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GENERAL PROGRAM OF THE LECTURE COURSE 
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Morning: FIRST SESSION 

T. Nelson (Chairman) 

l. Sussex - Organization of plant apical meristems . 
R.S. Poethig - Genetic regulation of phase change 

in maize . 

Afternoon: SECOND SESSION 

F. Salamini (Chairman) 

H. Delseny - Structure of plant nucl ear genome. 
H. Freeling - Mutants analysis supports th e model 

that cell fates in the maize leaf 
to age in a developmental chrono
logy. 

S.C. de Vries - Developmental mutants and extra 
cellular proteins in carrot somatic 
embryogenesis. 

February 13 

Morning: THIRD SESSION 

l. Sussex (Chairman) 

J.H. Rothman - Genetic control of cell lin eage and 
development in caenorhabditis elegans. 

J. Modolell - Development of the pattern of sensory 
organs in drosophila. 

POSTER DISCUSSION 

M. Delseny 

Afternoon: FOURTH SESSION 

M. Freeling (Cha irman) 

F. Salamini - Developm e ntal muntants of barley. 

M.A. Estelle - Characterization of hor mone- resistant 
mutant s of arabidopsis. 

J.M.Hartínez Zapater - Floral mutations in arabidopsis 
thaliana. 

February 14 

Afternoon: FIFTH SESSION 

M.A. Estelle (Chairman) 

A. Spena - Pl a nt pathogens and genetic e ngineering: 
an approach to t h e stud y of plant de velop 
men t. 
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P.J.J. Hooykaas - Agrobacterium as a developmental 
parasite. 

February 15 

Morning: SIXTH SESSION 

R.S. Poethig (Chairman) 

T. Nelson - Patterns of development in C4 leaves. 

P. Puigdoménech - Plant cell wall protein genes as 
developmental markers. 

M. Pages - Genes induced by abscisic acid and water 
stress in maize. 
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INTRODUCTION 

Plant development is becoming a subject that interests an 

increasing number of research groups. The reasons are both based 

in its intrinsic interest and in the need to understand plant 

regeneration, an essential step in many p l ant transformation 

techniques. Therefore plant development is a matter studied far 

both basic and applied research groups. The first ones would like 

to know how the genetic information of a plant species directs 

the growth of the individuals, the second ones would like to 

predi et conditions al lowing any plant species to produce the 

desired plants from tissue cultures. 

The use of recombinant DNA techno l ogy has opened a wealth of new 

possibilities. It allows to use DNA probes as markers far 

developmental events in plants, to identify genes responsible far 

the regulation of specific steps in plant development and to 

transfer engineered genes to an increasing number of plant 

species. The results obtained with the use of these methodologies 

ha ve g reat l y i ne reased the know 1 edge ava i 1 ab le on the bas i e 

mechanisms of plant growth and they opened the way far the 

introduction of new genes into plant species and therefore 

calling the attention of plant breeders. 

The Course held in Fundación Juan March tried to convene 

scientists working in plant development from different 

approaches. The molecular aspects are certainly essential to 

understand the mechan i sms under l y i ng the phenomenon. Howeve r when 

what happened in the animal field is considered, it is clear that 

information coming from genetics and cell biology may be decisiva 

to interpret the results and to find ways towards the central 

pathways that control plant development. In this sense groups 

working in the plant field have the advantage (and the 

disadvantage) to contrast what they are doing with what happens 

in the animal systems which are in general much more advanced 

than in plants. 

The course was designed to bring together people working in plant 

development from different experiences . One is the genetic 

approach to plant development, where groups are working try1ng 

to identify new mutations and to analyze them, to understand 

Fundación Juan March (Madrid)
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cell types and lineages. The use of transposons to detect and to 

clone such mutations is particularly useful in plants. Another 

one is the molecular approach to identify and analyze genes that 

regulate plant growth or that may be useful to unravel sorne 

de velopmental stage. The general structure of the plant genome 

and the use of parasites (mostly those of the Agrobacterium 

genu s ) to understand how hormone action takes part in the control 

of plant growth have also been reviewed. Two main species are 

being used for these studies: cereals (mostly maize) and 

Arabidopsis thaliana, for different reasons. In order to confront 

the results in plants with those of the animal world speakers 

were invited to review sorne aspects of the developmental work 

that is being carried out in the two best known animal species: 

c. elegans and Orosophila. The aim of the course was to promote 

discussion among participants and to allow an overview of the 

subject in a relaxed atmosphere. 

Fundación Juan March (Madrid)
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ORGANIZATION OF PLANT APICAL MERISTEMS. 
Ian Sussex. 
Department of Biology.Yale University.PO Box 6666.New Haven,CT 
06511,USA. 

Lineages of cells ini tiated in the apical meristems differentiate as 
the tissues and organs of the plant. By generating plants that are 
genetic chimeras, in which sectors of cells are marked by 
phenotypically identifiable markers, it is possible to determine how 
cells of the meristems are parti tioned out to tissues and organs 
during development. For example, the number of cells that are 
recrui ted for leaf formation, or formation of the leaf blade, or for 
formation of nodes and internodes can be accurately assessed, as can 
the time when a subpopulation of meristem cells becomes determined for 
reproductive development 

A second type of chimera, a periclinal chimera in which one layer of 
cells in the meristem is genetically different from the others, is 
usually stable throughout development and can provide information on 
longterm or repeti ti ve developmental events. For example, pericl inal 
chimeras can be used to identify internal tissue boundaries and to 
distinguish between lineage dependent and position dependent 
differentiation. These chimeras also provide information on how 
developmental coordination between the meristem layers is achieved 
during formation of lateral organs 

Fundación Juan March (Madrid)
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Genetic regulation of phase change in maize 

R.S.Poethig, A.Bassiri and M.Dudley, Department of Biology, University 
of Pennsylvania , Philadelphia, PA 19104-6018. 

Severa l dominant, gain-of-function mutations in maize(Teopod 1,Tp2 , 
Tp3 and Corngrass) cause the prolonged expression of juvenile 
vegeta tive traits . Although these mutations increase the duration of 
vegetat i ve growth, they do not increase the duration of shoot growth 
or a ffect the time at which the shoot becomes determinate. 
Furthermore, the morphology of mutant plants is intermediate in 
c h a r acte r, rather than being purely juvenile. These resul ts suggest 
t hat juvenile development is regulated independently of the transition 
to an adult/reproductive phase of shoot growth. We propose that phase 
change is regulated in a combinatoria! fashion by the interaction of 
severa l more-or-less independent developmental programs. 

Fundación Juan March (Madrid)
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SECOND SESSION 

M. DELSENY 

M. FREELING 

S.C. DE VRIES 
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STRUCTURE OF PLANT NUCLEAR GENOME 

Hlchel OELSENY 

Unlverstty of Perptgn11n 

Leb of Plant Physlology and Molecular Btology 

66025 PERP IONAN-Cédex ( France) 

The plan\ nuclear genome ts ra\her complex end conte1ns ver1ous types of sequences 

whtch have been recognlzed durtng \he las\ f1fleen years. A de\e1led knowled;¡e of the plan\ 

nuclear genome is necessary for the Plent breeder to eveluete the genetlc d1stence between two 

spectes and ( or) vartetles to be crossed. He needs genettc markers to analyse the progeny of 

crosses and to esttmate the recombtnatton cepactty of two genomas. Severel of thts problems can 

now be epprooched beceuse ofrecen\ progress 1n our knowledge of the plan\ nuclear genoma et 

the molecular level. 

The numerous end complementery strategtes to tnvestigete the plan\ genome will be 

brtefly analyzed: cy\ogenettcs and cytophotometry, renaturatton klnettcs, clon1ng 1nd1v1dual 

genes or DNA sequences. genetlc mepplng, RFLP and long ranga mapplng. The type of tnformattons 

gtven by these techniques wtll be discussed with respect to the evolutton of homologous 

chromosomes in different spectes. 

Particular emphasts wtll focus on the various types of repeated sequences and thetr 

errangement wlth low copy number sequences. Many repeeted sequences are spectes spectfic and 

it ts ltkely that they play a major role tn the spectatton phenomemi, ltmtt1ng out-crosstng wt\h 

different spectes. Analysts of thetr sequence very often reveels tnterestlng features whtch 

suggest hypo\hests for thetr origin and evolutton. Date on yeast ind1cete thet such repeeted 

sequences located et stretegtc poslttons ( centromere end telomere)pley a mejor role 1n 

stab11i2ing chromOSümes. Attempts to isolete stm1lar elements from h1gher plents chromosomes 

wtll be descrtbed. Repeated sequences ore sources of trouble tn chromosome welktng s\rotegtes 

vartous weys to overcome these dtfftculttes wtll be dlscussed es well es the poss1btllty to use 

polymorph1c var tants to map several loct at \he same time. 

REFERENCES. 

GRELLET F., DELCASSO D., PANABIERES F. end DELSENY M. 

J. t1ol. Bfol. 1986, 187, 495-507. 

YEDEL F. and DELSENY M. 

PlontP/l{JSfo/. Bfa:llem. 1987, 25, 191-210. 

DELCASSO-TREMOUSAYGUE D., GRELLET F., PANABIERES F., ANANIEY E., DELSENY M. frr. J 

Bfocllem. 1988, 172, 767-776. 

ORELLET F., DELCASSO-TREMOUSAYGUE D. and DEL3ENY M. 

Pltmt t1ol. Bfol. 1989, 12, 695- 706. 
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MUTANTS ANALYSIS SUPPORTS THE MODEL THAT CELL FATES IN THE MAIZE LEAF 
TO AGE IN A DEVELOPMENTAL CHRONOLOGY 

Michael Freel ing, Phil lip Becraft, Ralph Bertrand, Kelly Dawe, John 
Fowler, Barbara Lane and Anne Sylvester (alphabetically), Department 
of Plant Biology, University of California, Berkeley, CA 94720. 

The maize leaf has been nurtured as a system to the point where 
questions of plant development may actually get answered ( 1). My 
laboratory is describing several leaf mutants that specify organ 
transformation that may disconnect age from posi tion. The maize leaf 
is a gradient of developmental age from the tip of the blade to the 
base of the sheath. Between younger sheath and older blade is the 
auricle-ligule. 

9 loci are defined by mutants that transform blade to sheath but none 
transform sheath to blade. This fact may be explained if blade cells 
( oldest) necessarily passed through sheath (youngest) and auricle 
maturation stages. 

Histology, mutant descriptions, and the analysis of genetic mosaics 
for liguleless mutant tissue implies that a specific "make auricle and 
ligule" signal is generated at a specific time at the midrib and is 
somehow propagated toward the margin. The product of the ~ wildtype 
allele is to encode a product necessary to both make ligule and to 
propagate the signal. This signal overrides the default cell division 
programs that we have also been describing for leaf growth. 

Our continuing studies of the Knotted-1 (Knl) mutants lead to a 
working hypothesis predicting that the re la ti vely undifferentiated 
tissue that surrounds the lateral veins of Knotted leaves is actually 
"young for its age" and is, thus, out-of-place sheath. SEM examination 
of epidermal cuticle supports this prediction. I will present evidence 
that cells in the primordial leaf undergo "default" cell division and 
maturation programs through which they acquire developmental age, and 
that various age along the way correspond to particular competences to 
"hear" signals that pass over the leaf at various moments. Leaf 
developmental mutants have phenotypes that fit this notion; these are 
being characterized, transposon-tagged, and will eventually be used to 
identify meaningful molecules. (As we build on the maize leaf as a 
system, certain generalizat.ions emerge: leaf primordia do have 
preferred lineage-cell fa te correlations; the epidermis may not send 
important developmental signals; compression-stress has been excluded 
as an important factor in coordinating leaf cell division rates; and 
the anther is a determinant meristem, nota leaf homolog.) 

(1) Freeling,M., Pierce,D.K.B., Harberd M., Lane,B., Hake,S., 1988. 
In: Temporal and Spatial Regulation of Plant Genes. Verma, D-P.S. and 
Goldberg R.B., eds Springer-Verlag, NY pp. 41-62 
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DEVELOPMENTAL MUTANTS ANO EXTRACELLULAR PROTEINS IN CARROT 

SOMA TIC EMBRYOOENESIS 

Sacco C de Ydes, Hilbert Booij, Jan Cordewener, Fred A. van Engelen, Anke de Jong, Ab van 

Kammen, Fiorella Lo Schiavo 1, Gerard Schellekens, Peter Sterk and Mario Terzi 1. 

Department of Molecular Biology, Agricultura] University Wageningen, Dreijenlaan 3, 6703 HA 

Wageningen, The Netherlands. 

1 Department of Genetics, University of Naples, Via Mezzocannone 8, 80134 Naples, Italy. 

Somatic embryogenesis in carral suspension cultures is a widely accepted model system to 

study the molecular mechanisms underlying plan! embryogenesis (!) . Secreted medium 

glycoproteins appear to be importan! in severa( steps in the process of somatic embryogenesis 

since a) high molecular-weight conditioned medium components promote the formation of 

embryogenic cell clusters (2), b) one or more secreted glycoproteins are able to rescue somatic 

embryogenesis in cultures inhibited by the glycosylation inhibitor tunicamycin (3), and c) somatic 

embryogenesis can be rescued in the temperature-sensitive emb- cell line tsl 1 (4) by the addition 

of secreted medium glycoproteins. The aim of the present study was to identify the proteins 

responsible for the complementation by addition of separated medium glycoproteins to 

tunicamycin-inhibited wild-type embryo cultures and tsl 1 embryo cultures at the non-permissive 

temperature of 32ºC. 

So far three individual proteins have been pudfied that promote somatic embryogenesis at 

different developmental stages. a) Somatic embryogenesis in tunicamycin-inhibited cultures can 

be restored by the addition of a 38 kDa isoperoxidase. This peroxidase appears highly specific in 

its activity in the inhibition-complementation assay, since it was purified from a mixture of at least 

8 other isoperoxidases with identical molecular weight and only slight variations in i.e.p. The 

activity of the complementing peroxidase is detectable in embryo cultures only, from 1 day after 

embryo initiation onwards. Based on morphological observations the complementing peroxidase 

is apparently involved in very early stages of somatic embryo development, before any detectable 

embryo forms have appeared. b) The temperature-sensitive mutant tsl 1 can be rescued with 60 to 

70 % efficiency at the non-permissive temperature by addition of a purified 30 kDa fucosyl ated 

secreted glycoprotein from a wild-type culture. Since tsl 1 is blocked in the transition of globular 

to heart somatic embryos, the complementing effect of this protein suggests that also in later 

stages of embryo development secreted medium proteins are essential. The 30 kDa secreted 

glycoprotein is probably dependen! on correct fucosylation of its glycans for proper 

complementing activity. 

c) A secreted medium glycoprotein of 46 kDa was purified from wild-type cultures that resulted in 

an 8 to 10 fold increase in the number of globular embryos formed in a tsl 1 culture. Ali of the 

additionally formed globular embryos retained the mutan! ts 11 phenotype. 

Ali three purified embryo-promoting proteins exhibited a very narrow concentration range in their 

activity, with optima between 0.1 and 0.5 nM. In addition to these three proteins a fourth secretcd 
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medium protein of 52/54 kDa was identified that inhibited somatic embryogenesis in a 

concentration-dependent fashion in wild-type embryo cultures. Analysis of a specific antiserum 

raised against a A.gtl 1 52/54 kDa - lacZ fusion protein revealed that the protein is present in cell 

walls of single suspension cells of ali cultures investigated and in basal parts of the root and stem 

of seedlings. In contras!, a second clone corresponding to a secreted glycoprotein of unknown 

function, also isolated by expression screening, was shown to be present in embryogenic cultures 

and somatic embryos and in the shoot apical meristem and young flower meristems of carrot 

plants. 

In conclusion, we have obtained evidence that carrot somatic embryogenesis depends on a 

delicate balance of promoting as well as inhibiting secreted glycoproteins of which the specificity 

is, at least in part, located in the sugar moiety. In addition, we have shown that genes encoding 

secreted glycoproteins of embryogenic carrot suspension cultures exhibit strikingly tissue-specific 

expression pattems in the intact plant. 

l. Nomura,K., Komamine, A. (1986) Oxford Surveys of Plant Molecular and Cellular Biology 

3, 456-466. 

2. De Vries, S.C., Booij, H., Meyerink, P., Huisman, G., Wilde, H.D., Thomas, T.L., 

van Kammen, A. (1988) Acquisition of embryogenic potential in carrot cell suspension 

cultures. Planta 176, 205-211 

3. De Vries, S.C., Booij, H., Janssens, R., Vogels, R., Saris, L., LoSchiavo, F., Terzi, 

M., van Kammen, A. (1988) Carrot somatic embryogenesis depends on the 

phytohorrnone-controlled presence of correctly glycosylated extracellular proteins. Genes 

& Development 2, 462-476 

4. Lo Schiavo, F.,Giuliano, G., Pitto, L. , de Vries, S.C., Bollini, R., Genga, A.M., Nuti

Ronchi, V.,Cozzani, F., Terzi, M. (1989) A carrot cell variant temperature-sensitive for 

somatic embryogenesis reveals a defect in the glycosylation of extracellular proteins. 

(submitted) 
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THIRD SESSION 

J. H. ROTHMAN 

J. MODOLELL 
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GENETIC CONlROL OF CELL LINEAGE AND DEVELOPMENT IN 
CAENORHABDIT/S ELEGANS Joel H. Rothman, MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge CB2 2QH England 

The nematode Caenorhobditis elegans has proven to be an ideal experimental organism 
for studying the genetic control of cell lineage, pattem formation, and morphogenesis. lts 
short generation time and large brood size malee genetic studies straightforward (1, 2). 
Mutations can be be homozygosed and propagated by self-fertilization of hermaphrodites, and 
genetic crosses can be peñormed with males. Hundreds of genes, mapped to its six 
chromosomes, include those involved in development, physiology, behavior, and 
morphology. C. elegans is arguably the most completely understood metazoan in many 
regards. lts small cell number, transparency, and stereotyped cell lineage have made it possible 
to determine the entire cellular anatomy and nervous system connectivity by electron 
microscopic reconstruction (3), and to describe its development fully in the form of a lineage 
chart of all somatic nuclear divisions (4, 5, 6). This knowledge allows genetic or physical 
perturbations in development to be investigated at single-cell resolution. A physical map of the 
nematode genome is nearly complete and has greatly simplified molecular analyses (7, 8). 

A number of principies have emerged fro:n the detennination of the cell lineage. With 
few exceptions the lineage is invariant. It is parcelled into modules of cell divisions that occur 
within each of 6 developmental stages: the embryo, four larval stages, and the adult. Often a 
stereotyped lineage pattem or "sublineage" occurs at multiple positions throughout the lineage 
suggesting that a particular combination of genes specifies a given sublineage by cell-intrinsic 
mechanisms; identification of mutations that perturb a particular type of sublineage at several 
points in the lineage support this notion. Direct comparison of the Iineage in related nematode 
species illustrates ways it can be modified throughout evolution (9, 10). For example, the 
number of times that a sublineage is sequentially repeated, the polarity of a particular cell 
division, and the partitioning of different cell fate potential to one product of a division versus 
its sister differ among nematode species, indicating that one ora few genes control each of 
these processes in particular sublineages. In fact, mutations altering these parameters of the 
lineage ha ve been identified ( 11 ). 

A primary goal of analyzing the lineage genetically is to understand how genes control 
developmental decisions at each cell division. A Iarge number of viable mutations causing 
aberran! lineages have been identified; in general, such mutations affect only particular portions 
of the lineage (11 ). Many produce homeotic transformations, resulting in substitution of one 
sublineage for another and often profound changes in gross morphology. Among the most 
conspicuous of these are mutants defective in development of the vulva ( 12). 1be "Mu V" 
mutations lead to multiple vulva-like cell groups along the ventral hypodermis in addition to a 
vulva at its normal ventral position. The vulvaless ("Vul") mutations transform the sublineages 
that normally generate the vulva to those that result in non-vulval fates . The Vul and Mu V 
genes have been ordered into a genetic pathway that defines sequential stages in generation and 
determination of vulva! precursor cells and expression of vulval-specific lineages. Certain 
lineage mutanl~ show temporal rather than spatial transformations in lineage; mutations in four 
such "heterochronic" genes, which show either premature cr delayed expression of cell 
lineages and fates, have been ordered genetically into a linear pathway of action (13). Thus, 
heterochronic genes regulate the timing of execution of particular cell fates within the overall 
context of worm development. Sorne of the lineage genes encode nuclear proteins, and sorne 
contain homeobox motifs, implying that at least sorne of these genes control lineage decisions 
by altering expression of other genes ( 14, 15, 16). 

The invariance of the lineage does not reflect strict cell-autonomous detennination of 
cell fates; cellular interactions are important at several stages. The precursors of the vulva 
constitute an "equivalence group" -- although they retain the capacity to express identical fates, 
they normally express different fates as the result of interactions with an underlying gonadal 
cell and between each other (17). The gene lin-12 participates in these interactions (18). Two 
different cellular interactions, regulation of the switch hum mitotic proliferation of garnete 
precursors to meiotic division, and an interaction between cells in the early embryo required for 
normal developrnent of the pharynx, both require the glp-1 gene (19, 20). glp-1 and lin-12 are 
tightly linked genes whose products share strong sequence identity with each other, and with 
the product of Notch, a gene involved in a particular cellular interaction in Drosophila (21, 22). 
These three genes appear to encode transmembrane receptors that receive signals hum nearby 
cells and transduce the signals into changes in the fates of the receiving cells. 
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DEVELOPMENT OF THE PATTERN OF SENSORY ORGANS IN DROSOPHILA. 
Juan Modolell. 
Centro de Biologia Molecular, CSIC and UAM, 28049 Madrid, Spain. 

The larval and adult cuticles of Drosophila contain many sensory 
organs (SOs) with mechano- or chemoreceptor function (hairs and 
bristles and sensilla of other classes) . The type and position of 
t hese SOs form a stereotyped pattern which can be modified by 
mut a tions at many genes . Severa! of these genes have been extensi
ve l y analyzed both at the genetic and molecular leve!. This work has 
s hown that the patterning of SOs constitutes an excellent system to 
study the mechanisms that specify position at the individual cell 
leve! (Ghysen and Dambly-Chaudiere, 1989, review) . 

Classical work by Stern (1954) suggested that SOs develop in 
s pecific p ositions because SO-inducing genes are locally activated 
i n response to an underlying "prepattern" of positional cues. The 
pi oneering work of Wigglesworth (1940) demonstrated that cell 
interactions, like lateral inhibition, also play a most important 
role in refining the pattern by, for instance, controlling the 
spa c ing between SOs . Moreover, computer simulations by Ghysen and 
Richelle (1979) indicated that lateral inhibition allows sos to form 
at reproducible locations even if the regional control of SO - indu
cing genes is not very precise. 

The best characterized SO-inducing genes are those clustered in 
the achaete-scute complex (AS-C) (Garcia-Bellido, 1981; Ghysen and 
Dambly-Chaudiére, 1987, review). The molecular analysis of this 
complex has shown that it contains four genes which encode putative 
transcriptional regulators . These probably actívate genes effecting 
SO differentiation. As predicted by the genetic and developmental 
studies , the expression of AS-C genes is spatially restricted to 
many separate groups of cells (Romani et al., 1989). Within a group, 
o ne or severa! cells will become SO precursors. At least for one of 
the genes (scute), the pattern of expression seems controlled by a 
set o f cis-acting enhancer-like elements scattered over 40 kb of non 
transcribed AS-C DNA (Ruiz-G6mez and Modolell, 1987) . Each element 
wo uld interpret appropriate combinations of spatial cues (prepat
tern) and actívate scute expression in one or a few groups of cells. 
With i n each group of e xpressing cells, the number of SO precursors 
is limited by cell interactions (lateral inhibition) mediated by 
genes like the neurogenic loci, which encode transmembrane proteins 
(Campos-Ortega, 1988, review), and ~ (Simpson and Carteret, 
19 8 9) . It is also limited by the products of the hairy and extrama
crochaetae genes, which seem to sequester the AS-C proteins in 
c omplexes inneffective in promoting neurogenesis (Garre!! and 
Modolell, submitted) 
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DEVELOPMENTAL MUTANTS OF BARLEY 

F. SALAMINI 

Max-Planck-Institut für Züchtungsforschung.Koln (Germany) 

Developmental mutations of barley are discussed in the frame 
of a model of plant developed far the Gramineae. Relevant 
issues proper to the definition of this model are: 

-the concept of the phytomer 
-the phytomeric structure of the plant 
-homology of organs 
-phytomer type 1 and 2 
-phytomer type 1 and morphogenesis 
-continuous e mbryology and recurrent embryogenesis 

Developmental mutants are classified, according to the model 
introduced, as inducing transitions (the phytomer in a region 
of the plant assumes characteristics proper of a contiguous 
or not contiguous region), organ modifications, addition and 
reduction of phytomers. 
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LIST OF MUTANTS 

ari ( lkl shQrt awn (breviaristaturn) 
awl awnless 
abr (lb) = accordiori basal rachis internode 
acr accordion rachis internode 
als (abs) absent l ower laterals 
adp = awned paiea 
be = branched ear 
bh = bushy heart (= branched 5) 
lb = lQng: basal rachis internQde 
bir (brc) = branching: rachilla (similar to branched 

br = 
bra (trd) 
bra-cd 
cal (s1") = 
cud = 
.!2 = 
De = 
dwf 
g (leo) 
flo 
K (Ke) = 
int-181 
lax-a8 
Le ( 1.) = 
Lfb 
Lfl = 
li 
lnt 
],Q 

lr = 
rng:l 
rnlt (rnul2)= 
rnn = 
rnnb (den6)= 
!!lQ 
ffiQ 1-5 = 
!!1Q___j_ = 
nld 
QQ 
QYl 
rin 
sid 
il (Tr) 
tri 
u4 = 
uc2 

~ 
~ = 
viv4 = 

brachytic, dwarf 
bracteaturn 
sernibracteaturn 
calcarQides 
curly dwarf 
dwarf (sterile) 
!ax spike 

= 

veg:etative dwarf 
elong:ated outer g:lurne 
extra floret 
hooded 

cornpositurn 

interrnediate (rnodif ied ear) 
laxaturn 
!ax spike 
leafy bract 
leafless 
lig:uleless 
lQW nurnber of tillers 
srnall lodicules 
lateral lernrna appendix r educed 
rnany g:lurnes Qn laterals 
rnultiflorous 
rnany nQded 
rnulti nQded branched 
rnultiQvary 
starnen --> QVary 
lQdicules tQ leaf 
narrQW leaf dwarf 
Qpposite spikelets 
Qvaryless 
lQW nurnber Qf rachis internQde 
single internQded dwarf 
triple awned lernrna 
triaristaturn (awned palea) 
unbranched style 
uniculrn 
uzu-semibrachytic 
deficiens 
viviparoides 

= corn) 
5 bh 
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CHARACTERIZATION OF HORMONE-RESISTANT MUTANTS OF ARABIDOPSIS. Cyn thia 
Lincoln,F.Bryan Pickett,Candace Timpte,Jocelyn C.Turner,Allison 
K. Wilson and Mark A. Estelle. Dept. of Biology, Indiana University, 
Bloomington IN.47405. 

We are interested in the role of the plant hormones IAA and ethylene 
during plant growth and development. In arder to understand the 
function of these regulatory molecules at the tissue or whole plant 
level it will be necessary to understand the mode of hormone action as 
well as the mechanisms which regulate hormone levels throughout the 
plant. Our approach to these problems has been to identify genes 
involved in hormone action by iso l ating mutants of Arabidopsis which 
are resistant to exogenous application of ei ther auxin or ethylene. 
Because disruption of any of a number of functions may confer 
resistance (uptake or transport proteins, receptors, signal 
transduction components), our initial goal has been to use screens for 
hormone- resistance to identify as many interesting genes as possible. 
M2 seedlings were screened for resistance to auxin on agar media 
containing inhibiting concentrations of either IAA, 2,4-D or I -NAA. 

Ethylene-resistant mutants were isolated in a similar way using the 
ethylene precursor ACC as a selective agent . A number of mutants which 
offer resistance to either auxin or ethylene have now been recovered 
. Genetic analysis has demonstrated that we have identified at least 3 
genes which confer resistance to auxin and at least 2 whi ch result in 
ethylene resistance . In addition to hormone resistance , mutations at 
each gene confer a distinctive morphological phenotype. As a prelude 
to cloning we have posi tioned two of the auxin- resistant loci ( axrl 
and axr2) on an RFLP map generated by Chang et al. ( 1). Both genes 
appear to lie within approximately 2 map units of the closest RFLP. 
The results of our genetic studies as well as the characterization of 
the mutant phenotypes will be presented . 

l)Chang et al . Proc.Natl.Acad . Sci.85:6856- 6860 
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FLORAL MUTATIONS IN Arabidopsis thaliana 

J.M. Martínez Zapater. INIA. Madrid 

In· contrast to the important role of genetics in our understanding 
of animal development, genetic analysis has not been a widely used 
approach in plant deve lopment studies. One plant, Arabidopeis thaliana, 
is particularly well suited for studying the molecular genetics of 
plant development. The small size and short generation time of this 
species allows for the rapid isolation and characterization of mutante. 
Moreove r, its small genome size may allow Arabidopsis genes to be 
cloned only on the basis of their genetic identification. 

The transition from vegetative to reproductive growth is the most 
conspicuous change in plant development. Two different processes, floral 
induction and flower development at the apical meristem, can be distin
guished. In Arabidopsis, flowering is induced by both long-day photo
period and low temperature applied at the seedling or vegetative stages. 
Physiological factors should also be important since plante flower even 
under non-inductive conditions once a certain developmental stage is 
reached. By selecting for mutants that are delayed in flowering time 
when grown under inductive conditions, a total of 11 loci have been 
identified which are probably involved in floral induction. Physiological 
analyses of these mutants indicate that several pathways are implicated 
in floral induction in Arabidopsis. 

Floral induction produces profound changes in the pattern of growth 
and differentiation of the apical meristem: i) growth becomes determinate, 
all meristematic cells differentiate and no axillary meristems are 
produced; ii) internode elongation is strongly inhibited; iii) four 
different flower organs (sepals, petals, stamens and carpels) differen
tiate in place of leaves. Mutaúons that affect each one of these proces
ses have been isolated in Arabidopsis and more than 10 loci required for 
normal flower development have been identified. Morphological characteri
zation of different mutant alleles at the same loci and the analyses of 
double mutant phenotypes indicate that sorne of these loci are responsible 
for the control of flower organ identity. 

We will summarize the results of the genetic analyses .of floral induc
tion and development in Arabidopsis and discuss the progrese towards the 
molecul a r cloning of those loci. 
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Plant pathogens and genetic engineering: an approach to the study 
of plant development. 

Angelo Spena, Jeff Schell, Thomas Schmülling, Reidunn B. Aalen, 
and Sabine C. Schülze. 
MPI für Züchtungsforschung, 5 Koln 30, F.R.G. 

Pathological conditions are sometime exageration, some time 
deficiency, but always alteration of certain processes which tak e 
place in a healthy organism. Similarly developmental anomali e s 
are deviations from the normal pathway of developmental events. 
Consequently knowledge of the genesis of developmental anomalies 
can help us to understand also normal developmental events. For 
this reason we have used plant genetic engineering tecniques to 
construct transgenic plants altered in their morphology and 
growth habit . Genes able to alter plant morphogenesis and grow th 
can, of course, be cloned from the genome of plants. Howeve r 
plant pathogens can be an alternative and useful source o f 
morphogenetic genes. In this respect I will describe the use o f 
the ipt gene of Agrobacterium tumefaciens and of the rolA, B , and 
C genes from Agrobacterium rhizogenes to generate developmental 
alterations in transgenic plants. 
Plant genetic engineering allows one to introduce a gene into the 
plant genome and by providing the gene of interest with 
appropriate regulatory sequences , one can control its 
expression. It will be presented a novel approach for studying 
gene action in plants, which could be particularly useful for the 
study of morphogenetic genes. It is well known that transposable 
elements are able to selectively activate gene expression in 
clonal populations of cells. Consequently they can be useu as 
switches to control gene expression. Genetic mosaics, caused by 
transposon excision and consequent reactivation of a transpos on
splitted gene, could be used to address the cell autonomou s 
aspects of gene action and to circumvent regeneration problems 
due to the expression of morphogenetic genes in plant cells. In 
this respect, the used of transposon-splitted constructions to 
address the cell-autonomous behaviour of the rol C gene will be 
presented. 
Altered phenotypes obtained by plant genetic engineering could be 
used in the same way as mutant phenotypes obtained by classical 
genetics to correlate morphological and physiological alterati ons 
with hormonal content. In this respect hormonal analysis in 
transgenic plant material will be presented and discussed. 
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Agrobacterium as a developmental paraaite. 

Paul J.J. Hooykaas , Cluslus Laboratories, Leiden Univereity, Wassenaarseweg 

64, 2333 AL Lelden, The Netherlands. 

The bacterium Agrobacterium tumefaciens induces tumours called crown 

galla on dicotyledonous plant spec ies . During tumor lgenesis agrobacter ia 

transfer a segment of their tumour inducing (Ti) plasmid to plant cells at 

the infection eite. Expression of ene-genes located in the T (Transferred) 

DNA leads to tumour formation . The transfer apparatus is determined by vir 

genes located next to the T-DNA on the Ti plasmid and by chv- genes located 

in the bacterial chromosome. One of the early steps in tumorigenesis 

involvee the induction of the expresslon of the vir-genes by phenolic plant 

compounds such as acetosyringone, einapic acid and coniferyl alcohol. The 

regulatory genes virA and virG determine a transmembrane receptor protein 

and an activator protein, which together form a twofactor regulatory system. 

The induced Vir-proteins mediste the formation of single stranded copies of 

the T-region (T-strands), which are probably intermedia tes in the T-DNA 

transfer procesa. 

The T-DNA from the Ti plasmid contains several genes that are expressed 

in the transformed plant cells. Three of these are ~-genes involved in the 

production of the auxin indole acetic a cid (aux-genes) and the cytokinin 

isopentenyl-AMP (Sl!-gene) . The functions of a fourth T-DNA ~-gene, which 

codee far mRNA 6b is not known, but this onc-gene is by itself able to 

provoke tumour formation in certain plant species. The preeence of the 

complete T- DNA in plant cells usually prevents their regeneration of 

specialized ti esues such ·as roote and shoots . However, upan deletion of 

either or both of the ~ genes shoot regeneration becomes poesible. The 

regenerated shoots do not form roots, however and thus they can grow out 

into flowering plants only after grafting onto normal understems of the same 

plant species . Similar resulte have been obtained with plant cells tran s 

formed with the Sl!-gene alone. Apparently, the internal overproduction of a 

cytokinin due to the presence of the Si! gene converts normal plant cells 

into cells which cannot differentiate into roots. Two other properties in 

which T-Sl! containing plantlets dlffer from normal planta are that they do 

not form fertile pollen (male sterilitiy) and that they do not respond to 

infection with tumorigenic Agrobacterium strains with tumour formation . It 

can thus be concluded that already the introduc tion of a single T-DNA gene 

can have a profound effect on the growth and development of planta. In t he 

lecture a review wlll be given of the current knowledge on the Ti T-DNA onc 

genes, on their molecular mechanism of action and on their use for specif i c 

purposes. 
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PATTERNS OF DEVELOPMENT IN C4 LEAVES. Timothy Nelson and Jane 
A.Landgale, Vale Biology Department, P.O.Box 6666, New Haven, CT 06511 

In plants utilizing the C4 scheme for carbon fixation, the 
vascular system is the framework around which the two required 
photosynthetic cell types are arranged. Each vein is surrounded by a 
photosynthetic bundle sheath (BS). Photosynthetic mesophyll (M) cell 
and air spaces occupy the remaining mesophyll space. The operation of 
the C4 cycle relies on the presence of one set of photosynthetic 
enzimes exclusively in BS cells (e.g., RuBPCase, NADP-ME) and a 
complementary set in M cells (eg., PEPCase, PPdK, NADP-MDH).BS and M 
cells are interconnected by abundant plasmodesmata, through which the 
intermedia tes of the C4 cycle pass. We propose that the distinct 
patterns of differentiation shown by mature BS and M cells in C4 
leaves represent an extreme state of a regulatory system capable of 
gene expression patterns permitting C3-type, C4-type, or combined 
modes of carbon fixation. 

In si tu hybridization studies suggest that C4 genes are 
controlled in a radial fashion around developing vascular centers, 
such that BS genes are activated at one radius and M genes at a 
greater radius (1). This pattern is evident before BS and M cells are 
morphologically distinct ( 2). Leaves such as husk lea ves con ta in M 
cells that differentiate at up to 10-cells distance from the nearest 
vein, in contrast to the 2-cell maximal distance found in developing 
foliar leaves (3). C4 development occurs adjacent to veins in both 
foliar and husk leaf types under equivalent illumination, but beyond a 
several-cell radius, M-cells develop as conventional C3 chlorenchyma. 
Along wi th physiological data, these experiments suggest that 
positional control of M-cell development acts locally within a small 
radius of each vein and that C3-type photosynthetic development is the 
default scheme (3). 

Once BS and M cells take on a pattern C4 pattern of gene 
expression, it is relatively stable, even under "C3" conditions of low 
light. However, the C3 pattern is rapidly shifted to a C4 pattern with 
addi tional illumination. We found that these patterns are correlated 
wi th distinct patterns of methylation near or wi thin individual C4 
genes. We suggest that methylation events "lock in" the distinct gene 
expression patterns for BS an M cells early in their differentiation 
under illumination, but not in darkness. 

Ref erences 
l. Langdale, J.A., Rothermel,B.A., and Nelson,T. (1988) Genes and 
Devel. 2, 106-115. 
2. Langdales,J.A., Lane,B., Freeling,M., and Nelson,T.(1989) Devel. 
Biol 133, 128-139. 
3. Langdale,J.A., Zelitch,I., Miller,E., and Nelson,T.(1988) EMBO 
Journal 7, 3643-365 
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PLANT CELL WALL PROTEIN GENES AS OEVELOPMENTAL MARKERS 
Pedro Puigdoménech 
Deoartamento de Genética Molecular. CIO-CSIC. Jordi Girona, 18. 
08034 Barcelona. Spain. 

Cell wall is one of the essential and characteristic components 
of plant cells . Since the identification of extensin, one of the 
main hydroxyproline-rich glycoproteins extracted from dicot 
t1ssues, and the cloning of its corresponding cONA and genes (see 
refs. 1-3 far reviews), they have shown to be interesting systems 
to study gene regulation in plants. They are also useful 
de velopmental markers. Extensin genes appear to be preferentially 
e x pressed in defined plant organs, to be induced in transgenic 
plants overexpressing Agrobacteriu~ genes coding for cytokinin 
genes and to take part in the defense mechanisms ~f the plant. 
In particular they may be induced by fungal infection and 
elic1tors. Extensins may be coded by multigene families having 
differential patterns of expression . 
Other cell wall components have been identified marking defined 
cell types or tissues. These include a group of glycine-rich 
protein genes preferentially expressed in the vascular system of 
dicots (4), a group of proline-rich protein genes from soybean 
that show complex patterns of expression (5), a gene taking part 
in early events of lateral root formatin (6) and nodulin-75, one 
of the genes induced by nodulation in legumes (7). Finally, 
monoclonal antibodies have been obtained marking cell wall 
components defining positional events in embryo development (8). 
In monocot species only a gene coding for a proline-rich protein 
containing a highly repetitive sequence has been identified (9). 
The protein seems to be coded by a small number of genes (one or 
two) expressed in tissues rich in dividing cells, induced by 
wound i ng of young 1 ea ves and mark i ng the format ion of the 
vascular system (10). 
1. Cassab, G.I. & Varner, J.E. (1988) Ann. Rev. Plant Physiol. 
Plant Mol. Biol., 39, 321-353 
2. Varner, J.E. & Lin, L.S. (1989) Cell, 56, 231-239. 
3. Showalter, A., M. & Rumeau, o. ( 1989) In "Recognition and 
Assembly of Animal and Plant Extracellular Matrix", W.S. Adair 
& R.P. Mecham, eds. In press. 
4. Keller, B., Sauer, N. & Lamb, C.J. (1988) EMBO J., 7, 3625-
3633. 
5. Hong, J.C., Nagao, R.T. & Key, J.L. (1989) The Plant Cell, 1, 
937-943. 
6. Keller, B. and Lamb, C.J. (1989) Genes and Oevelopment, 3, 
1639-1646 
7 . Franssen, H.J., Nap, J.P., Gloudemans, T., Stiekema, W., van 
Dam, H., Govers, F., Louwerse, J., van Kammen, A. & Bisseling, 
T. 11987) Proc. Natl. Acad. Sci. USA, 84, 4495-4499. 
8. Knox, J.P., Oay, s. & Roberts, K. (1989) Development, 106, 47-
56 . 
9. Stiefel, V., Pérez-Grau, L., Albericio, F., Giralt, E., Ruiz
Avi la, L., Ludevid , M. O. & . Puigdoménech, P. (1988) Plant Mol. 
Biol.. 11, 483-493. 
10 . St1efel, V., Ruiz-Avila, L., Raz, R., Vallés, M.P., Gómez, 
J .. Pagés, M., Martínez-Izquierdo, J.A., Ludevid, M.O., Langdale, 
J .. Nelson, T. & Puigdoménech, ?. Submitted 
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GENES INDUCED BY ABSCISIC ACID AND WATER STRESS IN MAIZE 

Montserrat Pagis Departamento Genética Molecular. C.I.D. (C . S .I. C. ) J orge 

Girona 18- 26. 08034 Barcelona. Spain. 

In earlier studies on the regulation of gene expression during 

embryogenesis in Zea mays we have s hown the expression of a set of specific 

polypeptides which were r apidly induced by ABA in young embryos upon 

hormone treatment (1,2). These polypeptides also appear during normal 

embryogenes i s when the development of the embryo is progressing to the 

maturation stage, coinciding with the period where the endogenous level of 

ABA attains the maximum peak. After accumulating in dry embryos they 

disappear during the first hours of germination. cDNAs and genomic c l ones 

corresponding to these proteins were obtained. Northern blot hybridization 

s howed that these genes are involved in generalized plant ABA responses as 

they accumulate not only during dehydration of the embryo and in 

ABA-treated tissues but also in leaves under conditions of water-deficit 

(3,4,5). 

The function of the proteins encoded by ABA-regulated genes is unknown.The 

sequence of the maize 16 kDa ABA induced protein (AIP-16) deduced from the 

sequence of the cDNA ( pMAH9), predicts that is an RNA-binding pr_otein since 

it possesses a ribonucleoprotein consensus sequence (RNP-CS)-type RNA 

binding domain (CS-RBD) and contains the RNP-CS (RGFGFVTF) and RNP2 

(CFVGGL) sequence motifs (3,6). Like several animal RNA-binding proteins, 

AIP-16 also has a glycine-rich carboxyl-terminal domain (7). · AIP-16 i s the 

first RNP-CS plant protein to be described. By means of ribohomopolymer 

binding assays and using antibodies raised against a synthetic peptide from 

the predicted sequence, we demonstrated that AIP-16 is a "bona f ide" 

RNA-binding protein wi th preference for guanosine-rich sequences. These 

findings establish a role for an inducible RNA-binding protein in the 

response of plants to the hormone abscisic acid in embryogenesis a nd 

dehydration, and suggest possible functions for the AIP-16. 

1-Sanchez Martinez et al 1986 Plant Physiol 82 543-549 
2-Goday et al 1988 Plant Physiol 88 564-569 
3-Gomez et al 1988 Nature 334 262-264 
4-Pli et al 1989 Pla nt Mol Biol. 13 135-144 
5-Vilardell et al 1990 Plant Mol. Biol. (in press) 
6-Dreyfuss et al 1988 Trends Biochem. Sci. 13, 86-91 
7-Cobianchi et al 1986 J. Biol. Chem. 261, 3536-3543 
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DEVELOPMENT OF A TRANSPOSON TAGGING SYSTEM IN ARABIDOPSIS 

TIIALIANA BASED ON TIIE AC ELEMENT OF MAIZE. · 

Lluis Balcells, June Swinburne, Karen Ingle and George Coupland 

I.P.S.R., Trumpington, Cambridge CB2 2JB, England, U.K. 

We are developing a transposon tagging system (1) using the maize transposable 

element Ac (2) in Arabidopsis thaliana. Ac transposes with a low frequency in 

Arabidopsis and gives rise to potentially unstable mutations. To overcome these 

drawbacks we are using a two-component system: a) Ac with an interna! deletion that 

makes the transposase gene inactive (Ds) and b) the Ac transposase gene under the 

control of different promoters, more active than the original one. The transposase gene 
fusions are unable to transpose, because they lack one of the termini of the Ac element. 

However, the Ds element can transpose in the presence of the transposase. 

Most mutations caused by the insertion of transposable elements show occasional 

revertants among the progeny, which correspond to excision events that restare the 
activity of the mutated gene. Thus, in our system we will be able to distinguish 

mutations caused by the Ds element from those due to somaclonal variation, by 

identifying revertants. Any mutation caused by a Ds element can be made stable by 

selecting a plant that lacks the Ac transposase gene, using Mendelian segregation. 

To transform A. thaliana, we use the method of Valvekens et al. (3), which 

involves infecting root explants with Agrobacterium tumefaciens and selecting the 

transformed calli by means of resistance toan antibiotic. We have obtained transformed 

plants (T0), using constructs containing a Ds element or the Ac transposase gene. We 

plan to cross T 1 plants homozygous for the construct (F0), in arder to obtain 

transposition in the F1 generation. If the Ds element inserts in a gene or regulato ry 
region, the mutation will become apparent in the F2 or F3 generation. The plants with 

interesting mutant phenotypes will be used to clone the tagged gene. 
Our ultimate aim is to charaterise genes involved in the control of flowering time. 

Once our transposon tagging system is developed, we will use it to clone such genes. 

REFERENCES: l. Balcells et al. (1989). Arabidopsis thaliana: a model system for 
studying the molecular genetics of plant development. Annual Report. I.P.S.R., 

Cambridge Laboratory. 2. Coupland et al. (1988) . Characterization of the maize 
transposable element Ac by interna! deletions. EMBO J. 7, 3653-3659. 3. Yalvekens et 

al. ( 1988) Agrobacterium tumefaciens-mediated transformation of Arabidopsis thaliww 

root explants by using kanamycin selection. Proc. Nat. Acad. Sci . U.S.A. 85, 5536-5540. 
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CALLUS PROLIFERATION, PLANT REGENERATION ANO 
PROTOPLAST ISOLATION FROM INFLORESCENCE 
SHEATH LEAVES OF MATURE TRITORDEUM ANO WHEAT 
PLANTS. 

~ __,_J1 arcelo, 1 P.Lazzeri,1 A.Martin 2 & H.L0rz 1 

Ma x-Planck Institut fOr ZOchtungsforschung, 
D-5000 KOln-30, FRG. 1 (Present addresses: 
Ins titut für Allgemeine Botanik, Universitat 
Ha mburg , Ohnhorststrasse 18, D-2000 Hamburg 
52, FRG.) 2 E.T.S.I. Agronomos , Dpto.Genetica, 
14080 Cordoba, Spain. 

With the final aim of using leaves as a 
s ource tissue for protoplast isolation, cell 
proliferation and plant regeneration 
c apability of the inflorescence sheath leaves 
of mature plants of wheat and Tritordeum 
(amphiploid barley-wheat) were studied. 
Leaf segments of plants with flag leaf 
l e ngths ranging from 0.2 - 30 cm (final 
mature flag l .eaf length were cul tured 
independently. Sixty 1 mm segments up from 
the final node were cultured and maintained 
on LMl medium with 2 mg/l 2,4-D. 
In both wheat and Tritordeum all 
inflorescence sheath leaves showed the 
ability for callus formation, with the 
maxjmum response up to 5.5 cm for wheat and 4 
cm for Tritordeum. 
For plant regeneration calli were transferred 
t o MS medium with 0 . 5 mg/l 2,4-D and 1 mg/l 
BAP. After one month gre e n plants were 
obtained from sorne cultures. 
Protoplasts have been isolated from leaves 
identifi e d as being able to proliferate. Data 
fr om thes e experiments will be presented. 
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MOLECULAR EFFECTS OF UV-C IRRADIATION ON PLANT DEVELOPMENT 

J.L.Campos+, A.F.Tiburcio+, E.Mansur+, X.Figueras+, C.Cae lle s * 
I.Claparols*, Mª T.Piñol+ and A.Boronat*. 

Unidad de Fisiología Vegetal+ y Unidad de Bioquímica*, Fac. 

Farmacia, Universidad de Barcelona; 08028 Barcelona, C.I.D.*

C.S.I.C., J.Girona Salgado, 18-20, 08034 Barcelona. 

The retardation of growth and fl owering after UV-C (254nm) 

irradiation was previously reported in Nicotiana rustica (Tibu r

cio et al 1985). The irradiation with UV-C induced an accumula

tion of carotenoids with a simultaneous decrease in the chloro

phyll (Chl) content. Analy sis of putrescine-deriv ed alkal o id 

levels revealed the existence of a "simulatory" effect induced 

by the UV-C treatment. In addition irradiated leaves showed 

specific changes in the protein pattern (Tiburcio et al 198 5 ). 

In current experiments, we are investigating the effe ct o f 

UV-C irradiation in Arabidopsis thaliana. The irradiated plants 

show a decrease (about 2-fold) in fresh weight. This effect can 

be correlated with the decrease in the expressi on of a tubulin 

gene. Analysis of Chl content reveals a decrease in Chl ~ 

(about 3-fold), without significant changes in Chl a. In 

contrast, carotenoid levels increase about 2.5 fold. The 

increase in the carotenoid content is correlated with the induc 

tion of HMG-CoA reductase gene, thought to play an important 

regulatory role in plan t is:oprenoid biosynthesis (Cae lle s et al . 

1989). The UV-C treated plants also show a dramatic increa se i n 

the polyamine con ten ts, especially the free and the hydroxy

cinnarnic acid conjugated forms of spermidine and putrescine. we 

are also trying to correlate this effect with changes in the 

expression of the phenylpropanoid pathway genes (PAL,4Cl,CHS). 

Preliminary analysi s of total proteins of leaves rev eals changes 

in the banding pa ttern wi th respect to control leave s. 

References 

- 'Iliburcio A.F. (Resmren de la Tesis DcctoralJ. Uniy . :Bal'ce l ona , r;::i . 1-23 . 

- Ti.burcio A.F.; P.i.ñol M.T. andSerrano M. (1 985) EnrivmExpBot 25, 203- 210. 

- Caelles C., BalcellsL., FerrerA., HegardtF.G. andBoronatA.(1 989 )Pl ant . M. B. 
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OEVELOPMENT ANO SENESCENCE IN PEA OVARIES. 

PROTEOLYTIC ACTIVITIES ANO PLANT HORMONES. 

J . Carbonell, P . Carrasco, Y. Vercher & M. Cercós 

Inst . Agroquímica y Tecnología de Alimentos, CSIC (JC, YV & MC ) 
Oep . Bioquímica y Biol. Mol ., Univ . Valencia, Valencia, Spain . 

Unpollinated pea (Pisum sativum L., cv Alaska) ovaries have 
been used to study compara tively deve l opment and senesce n ce 
processes . Unpollinated ovaries stop growing at about two days 
post anthes is and one day l a te r ini ti a te a senescence process 
characterized by: a) degene rative changes in the structure of 
the endocarp and mesocarp cel ls, b) i n c r eased spermine leve ls, 
c) the presence of new n e utral proteolytic ac ti v i ti es, and 
d) the loss of the abili ty to develop in r esponse to gib
berellic acid (GA3) treatment . However the senescence prog ram 
of the ovaries can be changed to a development program ei ther 
by natural pollination (producing fruits with seeds) or by the 
addition of p l ant growth regulators ( producing parthenocarpic 
fruí ts , i . e ., wi thout seeds) to the ovar i es . Fruí ts ob tained 
wi th GA3 are apparent l y identical in morpho l gy and structure 
to those obtained by pollination so have been used to study 
fruit development. Oevelopment is characterized by a) differen
tiation of endocarp and enlargement o f mesocarp ce lls, b ) low 
spermine levels, and c) the absence of the neutral proteolytic 
activities observed in senescent ovaries. Proteolytic activity 
in pea ovaries have been studied t ·y the hydrolysis of endo
genous (ribulose -1, 5- bisphosphate carboxylase oxygenase) and 
exogenous ( ge l at .in , azocase in and others) subs trates . Gelatin 
films have also been us ed for l ocalization exp e riments. 
Increase in sorne proteolytic activit i es , mainly endopeptidases, 
and the presence o f new proteolytic ac t iv i ti es in senescent 
ovaries (one of them l ocali zed in the endocarp) and the absence 
of these events after GA3-treatment of the unpollinated ovaries 
suggest that contro l of proteolytic act i vi ty plays a k ey r o l e 
i n pea ovaries during fru í t set and that plant h ormones a re 
invo lved in that contro l. 

References 

Vercher Y, Molowny A, Carbonell J (1987) Physi ol Plant 71 : 302 
Carrasco P, Carbonell J ( 1988) Physiol Pl a nt 72 : 610-616 
Varcher Y, Carrasco P , Carbonell J (1989) Physiol Plant 76:405 
Carbonell J, Navarro JL ( 1989) Planta 178: 48 2 - 487 
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ldentification of "plHslid ribosomHI protein wich shows no 
homology wHh ony bHcteriol ribosomol protein. 

P. Carol : Laboratoire de biologie moléculaire végétale, Université Joseph Fo1Jrrier BP 53 X, 
F- 38041 GRENOBLE CEDEX, FRANCE. 

The chloroplast possesses it's own translational apparatus that translates 
plastidial messenger RNA$ . 

Ri bosomel RNA ( rRNA) endone thi rd of plastidial ri bosomel protei ns are encoded 
on the plastidial genome while the remaining proteins are encoded by the nuclear genorne, 
eynthes1zed 1 n the cytoplasm and 1mported1 nto the plast1d. 

The bicompartimental ori9in of the plastidial ribosomal components implie9 the 
tu ni ng of thei r accumulation. A recent study shO'w'ed that the accumulation of the plastid 
ri bosomal component' ~tart earl y duri ng seed germi nation in e non-9ynchronous wey . lt ¡, 
probable that the nuclear genes codi ng for plastidial ri bosomal protei ns are under a 
developmental rather than a light regulated control . 

Although nuclear encoded, most ofthese genes are clearly related to procaryotic 
(such as E. coli) genes, i11 ustrati ng the procaryotic origi n of plastids . 

We present here the cDNA codi ng for a spi nach plastidial ri bosomal prote1 n named 
CS- LA The protei nis associated with ri bosomal large subunit , has been purificated by HPLC 
~nd characterised by N-terminal sequencínQ. The sequence show$ no hornology to any ~or 
B. ~tearotermophil us known ri bo3omal pro\ei n and presenta homology with a ri bosomal protei n 
al 3o identified in pea . 

A compar1son between sp1 nar;t1 and pea cDNA of es- LA 3t1ows a relat1 ve h1gh 
óivergence in ~equence . A hybrophobic clu,ter eneliJ'i' ~how' lhe coMervehon of the 'econder9 
>truclure 3uggesting that this ribosomal protein is involved in the general architecture of 
plast1d r1 bosomes. The CS-LA transit pept1de 13 more closel y related \o it's homologue 1 n the pea 
than to the transit peptide of other spi nach plastidial ri bosomal protei ns . 

The relatível y high divergence between trie t1ornologous protei n ~ in pea ilfld 
3pinach suggests a high evolutionary rale which could explain the lar;k of homolog1J with di stant 
organisms $UCh as E. coli. 

To i nvestigate the possi ble role of tt1e protei r1 es -LA in p 1 as ti d ri boso mes. 
traMgenic plant' deregulated in \he production of C:3- LA, tobacco plan!$ overproduci ng the 
protein or, producing an anti-sense RNA, A. thaliana producing an anfoense RNA, ilre tu be 
co nst r ucted. 

We essurne that plants 1¡,1hich are affected in the expression of one pla$1ld1al 
ribosomal protein will show an abberrant development especially during eeed germinatior1 ~nd 
pla$tid differenciation. 

Fundación Juan March (Madrid)



52 

MOLECULAR CHARACTERIZATION OF "IN VIVO" AND "IN VITRO" REJUVKNATION IN FILBERT 

Díaz-Sala, C.; Rey, M. ; Rodríguez, R. 

Unidad Fisiología Vegetal. Fac. Biología. Univ. Oviedo. 33005 Oviedo. Spain. 

Maturation and aging seem to be responsible of the morphogenic 

potencial decline founded for the most of the woody species. As is common, 

micropropagation pathways founded in filbert (Corylus avellana L.) are linked 

to t he aging and phase- change; situations that may be, at least, exogenously 

manipula ted and, probably, reversed . The fact that "in vi tro" subcul tu res and 

s evere prunning of trees may favour rejuvenation , resulting in an increase in 

micropropaga tion success, was analyzed based on the characterization of "in 

vi tro " morphogenic capaci ti es and molecular differences among mature clones, 

embryonic clones, "in vitro" p lantlets from mature clones after severa! 

subcultures and matur~ clones after several prunning. The current status of 

micropropagation pathways of filbert can be summarized as follows: 

a.- Embryonic clones were able to yield a good rate of shoot proliferation, 

rooting rates and ca llus induction in a defined media. By changing the 

cytokinin/auxin ratio embryoid induction and plantlet regeneration was 

achieved. b.- With mature clones a reduction in the morphogenic pathways was 

always present. The impact of high concentrations of cytokinin during the 

fir st subcu l tures favoured the establishment of cycloclonal lines . Subsequent 

subcul t ures on comp lex media may favour shoot proliferation and rooting rates 

in rnature tissues . c. - "In vitro" plantlets from mature clones af"ter severa! 

subcul tures may be ha ve qui te simi larly to those deri ved from seedlings. d. -

Wi t h mature clones after two time severe prunning a decrease of culture period 

and cytokinin concentration were necessary for culture establishment. 

Total proteins electrophoresis in all the material assayed reveals 

t he existence of specific polipeptides tnat can be correlated with the 

c hr onological stage of the plant material. Polyamine ti ters may al so be in 

r e l a tion wi t h the variation of the morphogenic capacities. 

a nd t he ir methy l ation patterns may a lso he lp to explain 

beha v iour of diff erent p lan t tissues. 

DNA purification 

the "in vitro" 
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CLONING OF cDNA AND CHROMOSDMAL LOCATIDN OF GENES ENCDDING THE 
THREE TYPES OF SUBUNITS OF THE WHEAT TETRAMERIC INHIBITOR OF 
INSECT a-AMILASE 

1 
Federico García Maroto , Carmen M ara~a 

1, :3 
, Monta~-ía Mena 

l ,2 
Francisco García-Olmedo and Pilar Carbonero 

2 

Cátedra de Bioquímica y Biología Molecular, 
2 

E.T.S. I ngeniei-os 

Agi-ónomos-UPM, Madi-id, Spain; Centro Nacional de Biotecnología, 
3 

Madrid, Spain; Vrije Universiteit Brussel, Laboratory of Viral 

Genetics, Rode, Belgium. 

We have characterized three cDNA clones corresponding to 
proteins CM1, CM3 and CM16, which represent t he three t y pes of 
subunits of the wheat tetrameric inhibito r of i nsect a-amilases . 
The deduced amino acid sequences of the matur e polypepti des are 
homologous to those of the dimeric and monomeric a-amilase 
inhibitors and of the tr y psin inhibitors. The mature 
pol y peptides are preceded by typical signal peptides. Southern
blot analysis of appropriate aneuploids, using the cloned cDNAs 
as probes, has led to the location of genes for subunits of the 
CM3 and of the CM16 type within a few kb of each other in 
chro~osomes 4A, 4B and 4D, and those for the CMl type of subuni t 
in chro mo somes 7A, 7B and 7D. Known subunits of the tetramerl c 
inhibitor corresponding to genes from the 8 and D genomes ha v~ 

been prev iousl y characterized . No proteins of this class have 
been found to be encoded by the A genome in he xaploid wheat 
Cgenomes AA,BB,DDl or · in diploid whe a t s CAAI a nd no anti a 
amilase activity has been detected in the latter, so that the A
genome genes must be either sil e nt Cpseudogenesl or expressed at 
a much lower level. 
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A TOMATO cDRA CLONH IRDUCHD BT ABSCISIC ACID AliD 
OSMOTIC STRESS. J.A. Go<loy. S. Torres-Schumann, O. del Pozo y J.A. 
Pintor -Toro. Inst. de Recursos Naturales y Agrobiología. CSIC. Avda. Reina 
Meroodes, s/n. Aptdo. 1052. 41oao Sevilla. 

A cDNA clone (TAS 15) was isolated by dif1erentia.1 hybridi2ation of 
a cDNA library consttucted trom NaCl- and absclsic add- (ABA) treated 
tomato seedlings. TAS 15 mRNA is accumulated in 5"ds and in ABA-, 
NaCl- and manitol-treated seedlings, While it is not present in cold
treated, wounded or non-sttessed seedlings. Hydroponically grown plants 
also accumula~ TAS 15 mRNA in roots, stems and leaves upon addition of 
NaCl or ABA to tlle nutrient solution. The TAS 15 nucleotide sequence 
sho-ws an open reading trame that codes for a 14 Kd, glycin-rich and 
bigh.ly hydrophilic polypeptide. The aminoaeid sequence predi~ for 
TAS 15 product sho"W'S similarities \o\o"itll rice RAB2 1, cotton LeaD 11 and 
some barley dehydrins genes products. The "in vitro• translation product 
of TAS 15 hybridization-selected RNA shows a mobility in IEF/SDS PAGE 
similar to tbe non-ph0sphorylated form of a previously observed ABA
and NaCl-induced phosphorylated polypeptide. 
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WHEAT MONOMERIC INHIBITORS OF INSECT ALPHA-AMYLASES 

Luis G6mez, Rosa Sánchez-Monge, Carlos Lopez-Otin (*), Gabriel 

Salcedo. 

Departamento de Bioquimica y Biologia Molecular,E.T.S. Ingenieros 
Agrónomos, 28040-Madrid and (*)Departamento de Bioquimica, Fac. 
de Medicina, Universidad de Oviedo, Spain. 

A major fraction of the albumins and globulins of wheat and 

barley endosperms is represented by a protein family which 

includes inhibitors of heterologous alpha-amylases and of 

trypsin. This family is receiving an increasing attention because 

of i) its possible role in plant protection, ii) its relationship 

with flour technological properties, iii) its allergenic effect 

in baker's asthma disease and iv) its potential as a model to 

investiga te structure/activity relationships in an 

enzyme/inhibitor system. 

Wheat inhibitors of heterologous alpha-amylases can be 

classified into monomeric, dimeric and tetrameric forros based on 

their degree of aggregation. Although considerable information is 

available concerning the last two classes, only one monomeric 

inhibitor has been so far characterized. 

In this communication we report the isolation and 

characterization of the four major monomeric inhibitors from 

hexaploid wheat as well as the chromosomal location of their 

corresponding genes. We also report the "in vitro" effect of the 

most abundant inhibitor on amylase activities from diverse 

agricultural insect pests. 
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"E1pression of lycopersícon esculentu111TAS 15 gene in abscisíc 
acid- responsive protoplasts from tomato". 

luan lordano. Jose Antonio Godoy and José Antonio Pintor-Toro. Instituto 
de Recursos Naturales y Agrobio1ogía, C.S.I.C. Apartado l 052. 41O12 
Sevilla, SPAIN. 

TAS 15 is a cDNA expressed in tomato plants in response to abscisic 
acid r ABA) and to salt (NaCl) and osmotic (i.e. manitoJ) stress. In addition, 
TAS 15 is expressed in tomato dry seed, and the sequence of the putative 
protein coded by TAS 15 shows similaritíes with the rice rab21 (Mundy 
and Chua. 1988) and other maize (Gómez et a/. 1988; M. Pages, personal 
communication) cotton (Baker et a/. 1988) and barley (Oose et al. 1989) 
Late Embryogenesis Abundant (LEA) plant genes (Godoy et al in 
preparation ). 

We report here results from preliminary experiments showing the 
that TAS 15 gene is expressed in response to ABA in protoplasts prepared 
from tomato calli . In addition we have started setting the conditions for 
transient expression of chimeric bacterial 13-glucuronidase (GUS) gene 
fusions in these protoplasts . Once fully developed, this experimental 
system will allow us the functional díssection of the TAS 15 hormone 
response control mechanisms. 

Baker. J., Steele, C. and Dure 11 I. L. ( 1988 ). "Sequence characterization of 6 
Lea proteins and their genes from cotton". Plant Mol. Biol. l.L 277-291. 

Close. T. J. Kortt , A. A. and Chandler, P. M. (1989). "A cDNA-based 
comparison of dehydration-induced protein (dehydrins) in barley and 
corn". Plant Mol. Bíol. li 93-108. 

Gomez. J .. Sanchez-Martinez, D., Stiefel. V .. Rigau. J., Puigdomenech. P. and 
Pages. M. ( 1988). "A gene induced by the plant hormone abscisic acid in 
response to water stress encodes a glycine-rich protein". Nature 13..f. 
2ó2-261 . 

Mundy . J. and Chua. N. H. ( 1988). "Abscisic acid and water-stress induce 
the expression of a novel rice gene". The EMBO J. L. 2279-2286. 
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THE STORAGE PROTEINS OF Coix lacryma-jobi. 

Adilson Leite, Laura M.M. Ottoboni, Marcio J. da Silva, Silvia R. Turcinelli 

Paulo Arruda. 

Centro de Biología Molecular e Engenharia Genética, and Departamento 

de Genética e Evolu~ao, Universidade Estadual de Campinas, 13081, Campinas, 

SP, Brasil. 

The endosperm of seed of Coix lacryma-jobi var. Adlay contains ca. 20% 

protein. Amino acid analysis revealed that protein fractions from Coix 

endosperm has the typical composition of Panicoideae endosperm. The 

major component is a prolamin known as coixin. It is rich in proline 

and leucine and poor in lysine. The Coix protein fraction obtained by 

extraction with 90% isopropanol consists of four protein classes with 

molecular weights of 27(Cl, 8%), 25(C2, 56%), 17(C4, 4%), and 15(C5, 

12%) kDa. Since these four coixin bands have the same solubility properties 

as a-zeins, they are referred to as a - coixins . The fraction extracted 

wi th 60% isopropanol containing 1% 2-ME , y-coixin, contains one major 

22kDa protein (C3) corresponding to 15% of total coixin and a minor 

component of 15k0a. This coixin fraction has similar solubility properties 

to y -zein. Isoelectric focusing ( IEF) of coixin resol ved seven major 

protein bands. Analysis of the individual IEF bands by SDS-PAGE and 

immunoblotting, using rabbi t antibodies raised against C2 and C3, indicate 

an e ven greater complexi ty wi th a total of 1 7 proteins being detected. 

Polyclonal antibodies raised a:gainst Cl recognize Cl and C2 and cross

react strongly wi th the 22kDa a -ze in, as d id C4 and C5 antisera. The 

antiserum against y -coixin showed strong cross-reaction with y -zein . 

The Coix genome shows complex cross-hybridization sequences with the 

22kDa a -zein cDNA, while no cross-hybridization was observed with the 

19kDa cDNA clone. The cDNA representing -the 28k0a y -zein cross-hybridizes 

wi th only one band of Coix genomic DNA; in contrast to the tree bands 

observed in maize. This same Coix sequence also cross-hybridizes with 

the cDNA clone representing the 16k0a y -zein. cDNA clones coding for 

a-coixin, were isolated from a cDNA library constructed from protein 

body associated mRNAs. 
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FUNCTIONAL STUDIES OF PLANT 

HISTONE GENE PROMOTERS 

LEPETIT Marc, HAHNE Günther, ATANASSOVA Rossitsa, 

CHAUBET Nicole, EHLJNG Martine and GIGOT Claude 

INSTITUT DE BIOLOGlE MOLECULAIRE DES PLANTES DU C.N.R.S. 

12 rue du général Zimmer 67084 STRASBOURG Cédex 

The promoter regions of five genes encoding histone H3 or H4 of maize 

(H3C4, H3C3, H3C2, H4C7 , H4Cl4) and Arabidopsis (H4A748, H4A777, H3A725, 

H3A 713) have been smdied by transient expression of a reporter gene in protoplasts. 

Vectors containing the 35S-CAT gene as internal control and the GUS gene 

under control of the histone promoter were introduced into tobacco protoplasts by PEG 

mediated direct transfer. 

In tobacco protoplasts, Arabidopsis promoters very actively drive the 

expression of the GUS reporter gene. Among the maize histone gene promoters, sorne 

are less active than the Arabidopsis promoters and one of them was found to be inactive. 

th at : 

These results compared with the expression of the same genes in the plant show 

- histone promoters can be active in maize but not during transient expression in 

tobacco 

- histone genes can be non-expressed in the original plant but promoters can be 

active during transient expression in tobacco 

- most of histone promoters are active both in the original plant and during 

transient expression in tobacco. 

Different regions of the H4C7 (from maize) and H4A 748 (from Arabidopsis) 

promoters were deleted and the efficiency of the truncated promoters was tested by 

transient expression in tobacco protoplasts. Sorne regions seem to play a regulatory role, 

one as a silencer and the second as an activator. To confirm this model, experiments 

using site-directed-mutagenised promoter are in progress. 

Experiments are carried out to study histone promoter activity in transgenic 

tobacco and Arabidopsis. 
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ANALYSING THE ROLES OF PHYTOCHROME IN PLANT DEVELOPMENT 

Ló12ez-Juez, ~- (1)' Vicente, f· (1)' Wesselius, J.C. (2) and 

Kendrick, R.E. (2). 

(1) Lab. Plant Physiol., Fac. Biology, Complutense University, 

28040-Madrid, Spain. (2) Plant Physiological Research, 

Agricultural University, Wageningen, The Netherlands. 

Phytochrome, a plant photoreceptor, controls many aspects 

of plant development. It is involved in gene expression related 

to greening. It is capable of perceiving shade-light quality, 

and evoking the shade-avoidance reaction of growth. 

As it is known that photosynthesis is drastically modified 

under shade-light, we have checked the possible participation of 

phytochrome in these responses. Induction of a shade-type 

phytochrome status (low phytochrome photoequilibrium) results in 

change in growth pattern in clover plants, but photosynthesis is 

not strongly altered. This might mean that phytochrome has 

separate functions during chloroplast biosynthesis, and during 

chloroplast adaptation to shade light (lack of control in this 

second case). We ha ve examined that possibility using 

photomorphogenetic mutants. 

A tomato au mutant, defficient in light-labile or type I 

phytochrome, shows 

but fully exhibits 

photoequilibrium. 

problems for greening throughout plant life, 

a growth response to altered phytochrome 

On the other hand a cucumber lh mutant, 

probably defficient in light-stable or type II phytochrome, has 

a normal type of photosynthetic machinery, but is unable to 

respond to altered photoequilibrium (it behaves as in permanent 

null photoequilibrium) . 

We therefore propose separate roles for both phytochrome 

forms, type I being active in gene expression and greening, and 

type II evoking the shade avoidance reaction. Nevertheless, 

results obtained by others on plants with transgenic 

phytochrome, indicate that both types might interact. 
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Petunia hybrida GENES RELATEO TO THE MAIZE C1 REGULATORY GENE ANO 

TO ANIMAL Myb PROTO-ONCOGENES: MOLECULAR CLONING (cDNA) ANO 

CHARACTERIZA TION .. 

J. Avi/a, e .Nieto, L. Cañas, J. Paz-Ares. 

Centro de Investigaciones Biologicas-CSIC, Velazquez 144,28006 Madrid. SPAIN. 

The C1 gene of Zea Mays is a regulatory gene of the anthocyanin pathway 
which is part of a multigene family characterized by encoding proteins with homology 
to the DNA-binding domain of animal myb proto-oncoproteins. The presence of this 
family of myb-related plant genes has only been reported thus far in maize and barley 
monocotiledonous plants. 

The aim of this study was to search far and characterize myb-related genes 
of Petunia hybrida , a dicotiledonous plant which can be readily transformed and 
regenerated. Far this purpose, a flower specific cDNA library was screened using as 
a probe a mixture of 20-mer oligonucleotides corresponding to a strech of seven 
amino acids totally conserved in all known MYB-related plant proteins. three different 
petunia cDNAs were isolated . Sequence analysis of these cDNAs indicate that they 
correspond to genes encoding proteins (MYB.Ph1 , MYB.Ph2 and MYB.Ph3) which 
include a MYB-homologous domain at their N-terminal regions. No additional 
homology regions with any other MYB-related protein were encountered. However, 
acidics domains present towards the e-terminal part of all MYB-related monocot 
proteins are observed at similar positions in MYB.Ph2 and MYB.Ph3 indicating further 
structural similarities among all these proteins. Acidic domains at the C-terminus of 
MYB.Ph1 protein have not been encountered yet, perhaps due the the fact that the 
available sequence is incomplete at this regían of the protein. Protein analysis after 
subcellular fractionation and "in situ" inmunolocalization experiments with MYB.Ph3 
specific antibodies indicate that MYB.Ph3 is a nuclear protein. 

Structural organization of all known MYB-related plant proteins, containing a 
putative DNA-binding MYB-homologous domain and an acidic putatively activator 
domain, resembles that of transcriptional activators. This fact suggests that 
myb-related plant genes play a regulatory role at the transciptional level, as it has 
been shown far the maize C1 regulatory gene of the anthocyanin pathway. The 
nuclear location of MYB. Ph3 protein further supports this posibility. However, dueto 
the divergence in sequence among the different members it can not be anticipated 
whether or not all they will regulate the same biosynthetic pathway. The clones 
described here may shed light on this point. 
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EARLY KINETIN INDUCED IN VITRO POTATO TUBERIZATION MARKERS 

Pelacho, A.M.l, Mingo-Castel, A.M. 1 and Puigdoménech, P. 2 

Depto. Producción Vegetal, E.T.S.I. Agrónomos Lérida (UPC), 

Rovira Roure 177. 25006 Lérida (1). Depto. Genétic a 

Molecular, Centro de Inv. y Desarrollo (CSIC), Jordi 

Girona, 18. 08034 Barcelona (2) 

To study tuber initiation we chose an in vitro stolon 

tuberizing system which can be triggered on by addition of 

2.5 mg/l kinetin to the culture medium, in the dark. This 

system produces physiologically normal tubers. First 

swellings are visible after 14 days in culture. 

As a mean to monitor early stages of kinetin induced tuber 

initiation, attention was focused on the appearance of 

cytological and biochemical parameters, which can be used 

as specific markers. 

Starch synthesis and cell division were detected on the 

fourth day. Patatín and proteinase inhibitor II were 

detected on the eleventh day by labelled ssDNA 

hybridization from field tuber cDNA recovered pUC8 clons 

after subapical region RNA Northern blotting. This further 

establishes the biochemical normality of the in vitro, 

kinetin induced, tubers. 
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SOMATIC EMBRYOGENESIS IN CITRUS LIMONUM.A SIMPLE REPRODUCIBLE 
MODEL FOR DEVELOPMENTAL STUDIES IN WOODY PLANTS. 

Abel Piqueras Castillo and Eladio Hellín Sáenz. 
UEI 3 Centro de Biología y Edafología Aplicada del Segura (CSIC) 
P.O.Box 195, 30080 Murcia 
SPAIN 

Embryogenic cultures were initiated from nucellar 
Citrus limonum on a basal medium supplemented with the 
and two carbon sources galactose and sucrose. Culture 
in ilumination and in the dark were also tested. 

tissues of 
auxin 2,4-D 
conditions 

Nucellar tissues were exposed to severa! levels of 2,4-D and 
sucrose as carbon source for an induction period of four weeks 
half of the tissues were kept in the dark followed by a 
second culture period in ilumination but with sucrose or galactose 
to test embryo production.Callus surface and % of embryiogenesis 
were estimated. 
Differences were observed between levels of 2,4-D and control 
medium, being somatic embryogenesis inhibited by levels of 2,4-D 
higher than 0.1 mg/l and the use of sucrose instead of galactose 
in control medium. Embryogenesis was increased when galactose was 
used in absence of 2,4-D as carbon source. 
For plant regeneration somatic embryos were transfered to basal 
medium supplemented with 1.0 mg/l of GA3. 
This nucellar tissue -somatic embryo-plant model is simple and 
easy to reproduce and control! at severa! levels of plant 
tissue diferentiaton and it is because of that we think it could 
be a valuable modell for studies on woody plants developmental 
Biology. 
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PROTEDLYTIC ACTIVITY IN THE STEM CAMBIAL REGION OF PINU5 

SILVESTRIS L. - A CONTRIBUTIDN TO THE SPECIFIC DIFFERENTIATION OF 

SECONDARY XYLEM AND PHLOEM. 

Krzysztof J. Rakowski, Tomasz J. Wodzicki 

Department of Forest Botan y , Warsaw Agricultural Uni v ersity, 

ul .Rakowiecka 26 / 30, 02-528 Warszawa, Poland. 

ABSTRACT. 

Activity of autolytic proteases was demonst rat ed in fresh tissue 

e x tract from the differentiating secondar y xy lem of stems of 7 -12 

year-old Pi.n.·us· si. l. l.)-'25lr-i.s trees. The proteol y tic activit y was 

absent in tissues of the cambia! region during winter dormanc y. 

It was initiated with the onset of cambia! acti vi t y in spring and 

subsisted during subsequent stages of xy lem different iation. Acid 

protease activity in phloem could be detected onl y after release 

from inhibition by a mac r omolecular inhibitor found in t he 

e x tract. Thus, synthesis of autolytic proteases wit h optimum of 

activity at pH 4.0 o c curs in both the cambial derivative vascular 

tissues ~ Their identity, however, remain s unc ertain, bec.ause a 

d ifferent electophoretic mobilit y of the prot ein s concerned was 

demonstrated. On the other hand, synthesis of inhibitor protei n 

of autolytic ac i d proteases may prove t he 

developmental µ r ogram of secondary phloem-conducting s ystem. 

Proteol ytic activity in the e ;-: tract fr om different i atin•;¡ 

secondar y xy lem was found to be totall y reduced in decapitated 

2-3 year - old segments of the main stem of 4-7 year-old pine trees 

after a few weeks. Simultaneous application of au ~- ~ in ! IAAl i n 

lanolin paste prevented this reduction. Proteol ytic activit y was 

restored within 2 da y s when auxin was applied later, 

original activity had ceased following decapitation. 

after- tt-,e 

An al 01;ious 

responses to decapitation reduced and auxin subsequentl y restored 

cambial xy lem production and e x tractable protei n found i n 

differentiating x ylem were observed. The l atter effects wer e r1o t 

correlated in time with the effects upon the acti v 1tv of 

proteases. The results suggest dependence of proteol v t 1 c 

on the shoot apical control. 
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Isolation of the coding sequence for cytosolic fructose-1,6-bisphosphatase of plants 

Mariam Sahrawy B. and Tristan Dyer. 
Institute of Plant Science Research, Cambridge Laboratory, Maris Lane, 
Trumpington, Cambridge CB2 2JB, UK. 

In plants two FBPase isoenzymes are necessary far photosynthesis to take 

place . One farm, localised in the cytosol, is involved in sucrose synthesis from triase 

phosphates exported from the chloroplasts. The other, faund within chloroplasts, 

takes pan in the regeneration of ribulose bisphosphate in the photosynthetic carbon 

reduction cycle. These enzymes have potentially regulatory roles as their estimated 

activities in vitro are little more than sufficient to account far the observed rates of 

C02 fixation and sucrose biosynthesis. Also, both catalyse a reaction which is 

essentially irreversible. The chloroplastic FBPase cDNA of wheat has been isolated 

and sequenced. The deduced amino acid sequence of this FBPase shows 

considerable homology to the known FBPase sequences of yeast, mammals and 

bacteria. 

In arder to get an amplified DNA fragment with coding sequence far cytosolic 

enzyme, mixed oligonucleotide primers corresponding to two conserved regions of 

the amino acid sequence were used in conjunction with wheat and patato cDNA 

as templates in the polymerase chain reaction (PCR). Gel electrophoresis of the 

amplified sequences shows that severa! oligomers are synthesized, with two or three 

of the expected size of around SOObp. Cloning and sequencing these amplified 

DNA fragments will allow the determination of which oligomer has the cytosolic 

FBPase sequence, and this will then used as a probe to find the complete coding 

sequence of the cytosolic enzyme in a cDNA library. In addition a cDNA epression 

library in gt11 will be screened using polyclonal antibodies raised against the 

cytosolic FBPase. 
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MOLECULAR CHARACTERIZATION OF SUCROSE SYNTHASE GENES IN WHEAT ANO BARLEY ANO 

ITS EXPRESSION IN RESPONSE TO ENVIRONMENTAL FACTORS 

P. Sánchez de la Hoz, J . Moreno, C. Maraña, F. García-Olmedo and P. Carbone ro 

Catedra de Bioqufmica y BiologTa Molecular. Escuela Ticnica Superior de 

Ingenieros Agrónomos. Universidad Pol iticnica de Madrid. Ciudad Universitaria. 

28040 Madrid. Spain. 

The enzyme sucrose synthase (EC 2.4.1.13) catal yzes the reversible ele~ 

vage of sucrose into UOP-glucose and 0-fructose . Th i s is a key enzyme in 

starch biosynthesis in cereal kernels and consequently plays an important 

role in the yields of these important crops. 

cDNA clones corresponding to two types of sucrose synthase genes have 

been isolated and characterized from developing wheat endosperm l ibrary. 

Using the inserts of these clones as probes in Southern blot analysis of the 

appropriate genetic stocks, l inked genes of the two t ypes have been assigned 

to the short arms of chromosomes 7A, 7D and possibly 7B In wheat, and to 

chromosome 7H in barley. 

Using the wheat cONA clones as heterologous probes, both a cDNA anda 

genomic l ibrary from barley have been screened and the isolated clones are 

being characterized. The barley cDNA clones have been classified also into 

two types on the basis of their relative abil ity to hybridize with the pro

bes and their restriction maps. A genomic clone cor responding to the ~ 

type, is actually being sequenced with a special emphasis placed in the pro

meter characterization. 

The expression of the two types of sucrose synthase genes, ~ and ~. 

in hexaploid wheat (Triticum aestivum, L.), has been investigated using t ype

specific probes corresponding to the 250-270 bp e-terminal portions of the 

respective cONA clones . Both types of genes are highly expressed in develo

ping endosperm. Express ion of ~genes is lower in etiolated leaves and in 

roots, where Ss1 mRNA is much more abundant than Ss2. In these tissues , Ssl 

mRNA sharply increases in response to anaerobios is and to cold shock (6 º C), 

while the level of Ss2 mRNA is not significantly affected . Upon lllumina

tion of etiolated leaves, Ss1 mRNA decreases significantly while Ss2 mRN A 

increases. 
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IMMUNOLOCALIZATION OF PLANT NUCLEAR PROTEINS DURING SOMATI~ 

EMBRYOGENESIS AND POLLEN GRAIN DEVELOPMENT 

Sánchez-Pina, N.A.; Kieft, H.*; Schel, J.H.N.*; Testillano, P.s ; 

& Risueño, M.C. 

Centro de Investigaciones Biológicas, CSIC, Velázquez 144, 28001· 
Madrid, Spain. *Dept. Plant Cytology & Morphology, Agricultura 
Univers ity, Arboretumlaan 4, 6703 BD Wageningen, The Netherlands 

Somatic embryogenesis and pollen grain development are twcj 

ideal developmental processes to study the nuclear proteins due tq 

the striking nuclear activity changes taking place during them. 

Nuc lear proteins, as mole c ules involved in the regulation o~ 

differential gene expression, play a main role in nuclea~ 

differentiation. Despite that, they are scarcely known, especially 

in plant cells. 

We have done an immunocytochemical study at the L.M. and E.M. 

l eve ls to detect three kind of nuc l ear proteins: Small nuclea:tj 

ribonucleoproteins (snRNPs), nuclear matrix proteins and nucleolan 

proteins using different monoclonal and polyclonal antibodies. Th~ 

material used were somatic embryos of Daucus carota L. and anthers oíl 

Scilla peruviana L. and Capsicum annum L. after cryoprotection, 

cryofixation in liquid propane and cryosectioning at -llOQC. 

The protein localization pattern after immunogold labeling can 

be very well corre lated with the immunofluorescence one in bot!i 

experimental systems. SnRNPs and nuclear matrix proteins are 

loca lized in the nuc leus by immunofluorescence. Gold labelling form 

like a network inside the nucleus for the snRNPs antibody, while 

it is localized over the condensed chromatin for the nuclear matri~ 

antibody. Nucleoli show immunofluorescence in the case of thEi 

nucleolar antigens, at the EM level they are localized in botJi 

dense fibrillar and granular components but not in the fibrilla~ 

centres . 

The immunolocalization of these antigens in such differen"lj 

plant systems as well as in animal and human cells indicates th~ 

high leve l of conservation of sorne epitopes in nuclear protein~ 

throughout the evolution of eukaryots which should mean that the~ 

have very basic and important roles in nuclear functions. 
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MOLECULAR APPROACHES TO TOMATO DEVELOPMENT 

R. Simon, S. Knapp, Y. Larondelle, R. Meissner, Claus Ro~bach, P. 
Starlinger, E. Tillmann and K. Theres 

Isolation of Apex-specific Genes 

In the shoot apex of a higher plant new pathways of development 
like flower- or leaf-formation are initiated and sets of formerly 
silent genes are activated during this process. We have tried to 
isolate apex-specific genes by differential cDNA-hybridization 
techniques and by comparison of 2D-Protein gels. By transforming 
tomato and tobacco plants with vectors that express isolated 
cDNA-clones either in sense or in antisense orientation we try to 
obtain mutant plant phenotypes that should be valuable for 
understanding the function of the genes. The tissue specificity 
of the genes is investigated by RNA-in-situ hybridization and by 
plant transformation experiments with promoter-marker gene 
fusions. 

Gene taqginq in tomato 

A gene tagging system in tomato was set up to isolate molecularly 
genes of known developmental mutants. As no endogenous 
transposable elements are known in tomato we employed th Ac/Ds 
system of maize. By T-DNA mediated transformation various Ds
elements are introduced into the tomato genome. The genomic DNA 
sequences flanking the T-DNA insertion are isolated by the 
inverted polymerase chain reaction. These probes are then used in 
RFLP-mapping experiments to determine the integration sites of 
the (inactive) Ds-elements in the chromoso~es . Tomato lines that 
carry a Ds-insertion in proximity to a known locus are crossed to 
plants harbouring a transactivating Ac that may now enable the 
Ds-element to transpose to a closely linked site. Plants that 
have the Ds-element integrated into the gene of interest will 
exhibit a mutant phenotype after selfing or crossing to an 
already existing mutant plant. The presence of Ds sequences 
allows the fast and easy cloning of the tagged gene. 
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FLORAL DEVELOPMENT ANO TRANSMISSION GENETICS IN SOMATIC HYBRIDS 
OF NICOTIANA OBTAINED BY MICROFUSION OF DEFINED PROTOPLASTS FROM 
MALE FERTILE ANO MALE STERILE FORMS 

* G. Spangenberg , M. Osusky, E. Freydl, J. Nagel, M. M. Oliveira 
and I. Potrykus 

Swiss Federal Institute of Technology, Institute of Plant Science 
CH 8 092 Zürich , Switzerland, * Departamento de Biologia Vegetal, 
Faculdade de Ciencias , Lisboa, Portugal. 

Soma tic hybrid/cybrid plants produced by one-to-one electrofusion 
of defined selected protoplast + protoplast and protoplast + cy
toplast pairs (microfusion) of male fertile N. tabacum and cyto
plasmic male ster ile tobacco alloplasrnic lines and microculture 
of the fusion products were analyzed for their organel lar and 
nuclear composition. 

The fate of chloroplasts was assessed by streptomycin resistance/ 
sensitivity assay using somatic leaf tissue (R generation) and 
R1 seedlings. For the analysis of mitochondria2 (mt) DNA, species 
specific patterns were generated by Southern hybridization of 
restriction endonuc l ease digests of mtDNA and total DNA with DNA 
probes of ~- sylvestr is mitochondrial origin . 

Nuclear fate was characterized by Southern hybridization analysis 
as well as expression assays for the functionality of selectable 
marker genes: npt II (Km resistance) and hph (Hm resistance) pre
viously introduced by direct gene transfer into the parental nu
clear genomes. 

In addition, flower morphology from independent regenerants was 
analyzed by developmental histology and SEM studies on floral 
bud formation and ontogeny of floral organs. 

In this way , transmission genetic analysis concerning organellar 
and nuclear fate as well as effects of nuclear-cytoplasmic inter
actions on flower ontogeny in somatic hybrids/cybrids obtained by 
microfusion of defined preselected protoplasts is reported for 
the first time. 

Fundación Juan March (Madrid)



69 

CONTROL OF GLADIOLUS CORM FORMATION IN TISSUE CULTURE 

Benjamin Steinitz, Department of Plant Breeding and 

Genetics, A.R.O., The Volcani Center, Bet Dagan 50 250, 

Israel. 

Gladiolus propagates vegetatively by virtue of corm 

formation at the base of the shoot and by cormel 

differentiation on tips of stolons. The precocious 

generation of both organs was accomplished in vitre on 

plantlets incubated for one month in a liquid shake 

culture supplemented with paclobutrazol. Paclobutrazol

dependent corm and cormel development could be prevented 

by addition of GA3 to a paclobutrazol-containing 

medium, thereby indicating that paclobutrazol mediates 

its influence by reducing the endogenous GA level . BA 

was found to either promete or inhibit corm formation; 

the mode of response depends on the plants' 

developmental stage and on the cytokinin concentration. 

The dese-response relations for the influence of 

paclobutrazol, BA and GA3 on corm development will be 

presented, and the role of the different growth 

regulators in differentiation of the propagation organs 

will be discussed. 
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MELANDRIUM ALBUM, A MODEL SYSTE:\-1 FOR THE SEX DETERMINA TION IN 

HIGHER PLANTS. 

J. VEUSKENS, D. CIUPERCESCU, D. YE, Y. WU, P. INSTALLE, M. JACOBS and l. 

NEGRUTIU. 

Plantengenetica, Institute of Molecular Biology, V.U.E., Paardenstraat 65, B-1640 St.-Genesius

Rode, Belgium. 

Melandrium al bum (2n= 24), a dioecious species, shows a clear-cut correlation between the 

phenotypic sex and the presence of a pair of heteromorphic sex chromosomes (male : 24,XY 

and female : 24,XX). 

Morphologically, the chromosomes were either metacentrics or submetacentrics. They were 

classified in to three distinct groups : group A cornprising 6 pairs of autosomal metacentrics, 

group B comprising 5 pairs of autosomal submetacentrics and the sex chromosomes X and Y. 

the X chromosome is metacentric (R=l.44) which accounts for more than 14% of the genome. 

The Y chromosome is metacentric with virtually, equal arms (R=l.09) and accounts for 21 % of 

the genome, being the largest of the complemenL The largest autosome accounts for only 9% of 

the genome. 

For the production of haploid planes out of anthers (separation of the X and Y sex 

chromosomes), different parameters such as genocype, pollen stage, cold treatment and culture 

media compounds, were essential for a reproducible yield of embryos. The procedure merely 

increased the number of responsive anthers intea<l. of the number of responsive rnicrospores per 

anther. Most likely, the experimental system allows the recovery of "competent" rnicrospores, 

and this on a medium containing either an auxin or a cytokinin. 

Flow cytometric measurements of the anther-def.ved plants indicated that 90% of the population 

were haploids. 

Also they expressed a female phenotypic sex and whenever analysed cytogenetically, the plants 

exhibited the corresponding female genetic sex (one or two X chromosomes). 

These results are the first ones in a series attempciig to study at molecular, cellular and 

phenotypic leve!, the developmental aspects of se:< deterrnination. 
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SUMMARY 

T. Nelson 

Vale University 

Department of Biology 

New Haven, Connecticut 

(U.S.A.) 
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SUMMARY 

The study o f plant development has recently be e n enric he d b y 
an infusion o f ~ew techniques from genetics and molecul a r bi o 
logy. At the same time, a new generation of scientists has 
become intrigued with understanding how patterns of mol e cul es , 
cells, and organs are formed into plants. With new scie ntifi c 
tools, the beauty of the process of development becomes mor e -
accessible to our appreciation and analysis. 

The lecture course Approaches to Plant Developme nt was en v i
saged as a means of presenting in a concentrated f ormat a 
representative selection of the best in current studies of 
plant development. Formal lectures we re interspersed with 
generous informal discussion time, during which the int e rna
tional mixture of students and lectures exchanged ideas, ask e d 
questions, and generally became bett e r acquainted. 

On the first day, I. Sussex (New Haven, USA) gave an ove rvi e w 
of the development of the shoot and root systems fr o m apical 
meristems. He explained the ad vantag e s of v ari ous types of 
genetic chimeras for the study of me ristem d e rivatives and 
cell-cell interactions. S. Poethig (Philadelphia, USA) and 
M. Freeling (Berkeley, USA) both illustrated sophisticated 
applications of such genetic chimeras . Poethig described his 
work with Teopod (Tp) mutants of maize that shift the r e lati ve 
juvenile and adult phases of development. He used chime ras 
in clona! analyses to show the Tp2 g e ne acts in a cell
autonomous manner, the Tpl gene not. Freeling describe d his 
model for the action of liguleless genes, which normally 
appear to induce a ligule (joint) in the maize leaf in cells 
of a particular age through a signa! diffusing from the 
midrib to the leaf margin. If a mutant sector interrupts this 
diffusion, the ligule in the distal region is displaced. 
M. Delseny (Perpignan, France) presented a useful overview o f 
the distinguishing features of plant genomes, including 
their unfortunate propensity to maintain large blocks of 
repetitive DNA. S. de Vries (Wageningen, The Netherlands) 
summarized his work with glycoproteins released into the cul
ture medium by embryogenic carrot cell cultures. He described 
several of these, including a peroxidase, which are also 
present in normally developing plants in locations suggesting 
roles in normal development. 

The following day, J. Rothman (Cambridge, UK) and J. Modollel 
(Madrid) offered outstanding summaries of research on the 
developmental biology of the nematode Caenorhabditis elegans 
and the fruitfly Drosophila melanogaster, respectively. Th e 
elegance of the molecular genetic approaches described in 
these two talks stimulated much discussion. F. Salamini (Koln, 
FRG) presented a thought-and discussion- provoking model for 
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the phytomeric structure of grasses, in which all vegetative 
and floral parts of the plant are interpreted as variations 
of basic repeating units. He suggested that various barley 
morphological mutants could be interpreted as transitions, 
modifications, additions, or reductions of the phytomer units 
he proposed. J.M.Martínez Zapater (Madrid,Spain) introduced 
the advantages of the Arabidopsis system, and gave examples 
f rom his genetic analysis of flowering control pathways. 
T . Nelso n (New Haven, USA) returned to the maize system 
and presented an analysis of cell diff erentiation in leaves 
using in situ and physiological methods. 

The meeting resumed the following afternoon, after an excur 
sion to beautiful Toledo. A. Spena {Koln,FRG) described a 
means of inducing sectors of tissue with altered hormone 
le ve ls. His approach relies on the activation of a hormone 
gene in identifiable clones of cells by transposable element 
excis ion at defined times in development. The enormous 
potential of this approach generated many ideas for new 
ex periments during the discussion. P. Hooykas (Leiden, The 
Nether lands) reviewed the advantages of the Agrobacterium 
s ystem that i s the standard for generating transgenic plants 
for developmental studies. M. Estelle (Bloomington, USA) 
described the developmental phenotypes of hormone-resistant 
mutants of Arabidopsis. The ease of isolating mutants from 
Arabidopsis (once a screen is devised) is one of the great 
attractions of this system. P. Puigdoménech (Barcelona,Spain) 
presented a study of genes encoding a special class of cell wall 
protei ns (HPRGs) in maize. The HPRG genes are especially 
active near developing vascular centers and after wounding. 
M.Pag és (Barcelona,Spain) closed the course with a tour-de
force analysis of genes and proteins induced by the hormone 
abscisic acid and by water stress. Her study was remarkable 
in its combination of biochemical and molecular biology 
approaches. 

The overall perspective that emerged from this lecture course 
is that only biologists armed with skills and appreciation 
of both classical approaches (developmental morphology and 
genetics) and newer ones (molecular genetics, plant trans
for mation) can hope to answer questions of significance in 
plant development. The clear enthusiasm for this interdisci
plinary point of wiew at the course promises to make the 
field of plant development very exciting in the next few 
years. 
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Fusariosis del gladiolo: un estudio pre
liminar. 

173 Fernández Aláez, C.: 
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Schwab, F. W. Alt, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives. 

It is one of the most important in Europe, 
considering its endowment and activities. 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and scholarships 
far scientific training, 

supporting research studies 
and publishing research results. 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 

International Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their international colleagues. 
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