be synthesized, and cONA of PPV-PS. lnfectious in vitro 
transcripts were obtalned from the chimeric cONA and although nona of the chimeric constructions causad 
the typical necrotic lesions of PPV-PS, they dillered in the type of symptoms and in the time of their 
appearance. 

1. Riechmann et al. (1992) J. Gen. Viro/. 73, 1-16 

2. Laln et al. (1989) Virus Res. 13, 157- 172 

3. Riechmann et al. (1990) Virology177, 710-716 

4. Cervera el al. J. Gen. Viral in press. 
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Fungal infection induces the expression of a proteinase inhibí tor 
in germinating maize e~ryos. 
M.J. Cordero, D. Raventós and B. San Segundo. 
Centro de Investigación y Desarrollo de Barcelona (CSIC).Dep. 
Genética Molecular. Jordi Girona 18, 08034 Barcelona. SPAIN 

Proteinase inhibitors ocour widely among plants, particularly 
in the families Leguminosae, Gramineae, and Solanaceae ( 1) . Sínce 
they have been found to inhíbit animal and microbial proteolytic 
enzymes they are considerad to be proteoti ve against insect 
pests, or fungal pathogens (1,2). The best characterized 
proteinase inhibitor genes are those coding for the two 
nonhomologous proteinase inhibitors (I and II) from patato and 
tomato plants. In patato plants, these inhibitors accumulate to 
very high levels in tubers. In addition, they accumulate in 
leaves by chewinq insects or severa mechanical damage (3,4). 
Here we report the isolation of a cDNA clon for a gene encoding 
a proteinase inhibitor, a chymotrypsin/subtilisin inhibitor from 
maize (Zea maya, pure inbred line W64A). The expression of this 
gene is induced after fungal infection of germinating ernbryos. 

A cONA library was prepared from two-day germinated maize 
embryos infectad with Fusarium moniliforme. The cONA library was 
subjected to diffential screening with 32P-cDNA probes prepared 
from poly (A)+ RNA obtained either from steril.e or frmn infectea 
germinating embryos (the later one, was previously substrated 
with a biotin-labeled cONA preparad from sterile germinating 
embryos). One clone was found to contain an open reading frame 
encoding a protein inhibitor homologous to the barley 
chymotrypsinjsubtilisin inhibitors (61% and 56% homology to the 
barley CI-2 and CI-1 inhibitors, respectively) (5,6). These 
inhibitors belong to the patato inhibitor I family. 

RNA blot analysis of sterile and F.moniliforme-infected 
germinating embryos (from day o to day 3) indicates that fungal 
infeotion induces the expresion of the maize proteinase inhibi tor 
gene. Moreover, infection with other fungi (Penicillium spp., 
Trichoderma ssp.) also results in an increase in the level of the 
maize proteinase inhibitor. mRNA. Although a body of evidence has 
accwnulated which supports . the concept that proteínas e inhibi tors · 
are involved in plant defensa against attacking pests, there are 
very few examples in which a rel.ationship between the production 
of a proteinase inhibitor and infection by a fungus has been 
demonstrated. In our plant-pathogen system, the induction of the 
maize proteinase inhibitor in response to fungal infection could 
represent a defensa mechanism complementary to the induction of 
other known defense-related genes. Related to this, we ha ve found 
that infection wi th F. moniliforme induces the expression of 
several Pathogenesis-Related proteins in germinating maize seeds 
(7 ,8). 

REFERENCES 
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A putative nutrient stress~induced cell wall protein 
from the mycoparasitic fungus Trichoderma harzianum 

José M. Loral,2, Antonio Hidalgo-Gallego2, Jesús de la Cruz3, 
Tahía Benítez2, Antonio LlobeU3 and José A. Pintor-Toral. 

1 Instituto de Recursos Naturales y Agrobiolog(a, CSIC, Apdo. 1052, 
Sevilla, Spain. Phone # 4624711 Ext. 23. Fax # 4624002. 

2 Departamento de Genética, Universidad de Sevilla, Apdo. 1095, Sevilla, 
Spain. 

3 Instituto de Bioqu!mica Vegetal y Fotosfntesis, CSIC and Universidad 
de Sevilla, Apdo. 1113, Sevilla, Spain. 

Summary 

A cDNA clone encoding a putative cell wall protein (Qid3) was 
isolated from a library prepared from chitin-induced mRNA in cultures 
of the mycoparasitic fungus Trichoderma harzianum. The predicted 14 
kDa protein shows a potential signa! peptide, several hydrophobic 
domains and certain motifs structurally similar to extensin·like and 
glycine-rich plant cell wall proteins. q id3 gene is induced by cbitín and 
nutrient-stress and, wben introduced in yeast, the cell division is 
arrested in cytok:inesis and cell separation. 
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THE POSSIBLE USE OF CYSTEINE PROTEASE INHIBITORS IN GENETIC ENGINEERING FOR 
RESIST ANCE TO 0/ABROT/CA SPECIES. 

H.S.Edmonds, A.M.R.Gatehouse, V.A.Hilder, J.A.Gatehouse, Dept. of Biological Sciences, 

Durham University, Durham, DH1 3LE, UK. 

Crude enzyme preparations from larval guts of Diabrotica undecimpunctata 

howardii, the Southern Corn Rootworm, have been shown to contain high levels of 

protease activity which is almost completely inhibited by the specific inhibitors of cysteine 

proteases, E64 and cystatin. Using gelatin copolymerised into polyacrylamide gel as 

substrate, a number of protease isoenzymes have been identified, all of which appeared to 

be inhibited by E64 and stimulated by cysteine. As cysteine proteases are not employed in 

mammalian digestive systems, these enzymes would be a highly suitable target for gene tic 

engineering aiming to confer to plants resistance against Diabrotica. 

Ttansgenic plants exptessing se1·ine ptotease inhibitots have altea.dy been 

ptoduced and shown to exhibit tesistance to insects with setine ptoteases as theil· 

majot digestive ptoteases. Thus the idea of successfully confening tesistance to 

insects whose main gut ptoteases ate of the cysteine-ty-pe, via the expression of 

cysteine protease inhibitors, seems quite plausible. 

Rice seeds are known to contain proteinaceous inhibitors of the cysteine 

proteases. One, oryzacystatin-1, which is highly effective against papain activity and 

has significant sequence homology to animal cystatins, was pattially purified Íl"om 

tice seed and the effects of this preparation on lalYal enzymes in vitro and on larval 

development in vivo was investigated. With il1 vitl"o assays using a synthetic 

substtate, larval gut cysteine proteases were almost completelyinhibited (94%) , while 

the same amount of the oryzacystatin preparation only inhibited an equivalent level 

of papain activity by apptoximately 60%. This indicates that oryzacystatin is mote 

effective against the larval gut cysteine proteases than against papain. For in vivo 

assays the oryzacystatin prepatation was incol"pol"ated into an artificial diet atl% dry 

weight. Larval development on this diet was monitored accotding to 'veight gain and 

survival. After 9 days on the diet both of these patameters had decreased by 

apptoximatel)' 20% when compated to controls. 

As the oryzacystatin-1 content of rice seeds is rather low it is extremely difficult to 

accumulate enough protein for use in bioassay. To provide enough purified oryzacystatin 

for extensive bioassays, a full length oryzacystatin encoding sequence ha s been 

introduced into Escherichia coli anda functional inhibitor expressed. 
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G.ENEI'IC ENG:rNEERIISIG OF BACI'ERIAL 
DISEASE RESISTANCE IN PLANI'S 

D1on Florack and WLllem Se1ekema, CPRO·DLO, P.O.Box 16, NL 6700 AA 
Wasen1nsen, tl1e Ner:I¡erl~tndll, telelax: +31 8370 18094 

~e are studying . the pouibilities to genetically engineer bacterial di& ea& e reaiatance in planta. uaing · two antibacterial proteina, the · bar ley 
endospet·m hordothionlns .and th&: ¡iant silkmoth cecropinB. Ruearch 1s focusaed 
on expression, proper proceaaing and folding, and correct targeting. 

The hordoth1on1ns are amatl (Mr .., 5000) protef.na that are processed from a larger precur&or pro te in consisting of a signalpeptide, the mature 
hordoth1on1n and an aoldic polypeptide. Constructs have been made that code for one or more of· theae dhtS.nct domain11 and havo be en expreued in tobacco. 
Expresa ion l&vela up to O. 7X of total soluble protain in young tobacco le aves 
oould be obta1ned using a full-length gene. W1thout the ac1d1c polypapt1de coüiug region, expres.i1on was at least tenfolü lower. rt1e recumbinanthordothionins were properly proceaaed from the precursor proteina, but could 
not be identified in the 1ntarcellular apaces. 

A full-length gene waa also expresaed in tomato and transgenic planta 
with hlgh expression levola wero made homo~ygoua íor the tranagene. Spraying 
with a bactorial auapenslon of Xant:llOUIOnllS campestrLs pv. ves1cator1a 1nd1cat.:ad wowe re11111tance in tbewe plant.:w, but.: buctet·1al growth was not 
inhibitsd !n v.Lvo, as utimated by 1nf1ltrat1on of leaves, relaolaclon and 
plut:ing. These planta were also not resistant; to lnCect;f.ou wlt..h Cldvlbacr:er 
ro1chL~~1ensls subsp. m!chlf&nens1s. 

Cecropln&, another amall proteln (Mr • 3800), ls aleo processed in the lnaect from a precursor prot:ein. Gene const¡:-ucta were made that code for the mature cecropln&, a plant algnalpeptide and the cecropin&, and the full•length (cDNA·derlved) gene. Thaae were expreaaed ln tobacco. At the RNA level, cecropinB-speclfic tranacript levels were 1ncreased in planta containing the conllt.:t·uct.: w11J1 t.he plant.. s1gnalpep1:.1ue, whlch Wl&w 1uade chtuulcally with a codon 
usage adaptad to Solanaceae. The oecroplnB prote1n could not be detectad. The 
offspring of tranagenic tobacco plant• wlth high cecroplnB·mRNA levels were evaluated for reaiatance to Pseudomonas sol~tnacearum and aome plante 1urvived 
inoculation with as much •• 5 ml of a 107 CFU(ml bacterlal auapens1on per plant. Nona oC che control planta survlvert thia creacment. Survlving planta 
are being mult1pl1ed for renewed screenin&. 

Future re11e11rch la focuased on I:.Krgetiug the hordochionins to the intercellular apacea·, 1noreae1ng ths levei• of csoroplnll expresalon and stab1l1z1ng the prote1n by . maklng a fusion proteln with t:he hordothlonlna. 
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THE HAMMERHEAD RIBOZYMES OF PEACH LATENT MOSAIC VIROID ANO OF A VIROIDLIKE RNA 
FROM CARNATION: VARIATIONS ON A THEME. 

Carmen Bernández, José A. Daros and Ricardo Flores . 

Unidad de Biología Molecular y Celular de Plantas. lATA (CSIC) . Calle Jaime 
Roig 11, 46010 Valencia, Spain. 

Cis-acting ribozymes conforming to the hammerhead structure model have 
been recently identified in peach latent mosaic viroid (PLMVd) (1) and in 
carnation stunt associated viroidlike RNA (CarSAV) (2). These two small RNAs 
can adopt hammerhead structures in the strands of both polarities, devoting 
approximately one-third of their genome to the formation of the self-cleaving 
domains, which in CarSAV are partially overlapping. Plus and minus partial
and full-length RNA transcripts of PLMVd containing the hammerhead structures 
self-cleaved during transcription and· after purification as predicted by ·these 
structures; these data - are . consistent with the high stability of the PLMVd 
hammerhead structures and indicate that the corresponding reactions most 
probably occur through an intramolecular mechanism. A similar situation was 
observed with minus full- and partial-length transcripts of CarSAV including 
the hamrnerhead structure, whose autolytic processing should aleo proceed 
intramolecularly. In the case of plus CarSAV transcripts only a dimeric RNA, 
but not a monomeric one, self-cleaved efficiently during transcription and 
after purification, suggesting the implication o f a double-hammerhead 
structure theoretically more atable than the corresponding single cleavage 
domain. However, monomeric plus CarSAV RNA self-cleaved after purification by 
the predicted site in a concentration-independent reaction of slow rate. 

'rhe variations observed in PLMVd, CarSAV and other hammerhead structures 
probably reflect different adaptations to regulate the action of these cis
acting ribozymes. They should be active at sorne stages of the rolling circle
type replication proposed for these infectious RNAs (mediating the autolytic 
processing of their multimeric transcripts) and inactive when the synthesis 
of the final monomeric circular RNA has been completed (preventing its self
cleavage). 

(l) Hernández, C. and Flores, R. (1992). PNAS USA 89, 3711-3715. 
(2) Hernández, c., Daros, J.A., Elena, S.F., Moya, A. and Flores, R. (1992). 

Nucleic Acids Res . Submitted. 
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Genetic variation of viral, and satellite, RNAs. 

Fernando Garcia-Arenal, Miguel A. Aranda, Aurora Fraile. 
Dept. Patologia Vegetal. E.T.S.Ingenieros Agrónomos. Ciudad 
Universitaria. 28040-Madrid, Spain. 

Plants resitant to viral diseases have been obtained 
by introducing into the plant's genome sequences from: (1) the 
virus coat protein gene, (2) the virus replicase gene, (3) 
attenuative satellite RNAs associated to the virus. These three 
types of engineered 11 resistance genes 11 result in differently 
expressed resistances, that are always specific for the virus 
from which the sequences come, or for closely related viruses. 
Thus, the efficiency of engineered resistant plants may be 
affected by the genetic variation of viruses, through mutation, 
pseudorecombination or true recombination. In addition, natural 
evolution of attenuative satellite RNAs, or new combinations 
satellite RNA/helper virusfhost plant, may be at the origin of 
possible hazards associated with strategy (3). 

Cucumber mosaic virus (CMV) is a virus for which all 
three strategies for engineered resistance have been proposed. 
We have studied the evolution of field populations of CMV and its 
satellite RNA. Fast evolution of CMV-satRNA in field populations 
occurs by sequential accumulation .of mutations. Genetic change 
results in the appearance of new phenotypes, that may render 
inefficient, and unwise, to seek engineered resistance by 
strategy (3). Mutations in CMV genomic RNAs do not accumulate at 
high rates, as for CMV-satRNA. On the other hand, variation 
through reassortment of the genomic RNAs of different strains is 
frequent, and true recombination may also occur. Reassortment in 
the field has only been shownbetween closely related strains, 
so that it would not affect the efficiency of strategies (1) and 
(2). Nevertheless, the interchange of genetic material between 
distantly related strains cannot be ruled out, and a wider field 
prospection is underway to detect its occurrence and quantify its 
frequency. 
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Detection Q[ !b§. p¡otein encoded Qy transposable elemenl AQ il1 situ 
Manfred Helnle1n 

lnstitut fOr Genetlk, Unlversitat zu Kóln, Weyertal 121, 0·6000 KO!n 41, FRG 

The proteln encoded by transposeble element A!;¡_, wh!ch !s a llkely candidata 
to be the transposase (TPase) of the ~~~ transposable element system of 
malze, has been labeled in situ by immunonuorescence using five dlfferent 
antlsera recognlzing at least three non·overlapplng epltopes of the .f&·protein. 
As suggested·by the results·of earller experiments in whlch the protein has been 
stalned in the nuclel or transformad lnsect cells the proteln is localized ·in the 
nuclei of the malze enciosperm. Surprisingly, the protein appears not to be evenly 
dlstributed in the nuclel. Jnstead, Jerge rod ·llke structures are observad, which 
are approximately 2 J.,Jm in Jength. These structures are sean only in endosperms 
containlng active Art.-elements. The amount of the complexas ls positively 
correlated with AQ.-dose and differs between malze lines which carry Ag_ in 
different genomlc posltlons. 
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Plant defence reactions expression and induction in 
sunflower cell suspenslons 

J. Jorrrn, M.C. Gutlérrez Mellado, J.M. Cachlnero, L. Baadsgaard-Soerensen, R. 
Pérez Lorente and M. Tena 
Departamento de Bioqulmlca y Blologra Molecular. E.T.S. de Ingenieros Agrónomos 
y Montes. Apdo 3048, 14080 Córdoba 

Plant cell suspensfon·cultures have próven to be a very useful experimental 
system to study plant defence reactions at both blochemistry and molecular 
biology leve! and to obtain new crop varleties with enhanced resistance to 
mlcrobial pathogens and insects through genetic engineering and somaclonal 
variatlon technlques. By understandlng whlch genes are activated in response to 
mlcroblal or insect attack and which molecular processes promote plants'natural 
defences we can stablish strategies of gene expresslon alteration or manipulation 
for increased reslstance against specific pathogens. 

In our laboratory we are currently studying plant defence mechanisms using 
the sunflower (He/lsnthus annuus L.)-Piasmopara hslstedii (causlng agent of the 
downy mlldew) interactlon as model experimental system. At whole plant level we 
have observad that the reslstance character is due more than to the ability of 
defence mechanlsms expression (whlch is aiso observad in susceptible cultivars) 
to its induction at eariy stages of the lnfectlon process and at the proper place and 
amount to be efficlent for fungal growth inhlbition (it seems to happen In the 
reslstant cultivars) . lt would be very important to stablish which one are the 
molecular bases of the early lnduction In an attempt to stabiish strategies of plant 
resistance lmprovement. 

The characterizatlon of the plant defence mechanisr:ns expression and 
inductlon is now belng carried out In our laboratory using sunflower cell 
suspenslons. In the present communlcatlon we describe preliminary results on the 
leve! of expresslon of defence reactions at different stages of the cell growth an 
lts induction by a ellcitor preparation coming from yeast extract. The reactions we 
are focused lnclude: production of the sunflower cumarlnic phytoalexins scopoletin 
and ayapln, inductlon of enzymes lmplicated in the biosynthesls of specific phenolic 
compounds (phenylpropanolds and lignins) and cell-wall hydrolitic enzymes ({J-1 ,3· 
glucanase and chltinase). Not differences In the leve! of expresslon of the above 
biochemical parameters have been found at different times of the sunflower cell 
growth curve, by the contrary, yeast extract orlginated a marked increase in 
phytoalexin, phenolic and hydrolitlc enzyme activity ievels, although the pattern of 
inductlon was different for each one, 

(CICYT AGR90-0086) 
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ENGINEERED RESISTANCE AGAINST POTYVIRUSES USING TRUNCATED TOBACCO ETCH 
POTYVIRUS COAT PROTEIN MOIETIES 
Carlos A. Malpica, David M. Stark, Claude M. Fauquet and Roger Beachy 

International Laboratory for Tropical Agricultura! Biotechnology (IL T AB) 
The Scripps Research Institute. MRC 7. 10666 N. Torrey Pines Road. La Jolla CA 92037 U.S.A. 

Coat protein mediated resistance (CPMR) has proved to be successful against severa! families of plant 
viruses (Beachy et al. 1990). In the case of the Potyviridae family, so-called heterologous resistance is 
observed when we inoculate a transgenic line expressing the coat protein of a potyvirus different to the 
challenging virus (Stark and Beachy, 1989). The possibility that a domain of the potyviral coat protein, most 
likely a highly conserved domain, could account for the broad range of CPMR lead our group to design a set 
of truncated TEV-CP moieties corresponding toa N-terminal deletion of 28, 63 or 112 amino acids. The 
amino acid sequence of each moiety increases the percentage of homology with a phylogenically conserved 
sequence among potyviruses. For control purposes, tobacco Xanthi plants were engineered to express an 
RNA slightly longer to that of the coat protein coding sequence (it includes, for cloning convenience reasons, 
part of the N lb gene sequence) in sense and antisense orientation. 

R2 populations were challenged by mechanical inoculation with severa! concentrations of TEV. 
Resistance is scored according to severa! criteria, among which the delay in the appartion of symptoms, the 
maximum percentage of infected plants and symptom severity. Out of nine transgenic lines expressing the 
longest TEV-CP moiety, one line was scored resistan!. Out of nine transgenic lines expressing the medium
size TEV-CP moiety, two lines were scored resistan!. Out of ten lines expressing the shortest TEV-CP 
moiety, two lines were scored resistant. A clear attenuation of symptoms· was observed at all levels of 
inoculum. The Jargest delay in the apparition of symptoms is observed with the medium size TEV-CP 
expressing plant. This is the first report of CPMR obtained by expressing a truncated potyviral coat protein. 

The same experiments were carried out with two different concentrations of PVY. A clear attenuation 
of symptoms was observed with the transgenic lines expressing the two shortest moieties of the TEV-CP at 
alllevels of inoculum, but no significan! deJa y in the apparition of symptoms was observed. 

No resistance was observed against TEV or PVY when inoculated onto transgenic lines expressing the 
TEV-CP RNA antisense construct. The symptomatology is however different from that of normal virus 
infection. A short delay in the apparition of symptoms was observed with transgenic lines expressing the 
TEV-CP RNA sense construct at low levels of homologous inoculum. The same lines are not resistan! 
against an heterologous inoculum. 

Possible mechanisms of genetically engineered resistance against potyviruses will be discussed. 

References 

Beachy R.N., Loesch-Fries S. and Tumer N.E. (1990) Coat protein-mediated resistance against virus 
infection. Annu. Rev. Phytopathol. 28, 451-474. 
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STUDIES ON KIWIFRUIT TRANSFORMATION USING 

AGROBACTERIUM -MEDIATED AND DIRECT DNA TRANSrER TECHNIQUES 

M Margarida OLIVEIRA, Madalena MARTINS and M. Salomé PAIS 

DEP. BIOLOGIA VEGITAL, FAC. C~NCIAS LISBOA, BLOCO C2, CAMPO GRANDE, 1700 LISBOA POR11JGAL 

The superior qualities shown by the female Hayward cultivar of kiwifruit (Actinidia deliciosa var. deliciosa) 
Jed 10 the worldwide selection of this cultivar for kiwifruit production. Most of kiwifruit orchards are still young and 
no! very much affected by pests or diseases. However there are severa! reports of infections and infestations with 
acari, insec!S, nema!Odes, fungi and bacteria Considering that the world production of kiwifruit is primarily based on 
one clone of genetically unifonn plan!S the production becomes very sensitive 10 pathogens that may spread conta
minating different agricultura! areas. Sorne biological approaches have been suggested 10 control sorne kiwifruil 
plagues and infections. However in most cases the choice is still the wide application of poisoning chemicals. The 
progress observed in the las! years at the·level of the molecular biology, IOgether with the development·of efficient 
methods for introduction of foreign DNA in the plan! cell may offer real alt.emativcs for the control of kiwifruit 
pathogens. The efficienl use of genetic transfonnation for crop improvement is primarily based on the developmem 
of good biological syst.ems 10 allow the application of transfonnalion protocols. In this perspective we developed 
methods for kiwifruil (cv. Hayward) propagalion using apical and axillary buds, different explanttypes (roo!, stem 
and leaf) and protoplast cultures. 

Kiwifruit transfonnation was tested using agroinfection and direct DNA transfer. For agroin

fection we used a viru1ent agropine strain of Agrobacteriwn rhizogenes (AGL1) carrying a plasmid 

with GUS and NPT II chimeric genes and a disarmed octopine strain of A. tumefaciens (LBA 

4404), carrying a plasmid with a NPT 11 chimeric gene anda GUS chimeric gene containing a 

p1ant intron. Leaves of rnicropropagated plantlets were infected with A. rhizogenes. Five to six 

roots developed per 1eaf, on hormone-free medium, when kanamycin (30 Jlg.rn!·l) was added 3 

weeks after infection. These roots were induced to develop shoots in a medium containing 15 

)lg.ml·l of kanamycin. Under these conditions sorne green shoots were recovered. For infection 

with A. twnefaciens the exp1ants were pre-cultured for 1 or 2 days. From these explants green 

shoot buds could be regenerated when kanarnycin (25-75 )lg.ml·l) was added 15-45 days after 

infection. Sorne green shoots recovered frorn these buds, showed different 1evels of resistance to 

100 Jlg.rnl·l of kanamycin. However no sustained rnultiplication was observed under this kana

rnycin concentration. Protoplast transfection was accomplished using PEG 4000 (20%) or 

electroporation (4 pulses with a duration of 40 )lS anda fie1d strength of 200 V.cm·l). For stable 

transfonnation we used plasrnids carrying the NPT II chimeric gene. Sorne regenerated colonies 

showed NPT II activity befare kanamycin selection was applied. A mean value of 31 green shoots 

was regenerated per 106 e1ectroporated protoplasts after 8 months of se1ection on media 

supplemented with kanamycin (15-25 Jlg.m1·1). This value increased to 66 when 5 months of 

selection were followed by 3 months on kanarnycin-free mediurn. For l()Ó PEG-treated protop1asts 

a selection period of 8 months yie1ded 31 green shoots, while 5 rnonths of se1ection followed by 3 

rnonths without selection yie1ded 86 green shoots. In control p1ates an average of 1360 shoots was 

obtained per 1Q6 protop1asts. The green shoots regenerated after the different transfonnation 

procedures ha ve not yet been subrnitted to molecular analysis to verify the integration of the DNA 

fragment. 
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GSK!:'l'IC 'l'RANSFORMA'J.'lON OP' Pinus nigra ANO Pinus radiata! AN AL'l'ERNA'J.'IVE METHOD 
~ OB'l'AIN FORES'J.' PLANTS PRO'l'ECTED FROM INSEC'l' A'l"l'ACK. 
R,J, O~dAsl, N.A. L6pea1, R. Aatorga2, J,A, Manaaneral, M.A Bueno2, J,A Pardoa3 
& 1\, Rodri9u•• 1, 
1- Laboratorio de Fisiologia vegetal; tacultad de Biología; Universidad de 
Oviedo; 33005 Oviedo¡ Spain. 2- INIA (Madrid). 3- ETSIM (Madrid). 

In southern Europa Pinus nigra, P. pinaster, P. sylvestria end P. 

radiata are the moat valuable pines in reafforestation programmes. P.nigra 

is affacted by acid rain and inaect attack, being naceseary ita continuous 
reafforestation. Radiata pina is not native, but it is a rapid growing 

apecies; ita di!fusion is limited due to insect attack, which causes 

defoliation, death o! incHviduala and changes in the quality and chemical 

oomposition of the wood, beinc¡ the larva of the c¡enus Thaumetopoea· the most 
aggresaive in mediterranean !orests.Th~ obtention of transc¡enLc pina plante 

expressing the 6-endotoxin of B, thuringiensia and the masa clonal propagation 

of these plante will allow to carry out reafforeatation programmes with 
resislant trees. This imply the reduction of cosLs and ecological problema, 

by eliminatinc¡ pesticida treatmente in the field. 

We coneider the possibility to use Agrobacterlum tumefaciens-mediatad 

T-ONA tranefer to exptese chimeric genes in P.!nua nigra Arn. and Pinus radiata 

o. Don. planta. This technology, along with tissue culture for tranagenic 

plant reoovery, clonal eelection and propac¡ation will allow to obtain elite 

trees with resistanca to insact attack, which is responsible, to a larga 

extent, for conifer forest decline in southern Europa. Obtantion of an 

efficient and reproducible plant regeneration syetem for P. nigra and P. 

radiata tisaue cultures 1s an esaential prerequisite for the obtention of 

transgenio planta through Agrobacterium-mediated traneformation protocole, Our 

objectives can be summarized as follows• 

- l!:stabliehment of an effLcient plant regeneration system with tieaue 
culturea of both pine spaciee. 

obténtion of tranegenic planta through Agrobacterium-mediated 
transformation of Pinus nigra and P. radiata tissue cultures. 

- Aaseaament oí oth~r technlquee for traneformation of pine plante. 

The use of tradilional and recent methoda for plant genetic manlpulation wlll 

contribute to crop improvement in Pinus speclee. 
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RESISTANCE TO BROAD BEAN MOTTLE VIRUS USING 
DEFECTIVE INTERFERING RNAs 

J. Romero 1,2 Q. Huang 2, J. Pogany 2, J. J. Bujarski 2 

1 Departamento de Protección Vegetal, CIT-INIA, Apartado 8.111 
Madrid, Spain. 

2 Plant Molecular Biology Center, Northern Illinois University, 
DeKalb, IL 60115. USA. 

Defective interfering RNAs (DI-RNAs) have been reported associated to sorne 

Afiican strains of broad bean mottle virus (BBMV) (Romero et al., 1992). In addition to 

three genomic and one subgenomic RNA components, BBMV encapsidate DI-RNAs that 

are formed by in frame deletions in the RNA 2 open reading frame. A comparison of the 

intensities of full-length RNA-2 bands from DI-containing and DI- deficient virion RNA 

preparations revealed that the 01-RNAs decreased the leve! of RNA-2 components in both 

total and encapsidated. De novo generation of DI-RNAs has been observed after 

subsequent serial passages of BBMV strains through broad bean plants. Sorne of the 

de novo DI-RNAs were similar to originally observed Dls whereas the other differed 

considerably in size. 

As a novel approach for the control of plant viral infections using BBMV as a 

model system, the only bromovirus that has 01-RNAs and can infect Nicotiana plants, 

our expe1iments are designed to confer resistance in transgenic plants to viral infections 

by expressing DI-RNAs. The DI-RNAs sequences will be introduced into the genome 

of Nicotiana clevelandii and N. benthamiana, by an Agrobacterium-mediated 

transformation system and tested for viral resistance. 

References 
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IDENTIFICATION AND PARTIAL CHARACTERIZA'fiON OF A 
SOLUBLE SALCYLIC ACID-BINDING PROTliiN FROM 
CUCUMBER 
Paloma Sánchez-Casas, Zhixiang Chen and Daniel F. Klessig 
Waksman Inatitute, Rutgers. The State Univeraity of New Jersey. 
Piscataway, NJ 08855-0759, USA. 

Previously we identified a soluble salicylic acid {SA) binding 
protein (SABP) in tobacco leaves whoae properties suggest that it 
may play a role in transmitting the SA signal during plant defense 
responses (Z. Chen and D.F. Klessig, 1991. PNAS, 88: 8l79-8183). A 
screen of different plant species indicates that many contain a 
similar binding activity. High levels were detected in cucumber. Since 
several studies (J .P. Métraux et al. 1990. Science, 250: 1004-1006; 
J.B. Rasmussen et al., 1991. Plant Physiol, 97: 1342J-1347) have 
shown that dramatic increases in endogenous SA leve!s correlates 
with the development of systemic adqulred resistance (SAR) in 
cucumber, its SA-binding activity was cbaracterized. Tbe cucumber 
SA-binding activity exhibits several similarltics with the tobacco 
SABP. It is soluble and precipitates in the 0-45% amopium sulfate 
cut. The activity is SDS-sensitive and pH dependent with an optimum 
pH range between pH 5.5 and 6.5, like that of tobacct>. Scatchard 
analysis reveals the same level of SABP in cucumber as in tobacco (5 
pmole per mg of total soluble protein) but a lower affinity for SA 
with Kd of 30 ~M compared to the tobacco's 14 ¡.tM. Ttie cucumber 
SABP, like the tobacco SABP, exhibits very string-,nt binding 
specificity; only those analogues of SA which are biologically active 
for induction of disease resistance or defense-related (eg. PR) genes, 
are bound by SABP. In contras t. its apparent native molClcular weight 
as determined by gel filtration is markedly different. Tb.e SABP of 
cucumber is -55 kDa compared to the .. ¡so kDa tob~cco SABP. 
Purification of . both proteins is in progress to eventual1y determine 
whether or not they have similar functions. Perhaps one acts as a 
receptor while the other is involved in SA metabdlism or in 
mediating other physiological effects of SA. 
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ISOFORHS OF THE SO-CALLED NON-SPECIFIC LIPID TRANSFER PROTEINS ARE 
PRESENT IN SPINACH AND ARABIDOPSIS AERIAL PARTS AND ARE ACTIVE 
AGAINST FUNGAL AND BACTERIAL PLANT PATHOGENS. 

ANA SEGURA AND MANUEL MORENO 

ETS Ingenieros Agrónomos - UPM 
E-28040 Madrid, Spain. 

Non-specific lipid transfer proteins (LTPs) from plants were so 
designated because it was initially thought that they were involved 
in cytoplasmic lipid shuttling between organelles, but more recent 
findings, which show that they are synthesised as precursors with 
signa! peptides and that they are secreted, seem to contradict the 
above possibility. On the other hand, it has been recently found in 
this laboratory that LTPs isolated from barley leaves were potent 
inhibitors of bacteria! and fungal plant pathogens. It was 
therefore of interest to investigate whether this antimicrobial 
activity was a general property of the protein family or was just 
restricted to the barley LTPs. 

Two homogeneous proteins were isolated from a crude cell wall 
preparation from mature spinach leaves by extraction of the 
insoluble pellet from a Tris-HCl (pH 7.5) homogenate with 1.5 M 
LiCl and fractionation by reverse-phase high-performance liquid 
chromatography. N-terminal amino acid sequences of the two proteins 
al~owed their identification as LTPs and one of them corresponded 
to that previously isolated from the soluble fration. The two 
proteins were active against the pathogens tested at micromolar 
concentrations. The bacteria! pathogens Clavibacter michiganensis 
subsp. sepedonicus and Pseudomonas solanacearum and the fungus 
Fusarium solani were the pathogens used in this study. 

Two homogeneous LTPs from Arabidopsis were similarly obtained 
and also found to be active against the same pathogens at 
micromolar concentrations. One of the proteins seemed to correspond 
to that encoded by a previously reported cDNA, while the second one 
was quite divergent. 
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TOBACCO PLANTS TRANSFORMED WITB THE 54k.Da REGION OF THE· PMMV 
REPLICASE GENE ARE RESISTANT TO VIRUS INFECTION. 

F. Tenllado, I. Garcia-Luque, M.T. Serra and J.R. Diaz-Ruiz. 
UEI Fitopatologia, Centro de Investigaciones Biológicas, CSIC. 

Velázquez, 144. 28006-Madrid. 

Pepper mild mottle virus (PMMV), a member of the tobamovirus 
group, is one of the most destructive viruses of pepper crops 
grown under plastic in the Southeast region of Spain (1). Several 
PMMV isolates have been described infecting pepper cultivars with 
incorporated resistance genes to Tobacco mosaic virus (TMV) and 
Tomato mosaic virus .•;(.ToMV) and . they have been differentiated by 
breeders as pathotypes P 1 , P l and P 12 , based upon their 
ability to overcome the res~s\.ance conferred by an allelic 
series of Capsicum spp. genes known as L1, L2 and L3, 
respectively (2). The complete genome sequence of PMMV-S, a 
Spanish isolate identified as a P12 pathotype, has been recently 
determinad in our laboratory (3). Since there are no comercial 
pepper cultivars with resistance genes readily available, we are 
analyzing a genetically engineered resistance based on the 
replicase-mediated strategy (4). 

A cONA fragment from 3411 to 5016 nt of the PMMV-S sequence 
was introduced into the disarmed binary vector pGSJ780A and used 
to transform Nicotiana benthamiana plants. This sequence covers 
PMMV-s 54 koa gene, which encodes a putative component of the 
viral replicase complex. 

The presence of the quimeric gene in trasgenic plants was 
determinad by a polimerase chain reaction (PCR) assay of total 
plant DNA extract using primers flanking the viral sequence 
insert. Transformed plants were challenged with either PMMV-8, 
PMMV-I, an rtalian isolate identified as a P~ 2 pathotype, or 
TMV. Preliminary results shows an absolute res1s~ance to PMMV-S 
and PMMV-I infection in sorne of the trasgenic plants while the 
others presented only a partial resistance. No resistance was 
obtained against TMV. 

References: 

1. Alonso et al. (1989) J. Phyt. 125: 67-76 
2. Boukema ·et al. (1980) Synopses 4th Meeting Eucarpia Capsicum 

Working Group. Wagenigen pp. 44-48. 
3. Alonso et al.(1991) J. Gen,Virol. 72, 2875-2884. 
4. Golemboski et al. (1990) Proa, Natl. Acad. Sci. USA 87, 6311-

6315. 
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CONCEPTS OF NATURAL RESISTANCE ANO RESISTANCE PHENOMENA 

General classification of reslstance phenomena 

Non-host resistance (immunity or incompatible reaction exhibited by sets of species, genera, 
families of plants) 

Cultivar resistance (genotypic immunity or genotypically-controlled incompatible reaction 
exhibited by plan! lines) 

lnduced resistance 
Cross protection (prior or simultaneous systemic infection by protecting virus) 

Acquired resistance (prior and usually localized infection by protecting pathogen) 

Local 
Systemic (SAR) 

Concurren! protection (protecting and chaUenging pathogen probably must reach the 
same cells) 

Gene-for-gene hypothesls 

Very well established concept; does new information justify revision of the concept at this time? 

Application of concept in resistance against viruses 

Signaling In pathogen-plant lnteractlons 

Within cell 

Cell-to-cell 

Systemic ·(long distance) 

Common and potentially common features of reslstance agalnst disparate pathogens 

Common signals ( e.g., avirulence gene product) 

Common transduction pathways 

Common responses (e.g., hypersensitivity) 

Common lines of research? 
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ANALYSES OF NATURAL RESISTANCE ANO RESISTANCE PHENOMENA 

Documentlng and lsolatlng plant genes lnvolved In a susceptlblllty and reslstance phenomenon 

What genes are involved? 
Genes necessary and sufficient for resistance 
Back-up genes activated after loss of resistance gene function 

Genes of known resistance capability and function 
Hydrolases 
Subcellular targetting of hydrolases 
Requirement of two or more hydrolases to acheive protection 

Genes of known resistance or anti-pathogen capability and unknown function 

SAR8.2 
Antibiotic peptides 
Elucidation of function by antisense and ribozymes against resistance genes and 

putative resistance genes 
New, more efficient methods for identifying genes and pathways in resistance 

phenomena 

Contributions of plant genes to disease susceptibility 
Plant hydrolase action and increased susceptibility 

Strategies for isolating resistance genes 

Map-based cloning procedures 
Cloning from functional gene product 

Non-resistance functions of resistance genes 

Documentlng and lsolatlng pathogen genes lnvolved In a susceptlbllity and reslstance phenomenon 

Avr genes as pathogenicity genes 

Other functions of pathogen genes for avirulence and pathogenicity 

ENGINEERED GENES FOR RESISTANCE 

Based on applicatlon of natural reslstance genes 

Non-host resistance as source 

Genotypic resistance as source 

Based on natural antl-microbial agents 

Satellite and DI RNAs 
Bacillus thuringiensis insecticidal crystal protein 
Proteinase and amylase inhibitors against insects 
Chitinase as antifungal agent 
lnsecticidal receptor-binding lectins 

Instituto Juan March (Madrid)



105 

Based on applicatlon of pathogen genes 

Virus coat protein 
Virus replicase genes and gene fragments 

Virus mutant movement protein 
Bacteria! ornithyl transcarbamylase 

Based on synthetic resistance (non-reslstance genes applled to reslstance; synthetlc nucleotlde and 

amlno acid sequences) 

Inhibitors of virus enzymes 

Hydrolytic enzymes (Barnase) for synthetic HR 

Ribosome inhibitors 

Expression systems and expresslon 

Wound-inducible promoters and other specialized promoters 

Lack of correlation between expression leve( and efficacy of construction; mechanism? 

Optimizing expression 
Transcription and processing 
Translation 
Stability of mRNA and protein 

POTENTIAL PROBLEMS IN AND/OR TECHNICAL BARRIERS TO RAPID INTRODUCTION OF 

ENGINEERED RESISTANCE 

Peñonnance or englneered reslstance genes under lield condltlons 

Field levels of disease pressure and their relationship to laboratory standards for resistance test 

protocols, inoculum level, etc. 

Resistance gene performance 
For reliable resistance in the short term 
For durable resistance (e.g., use of multiple Bt ICPs or multiple resistance genes with 

distinct modes of action) 

Maintenance of resistance gene function in progeny 

Silencing of resistance gene expression 

Consequences or resistance gene expression and overexpression on plant agronomic properties 
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F. Wíllíams. 

266 Workshop on lnnovations on Protea
ses and their lnhibitors: Fundamental 
and Applied Aspects. 
Organized by F. X. Avilés. Lectures by T. 
L. Blundell , W. Bode, P. Carbonero, R. 
W.Carrell, C. S. Craík, T. E. Creíghton , E. 
W. Davie, L. D. Fricker, H. Fritz, R. Huber, 
J. Kenny, H. Neurath, A. Puígserver, C. 
A. Ryan, J. J. Sánchez-Serrano, S. Shal
tiel , R. L. Stevens, K. Suzukí , V. Turk, J. 
Vendrell and K. Wüthrich. 

267 Workshop on Role of Glycosyi-Phos
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Lamer. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Felíu, G. N. Gaulton, H. U. Hii.ring, C. 
Jacquemin, J. Lamer, M. G. Low, M. Mar
tín Lomas, J. M. Mato, E. Rodríguez
Boulan, G. Romero, G. Rougon, A. R. 
Saltiel, P. Stralfors and l. Varela-Níeto. 

268 Workshop on Salt Tolerance in Mi
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor-
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Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Uiuchli, U. Lüttge, E. Padan, M. Pages, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move
ment in Vertebrates. 

Texts published by the 

Organized by R. Baker and J. M. Delgado
García. Lectures by C. Acuña, R. Baker, 
A. H. Bass, A. Berthoz, A. L. Bianchi, J. 
R. Bloedel , W. Buño, R. E. Burke, R. Ca
miniti, G. Cheron, J. M. Delgado-García, 
E. E. Fetz, R. Gallego, S. Grillner, D. Guit
ton, S. M. Highstein, F. Mora, F. J. Rubia 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTERNA TIONA L MEETINGS ON BIO LOGY 

Workshop on What do Nociceptors Tell 
the Brain? 
Organized by C. Belmonte and F. Cerveró. 
Lectures by C. Belmonte, G. J. Bennet, J. 
N. Campbell, F. Cerveró, A. W. Duggan, J. 
Gallar, H. O. Handwerker, M. Koltzenburg, 
R. H. LaMotte, R. A. Meyer, J. Ochoa, E. 
R. Perl , H. P. Rang, P. W. Reeh , H. G. 
Schaible, R. F. Schmidt, J. Szolcsányi, E. 
Torebjork and W. D. Willis Jr. 

2 Workshop on DNA Structure and Protein 
Recognition. 
Organized by A. Klug and J. A. Subirana. 
Lectures by F. Azorín, D. M. Crothers, R. 
E. Dickerson, M. D. Frank-Kamenetskii , C. 
W. Hilbers, R. Kaptein , D. Moras, D. Rho
des, W. Saenger, M. Salas, P. B. Sigler, L. 
Kohlstaedt, J. A. Subirana, D. Suck, A. Tra
vers and J. C. Wang. 

3 Lecture Course on Palaeobiology: Pre
paring for the Twenty-First Century. 
Organized by F. Alvarez and S. Conway 
Morris. Lectures by F. Alvarez, S. Conway 
Morris, B. Runnegar, A. Seilacher and R. 
A. Spicer. 

4 Workshop on The Past and the Future 
of Zea Mays. 
Organized by B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. Lectures by P. 
Arruda, J. L. Bennetzen, S. P. Briggs, B. 
Burr, J. Doebley, H. K. Dooner, M. Fromm, 
G. Gavazzi , C. Gigot, S. Hake, L. Herrera
Estrella, D. A. Hoisington, J. Kermicle, M. 
Motto, T. Nelson, G. Neuhaus, P. Puigdo
ménech, H. Saedler, V. Szabo andA. Viotti. 

5 Workshop on Structure of the Major His
tocompatibility complex. 
Organized by A. Arnaiz-Villena and P. Par
ham. Lectures by A. Arnaiz-Villena, R. E. 
Bontrop, F. M. Brodsky, R. D. Campbell , 
E. J. Collins , P. Cresswell, M. Edidin, H. 
Erlich, L. Flaherty, F. Garrido, R. Germain , 
T. H. Hansen, G. J. Hámmerling, J. Klein, 
J. A. López de Castro, A. McMichael , P. 
Parham, P. Stastny, P. Travers and J. 
Trowsdale. 

6 Workshop on Behavioural Mechanisms 
in Evolutionary Perspectiva. 
Organized by P. Bateson and M. Gomendio. 
Lectures by J. R. Alberts, G. W. Barlow, 
P. Bateson, T. R. Birkhead, J. Carranza, C. 
ten Cate, F. Colmenares, N. B. Davies, R. 
1. M. Dunbar, J. A. Endler, M. Gomendio, 
T. Guilford, F. Huntingford, A. Kacelnik, J. 
Krebs, J. Maynard Smith, A. P. M0ller, J. 
Moreno, G. A. Parker, T. Redondo , D. l. 
Rubenstein , M. J. Ryan , F. Trillmich and J. 
C. Wingfield . 

7 Workshop on Transcription lnitiation in 
Prokaryotes. 
Organized by M. Salas and L. B. Rothman
Denes. Lectures by S. Adhya, H. Bujard, 
S. Busby, M. J. Chamberlin, R. H. Ebright, 
M. Espinosa, E. P. Geiduschek, R. L. Gour
se, C. A. Gross, S. Kustu, J. Roberts, L. B. 
Rothman-Denes, M. Salas, R. Schleif, P. 
Stragier and W. C. Suh. 
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8 Workshop on the Diversity of the lmmu
noglobulin Superfamily. 

Organized by A. N. Barclay and J. Vives. 
Lectures by A. N. Barclay, H. G. Boman, l. 
D. Campbell, C. Chothia, F. Díaz de Espada, 
l. Faye, L. García Alonso, P. R. Kolatkar, 
B. Malissen, C. Milstein, R. Paolini, P. Par
ham, R. J. Poljak, J. V. Ravetch, J. Salzer, 
N. E. Simister, J. Trinick, J. Vives, B. Wes
termark and W. Zimmermann. 

9 Workshop on Control of Gene Expression 
in Yeast. 
Organized by C. Gancedo and J. M. Gan
cedo. Lectures by T. G. Cooper, T. F. Do
nahue, K-:-0. Entian, J. M. Gancedo, C. P. 
Hollenberg, S. Holmberg, W. Horz, M. 
Johnston, J. Mellar, F. Messenguy, F. Mo
reno, B. Piña, A. Sentenac, K. Struhl , G. 
Thireos and R. S. Zitomer. 
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The Centre for International Meetings on Biology 
has been created within the 

Instituto Juan March de Estudios e In vestigaciones , 

a private foundation which complements the work 

of the Fundación Juan March (established in 1955) 

as an entity specialized in scientific activities 
in general. 

The Centre's initiatives stem from the Plan 
for lnte rnational Meetings on Biology, 

supported by the Fundación Juan March. 
A total of 30 meet ings and 3 Juan March Lecture 

Cycles, all dealing with a wide range of subj ects 
of biological inte rest , were organ ized between 

1989 and 1991 within the scope of this Plan. 

The Centre endeavours to actively and 
sistematicall y promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Lecture 

and Experimental Courses , Workshops, Semin ars, 
Symposia and the Juan March Lectures on Biology. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 11th through the 13th of January, 
1993, at the Instituto Juan March. 

Al! published articles are exact 
reproductions of author's text. 

There is a limited edition of 450 copies 
of this volume, availab fe f ree of charge. 


