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Questions and answers about the development of plant leaves 

The primary pathway for carbon and energy uptake by plants is the leaf, an 

organ of utmost importance in agriculture. However, little is known about the genetic 

controls underlying leaf development, in spite of the fact that its biotechnological 

manipulation offers great potential. Although Bateson realized the existence of inherited 

leaf shape variants as early as 1913, genetic investigations did not provide major 

insights into the dissection of leaf initiation and morphogenesis until the last decades of 

the XX century, when a large number of mutimts with abnormally shaped leaves, most 

of them yet to be characterized, were isolated in model systems such as Arabidopsis 
thaliana, Antirrhinum majus and Zea mays. 

Although most plant leaves are simple structures, many developmental processes 

are involved in leaf ontogeny. They include, arnong others, the positioning and initiation 

of leaf primordia at the flanks of the shoot meristem, the specification of leaf identity as 

opposed to that of other organs which are assumed to be modified leaves, ·the 

establishment of dorsal and ventral identities within the organ, the definition of domains 

such as ligule, sheath and blade in sorne monocotyledonous plants, as well as petiole 

and lamina in dicots, the control of cell division and expansion, the formation of 

patterns such as those of venation, trichomes or stomata, the mechanisms responsible 

for the diversity of compound and simple leaves and those that specify heteroblastic 

differences arnong different leaves within a plant. A large body of detailed information 

on what actual! y happens at a morphological leve! is available for most, if not all such 

processes. At the present time, an expanding number of studies on leaf variants 

including molecular and genetic analyses are being published for severa! plant species. 

Thanks to these efforts, answers are beginning to be available to the questions on the 

nature, action and interactions of the genes driving the sequence of developmental 

events that contribute to the making of a leaf. 

W e discussed at this workshop recent progress in the study of genetic 

mechanisms that control the elaboration of plant leaves. The topics covered were the 

specification of leaf identity, the definition of axes and polarities in the formation and 

growth of leaves and different aspects of cell differentiation, pattem formation, phase 

change and heteroblasty. As it can be seen in the following pages, answers to many of 

the above mentioned fundamental questions are corning from the study of specific 

genes, thanks to the enormous progress that has been made in recent years in the area of 

leaf development. 

José Luis Mico! and Sarah Hake 

Instituto Juan March (Madrid)
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The gibberellin pathway mediates KNOTTEDl-type homeobox function in 

plants with different body plans 

Angel a Hay
1
, Hardip Kaur

2
, Andrew Phillips

3
, Peter Hedden

3
, Sarah Hake

1
•
4 

and Miltos 

Tsiantis
2* 

1
Piant and Microbial Biology Dept, University ofCalifomia, Berkeley, CA 94720. 

2
Piant 

Sciences Dept, University ofüxford, South Parks Rd, Oxford OXI 3RB. 
3
IACR-Long 

Ashton Research Station, Dept of Agricultura! Sciences, University ofBristol, Bristol BS41 

9AF. 
4
Piant Gene Expression Center, USDA-ARS, 800 Buchanan Street, Albany, CA 94710 

In Arabidopsis, two KNOX genes, S1M (SHOOTMERISTEMLA'SS) and 

KNATJ(Kli.OTTED-LIKE from &_RABIDOPSIS IHALIANAJ), are expressed in partially 

overlapping domains of the SAM. Transcripts for both genes, however, are excluded from 

incipient leaf primordia, leading to the hypothesis that KNOX gene products are required for 

meristem function whereas their absence is required for leaf initiation {1) (2). Genetic 

evidence supports this hypothesis: loss of function mutations in STM result in a failure to 

initiate or maintain a SAM (2). Conversely, ectopic expression of KNATJ results in the 

formation of meristems on leaves and alteration of leaf shape (3). Recent data suggests that 

certain KNOX misexpression phenotypes may be mediated through growth regulator 

pathways (4) (5). Gibberellins are diterpenoid growth regulators that are important for many 

aspects of plant development including germination, stem elongation and flowering time (6). 

In tobacco the KNOX protein NTH15 represses transcription of Ntcl2, a gene encoding a GA 

20-oxidase required for GA biosynthesis (7). In contrast to species with simple leaves such as 

Arabidopsis and tobacco, the dissected leaves of tomato plants express KNOX genes. This 

expression pattem, combined with the increased leaf dissection obtained by overexpressing 

KNOX genes in tomato, has led to the suggestion that differential regulation of KNOX genes 

may be involved in the generation of dissected leaf morphology (8) (9). Here we discuss the 

role of the KNOX/GA regulatory module in controlling meristem activity in Arabidopsis and 

Ieaflet number in tomate. 

References: 

l. C. Lincoln, J. Long, J. Yamaguchi, K. Serikawa, S. Hake, P/ant Ce// 6, 1859-1876 (1994). 

2. J. A. Long, E . l. Moan, J. l. Medford, M. K. Barton, Nature 379, 66-69 (1996). 

3. G. Chuck, C. Lincoln, S. Hake, Plant Ce// 8, 1277-1289 (1996) . 

4. M. Tanaka-Ueguchi, H. Itoh, N . Oyarna, M. Koshioka, M. Matsuoka, The P/ant Journa/15 , 391-400 

(1998). 

5. N. Ori et al., P/ant Ce//11, 1073-80 (1999). 

6 . R. Hooley, P/ant Molecular Biology 26, 1529-1555 (1994). 

7. T. Sakarnoto, N . Kanúya, M. Ueguchi-Tanaka, S. lwahori, M. Matsuoka, Genes Dev 15, 581-90. 

(2001). 

8. D. Hareven, T . Gutfinger, A. Pamis, Y. Eshed, E . Lifschitz, Ce// 84, 735-744 (1996). 

9. B. J. Janssen, L . Lund, N. Sinha, Pfant Physio/ 117, 771-786 (1998) . 
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narrow sheath2 encodes a NITRILASE-like gene product required for 

recruitment of a lateral compartment in maize lateral organs 

Michael J. Scanlon 

Mutations in the narrow sheath (ns) genes cause the deletion of a lateral domain of the 

maize phytomer that includes the margins ofthe proximal blade, the sheath and the intemode 

(Scanlon et al., 1996). Mutant plants have short stems and narrow leaves, although the leaf 

length is undisturbed . All vegetative and floral phytomers of the post-embryonic shoot are 

affected ; no phenotype is detected in roots or non-foliar organs. The narrow sheath phenotype 

is a duplicate factor trait controlled by recessive mutations at two unlinked loci, nsl and ns2 
(Scanlon et al., 1996; Scanlon et al., 2000). A single non-mutant copy of either ns gene is 

sufficient for normalleaf development. KNOX immunolocalization studies and fate-mapping 

of mutant meristems (Scanlon and Freeling, 1997) reveal that a founder-cell domain, which 

normally con tributes to the non-mutan! leaf margins, is not recruited in ns mutan! lea ves. 

These data suggested a model whereby the founder ce lis of the maize leaf are comprised of 

two distinct lateral compartrnents. One compartment, the central domain, includes the midrib 

and upper leaf blade and does not require NS function for recruitrnent. The narrow sheath 

domain includes alllateral regions from the boundary ofthe central domain to the margin . 

In support ofthis model, clona! analyses demonstrate that NS 1 function is localized to two 

discrete focal points (one for each leaf margin) in the L2 tissue !ayer of the maize apex 

(Scanlon 2000). NS 1 is not required for initiation ofthe central domain, and loss ofwild type 

NS 1 function in founder cell regions marginal to the narrow sheath foci has no effect on leaf 

development. These data indicate that NARROW SHEATH1 function is non cell­

autonomous within the narrow sheath domain, and is required for initiation, but not 

propagation, ofthe founder-cell recruitrnent signa!. In order to identity the nature ofthe NS 

recruitrnent signa!, ns2 was cloned by transposon-tagging. NS2 encodes a NITRILASE-like 

product; nitrilases are implicated in the production ofiAA in plant shoots. Moreover, the ns 

mutant phenotype of maize bears a striking similarity to tobacco and petunia plants that 

overexpress IAA-biosynthetic genes (Kiee et al., 1987; Sitbom et al., 1992). These data 

contribute to existing models in which induction and lateral expansion ofplant lateral organs 

is regulated by the production and/or transport ofiAA in plant shoots (Reinhardt et al., 2000; 

Berleth and Sachs, 2001). Surprisingly, ns2 and the duplicate factor gene nsl are non­

homologous sequences. Evidence is presented to test the model that the ns duplicate genes 

encode redundant, parallel functions in the control ofhormone levels in the maize shoot apex. 

References: 

Berleth, T. and Sacbs, T. (2001). Plant morphogenesis: long-{fistance coordination and local patteming. Curr. 
Op. Plan/ Biol. 4: 57-62. 

Reinhardt, D., Mandel, T. and Kuhlenmeier, C. 2000. Auxin regulates the initiation and radial position ofplant 

lateral organs. Plant Ce// 12: 507-518. 

Scanlon. M.J., Schneeberger, RG. and Freeling, M. (19%). The maize mutan! narrow sheath fails to establish 

leafmargin identity in a meristematic domain. Development 122: 1683-1691. 

Scanlon M. J. and Freeling, M. (1997) Clonal sectors reveal that a speci.fic meristematic domain is not utilized in 

the maize mutant narrow sheath. Dev. Biol. 182: 52-66. 

Scanlon, M. J. , Chen, K. D. and McKnight, C. M. 2000. The narrow sheath duplicate factor pair, sectors of dual 

aneuploidy reveal ancestrally-conserved gene functions during maize leaf development Genetics 155: 1379-
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The phytomer concept revisited - the relationships between axillary 

meristems, leaves and internodes 

Sarah Hake, Yutaka Sato, Naomi Ori, Angela Hay, George Chuck 

Plant Gene Expression Center, Albany, CA 

and University of California, Berkeley, CA 

In higher plants, morphogenetic events occur at the shoot apical meristem (SAM), a 

self-organizing group of stem cells. Activities of the SAM lead to leaves, flowers and stem 

tissues. The relationship between these different plant parts has been studied by 

morphologists and now by molecular biologists. The concept of the phytomer has been used 

to describe the repeating pattem of leaf, stem and intemode and to explain different parts of 

grass flowers (Galinat, 1959). Clona! analyses in maize suggest that the different plant parts 

originate from the same population of SAM cells. We have addressed the question of 

relationship between axillary meristem, leaf and intemode by examining mutants in 

Arabidopsis and maize. 

KNOITEDJ-Iike homeobox (KNOX) genes are expressed in specific pattems in the 

SAM and may contribute to estab1ishing the different fates of meristem cells (Jackson et al., 

1994). We isolated and analyzed a recessive loss-of-function allele at one ofthe KNOX genes 

in Arabidopsis thaliana, KNATJ. The mutation is allelic to brevipedicellus-1 (bp-1). bp plants 

are short, siliques point downward and the shape of the inflorescence is altered. Scanning 

electron microscopy was employed to examine the patteming of floral primordia. In wild-type 

plants, inflorescence meristems produce flowers and intemodes in regular pattems such that 

adjacent floral primordia are positioned at regular angles separated by well defined 

intemodes. In bp, both the angle and distance between flowers is inconsistent. The patteming 

of floral and intemode primordia are both affected in bp, suggesting that BP is involved in the 

process of allocating cells to floral or intemode primordia, possibly through the establishment 

of boundaries between floral and intemode initials. The in situ mRNA accumulation pattem 

of BP in the inflorescence meristem supports this hypothesis. It appears as a boundary around 

the incipient primordia. 

A consequence of the boundary of BP expression has also been described for ectopic 

expression in the leaf (Ori et al., 2000). Overexpression throughout the leaf does not have as 

dramatic an effect on the phenotype, as does the juxtaposition of BP-expressing and non­

expressing cells, which leads to dramatic Ieaflobing. 

Another mutant that reveals an intimate relationship between intemode and Ieaf is 

terminal ear in maize. In tel plants, leaves are produced faster and the phyllotactic pattem is 

affected (Veit et al., 1998). Like bp, very short intemodes are found on tel plants and they are 

often interspersed with long intemodes. The intemodes also curve from side to side. The 

shorter side ofthe curved intemode is directly below the midpoint ofthe clonally-related leaf. 

te] is also expressed in a subdomain ofthe shoot apical meristem in a pattem not too different 

from the maize orthologs of BP, the duplicate loci gnarley and roughsheathl. 

Instituto Juan March (Madrid)
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Genetic arcbitecture of leaf morpbogenesis in Arabidopsis thaliana 

Pérez-Pérez, J.M. , Candela, H., Robles, P., Barrero, J.M., Jover-Gil, S., Ponce, M.R., and 

Mico!, J.L. 

División de Genética and Instituto de Bioingeniería, Universidad Miguel Hemández 

Campus de Elche, 03202 Elche, Alicante, Spain 

In an attempt to identify genes involved in leaf morphogenesis in Arabidopsis 
tha/iana, we screened for new mutants showing abnormal leaves and conducted genetic 

analyses of already obtained mutants. Our large-scale mutant search, which got close to but 

did not reach saturation of the genome, showed that the lines obtained fell into 94 

complementation groups. Many of these genes were mapped using a high-throughput linkage 

analysis method, based on the simultaneous PCR coamplification of 21 polymorphic 

rnicrosatellites and the fluorescent serniautomated detection of their products. In addition, in 

an attempt to ascertain wether intraspecific variability rnight be a source of information on the 

genetic controls underlying plant leaf morphogenesis, we analyzed variations in the 

architecture of vegetative leaves in a large sample of Arabidopsis thaliana natural races, 

concluding that such morphological traits are unlikely to develop under monogenic controls. 

Hence, a mapping population of the recombinant inbred lines of Lister and Dean was 

analyzed to identify quantitative trait loci (QTL) harboring naturally occurring alleles that 

contribute to natural variations in leaf architecture and to eventually correlate their intervals 

with the map positions of genes identified by mutation. 

Instituto Juan March (Madrid)
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Establishment of polarity in lateral organs of seed plants 

Bowman, John L. ; Eshed, Yuval*; Emery, John F.; Floyd, Sandra K. ; Izhaki, Anat, Alavraez, 

John; Hawker, Nathanial P.; Lee, Ji -Young 

Section ofPlant Biology, UC Davis, Davis CA 95616 USA and *present address: Dept. of 

Plant Sciences, The Weizmann Institute ofScience, Rehovot, 76100 Israel 

Plant architecture forms by a well-defined repeatable pattem for each and every plant 

species. However, enorrnous variation exists in shape, size and spacing of different p1ants 

lateral organs such as leaves and floral organ. This variation reflects the unique adaptations 

into various growth habitats and environrnents. The ability to determine the plane and 

magnitude of blade growth provides a powerful mechanism to regulate shape. The flexibility 

of ab/ad relations, and the quantitative rather than qualitative relationships between them 

could account for the enormous variation in lateral organ shape and size that characterizes the 

plant kingdom. 

Recent studies in model species as Antirrhinum and Arabidopsis have demonstrated 

that specification of lateral organ polarity along the abaxialladaxial organ axis has major 

consequences for the overall organ shape. Polar morphology results in specific adaptations of 

the leaf with an adaxial (top) surface specialized for light capture and an abaxial (bottom) 

surface specialized for gas exchange. Furthermore, the establishment of polarity is required 

for proper lamina development. A model of leaf blade development by Waites and Hudson 

(1995) proposed that juxtaposition of abaxial and adaxial domains is required for lamina 

outgrowth. As lateral organs are derived from the flanks of apical meristems, there exists an 

inherent positional relationship between them - the adaxial side of the lateral organ primordia 

is adjacent to the meristem and the abaxial side is at a distance from it. The fundamental 

positional relationship ofleaves relative to the shoot apical meristem (SAM) was suggested to 

form the physiological basis for their asymmetric development (Wardlaw, 1949). This view 

was further supported by experiments in which the lateral organ primordia were separated 

from the apical meristem by incision (Sussex, 1955; Snow and Snow, 1959). When young 

potato lea ves were separated from the shoot apical meristem (SAM), a small radial leaf was 

formed, suggesting that the meristem may act as a source for a signa! required for proper 

polarity establishment in lateral organs (Sussex, 1955). Furthermore, the establishment of 

polarity is required for proper lamina development with the juxtaposition of abaxia1 and 

adaxial domains responsible for induction of lamina outgrowth (Waites and Hudson, 1995). 

The end result in most plants is a laminar leaf with an adaxial (top) surface specialized for 

light capture andan abaxial (bottom) surface specialized for gas exchange. 

An emerging picture from classical and molecular genetic analyses is that as incipient 

lateral organ primordia develop from the flanks of the shoot apical meristem, factors both 

intrinsic and extrinsic to the organ primordia contribute to the specification of cells as adaxial 

or abaxial. The apical meristem itself likely provides a signal(s) that promotes adaxial cell 

fate (Sussex, 1955), whose perception may be mediated through PHBIPHVIREV (McConnell 

and Barton, 1998; McConnell et al., 2001). The ultimate source and biochemical nature ofthe 

ligand is unknown. PHB, FIL and KAN are all expressed in the leaf anlagen, but their 

expression becomes confined to mutually exclusive domains as the primordia form (Siegfried 

et al., 1999; Sawa et al. , 1999; McConnell et al. , 2001 ; Kerstetter et al., 2001). 
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Abaxial cell fate, which is promoted by both Y ABBY and KANADI genes (Siegfried et 
al., 1999; Sawa et al., 1999; Eshed et al ., 1999; Eshed et al. , 2001; Kerstetter et al., 2001) may 
be a 'default' in the absence of signa!, for instance, if the lateral organ primordia are separated 
from the apical meristem. This 'default' state could be the result ofthe failure to repress genes 
promoting abaxial identity (e.g. YABBY and KANADI genes) which are initially activated 
throughout the anlagen (Siegfried et al., 1999; Sawa et al., 1999; Kerstetter et al., 2001). 
Surgical experiments indicate that while polarity is labile in PI it is irreversibly established by 
P2 (Sussex, 1955). Subsequent interactions between the juxtaposed adaxial and abaxial 
domains, perhaps mediated by relative levels of KANADI and Y ABBY activity, are required 
for lamina outgrowth (Waites and Hudson, 1995). 

We will present our recent results examining the interactions between the Y ABBY, 
PHB-like, and KANADI genes. 
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Comparative genetics of Ieaf development in Antirrhinum 

Andrew Hudson 

University ofEdinburgh, Institute ofCell and Molecular Biology 
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Edinburgh EH9 3JH UK 

To investigate the genetic control of lateral organ development in the snapdragon, 

Antirrhinum majus, we isolated the PHANTASTICA (PHAN) gene that is required redundantly 

for organ initiation and dorsal (adaxial) cell identity in leaves, bracts and petals [1]. It 
encodes a MYB transcription factor that is expressed throughout lateral organ initials and 

primordia. In Arabidopsis, dorsal organ identity is specified by PHABULOSA (PHB) and 

related genes which restrict expression of YABBY (YAB) genes to ventral organ domains [2,3] . 

In Antirrhinum, PHAN activity is needed for dorsal expression of PHB-like genes and for 

repression of YAB-like genes, suggesting that PHAN may affect organ asymmetry by 

promoting PHB-like activity. GRAMINIFOL/A (GRAM) is a member ofthe Antirrhinum YAB 
gene family that is expressed ventrally in developing organs and needed non-cell 

autonomously for lateral growth of leaves and petals and identity of cells at the ventral leaf 

margins. Although GRAM is expressed ectopically in phan mutant leaves it is not required 

for ectopic ventral cell identity. 

A further target of PHAN regulation was identified as the knotted/ -like homeobox (knox) 
gene, HIRZINA (HIRZ) - one of two STM orthologues in Antirrhinum. Expression of HIRZ, 
and the closely related INVAGINATA (!NA), is normally confined to the shoot apical meristem 

(SAM) and intemode initials [4). Although ectopic expression of HIRZ, but not !NA, occurs 

in phan mutant organs, genetic evidence suggests that PHANs role in promoting organ 

formation and asymmetry is independent of HIRZ repression. Spontaneous gain-of-function 

mutations have been identified in HIRZ and !NA. Both lead to ectopic expression in 

developing petals and formation of an ectopic peta! tube. This tube resembles the nectar spur 

found in clase relatives of Antirrhinum, suggesting that spurs might have evolved by 

redeployment of the mechanisms controlling peta! tube formation and that changes in knox 
gene expression can cause such redeployment. 

The role of P HAN in repression of Class I knox genes is conserved with the orthologous 

Arabidopsis gene, ASYMMETRIC LEA VES/ (AS/) [5) . However, the targets of repression 

ha ve diverged - ASJ is needed to repress KNATJ, 2 and 6, but not STM in organs. Loss of 

KNATJ or KNAT2 activity does not affect the phenotypes of asl mutant organs, suggesting 

that ASJ has other targets. We have identified one potential target, SYMMETRICA (SYM) , as 

a suppressor ofthe as! mutant phenotype which epistasis experiments suggest might function 

between ASJ and KNOX genes. In the SAM, STM is required to repress ASJ expression. One 

explanation for the loss of SAM activity in stm mutants is that ectopic ASJ activity represses 

expression of other knox genes which would normally act redundantly with STM. This view 

is consistent with observed changes in gene expression, KNAT-dependent suppression of the 

stm phenotype by asl mutations, and the ability ofKNAT proteins to substitute for STM. 

We have also begun to exploit Antirrhinum to examine the genetic basis for evolutionary 

differences in organ shape and size. The genus Antirrhinum consists of -20 species that differ 

markedly in morphology but forro inter-fertile hybrids. Analysis of hybrids between the large 
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leafed A. majus, and the smaller leafed alpine, A. molle suggest that severa! genes control 

overall leaf size or length and width independently. Having obtained a molecular map for 

Antirrhinum, we have started to map these genes as quantitative trait loci and to examine 

when and how they exert their effects. 
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Dorsoventral patterning of the maize leaf 

Michelle Juarez l ,2 and Mruja Timmennansl 

1 Cold Spring Harbar Lab, Cold Spring Harbar, NY 11724 

2Graduate Program in Genetics, State Univ. ofNew York at Stony Brook, Stony Brook, 

NY11794 

The first steps in lateral organ fonnation include the recruitment of founder cells from the 

meristem and the establishment of new developmental axes relative to the main body axis. 

Characterization of the maize leajbladelessl(lbll) mutant phenotype suggested that lbll is 

required to establish adaxial cell identity in leaves and leaf-like lateral organs. In the absence 

of LBLl activity, cells maintain an abaxial identity that results in the fonnation of radially 

symmetric, abaxialized leaves. The number of founder cells incorporated into such leaves is 

strongly reduced, suggesting that lbll is directly or indirectly required for the down-regulation 
of knox genes during 1eaf initiation. Less severe 1eaf phenotypes inc1ude the fonnation of 

ectopic laminar outgrowths at the boundaries of abaxialized sectors on the adaxial Jeaf 

surface, and the bifurcation of Jeaves. 

The semi-dominant Rolledl-0 (Rldl-0) mutant of maize also affects dorsoventral 

patteming in that the polarity of the leaf is in verted. However, this mutation has no apparent 

effect on founder cell recruitment. Double mutants between R/dl-0 and lbll result in a mutual 

suppression ofboth phenotypes suggesting that /b/1 and rldl act in an opposing fashion on the 
same pathway, or that lbll and rldl negatively regulate each other. 

In order to further characterize the lbll, Rldl and lbll ;R/dl double mutant phenotypes, we 

ha ve isolated severa! maize homologs of the Arabidopsis Yabby genes which are expressed in 

the incipient primordium and in the abaxial domain of developing Jea ves and floral organs. As 

in Arabidopsis, the maize yabby genes are expressed throughout the incipient primordium, but 
interestingly, expression Jater in development becomes restricted to the adaxial side of the 

leaf Preliminary data suggest that the yabby expression pattem is altered in the /bll and Rldl 
mutants. Together these data suggest that /bll, r/dl and the yabby genes play a role in 

adaxial!abaxial patteming in maize and that the polarity of the maize leaf may be inverted 

relative to the dicot leaf. 
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Polarities in leaf shape: polar cell elongation, central axis, and 

meristematic activities in leaf blades 
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Focusing on rnechanisrns that govem the polarized growth of leaf blades in 

Arabidopsis, we found that two genes act independently in the polar elongation of leaf cells. 

The ANGUSTIFOLIA (AN) gene regulates the width of leaves and the ROTUNDIFOLIA3 

(ROT3) gene regulates the length of leaves (Tsukaya et al. 1994, Tsuge et al. 1996, Kirn et al. 

1998, 1999). The an mutan! shows abnormal arrangernent of cortical MTs in leaf ce lis, 

suggesting that the AN gene regulates the polarity of cell growth by changing the 

arrangement of cortical microtubules. The AN gene was the first known plant rnernber of 

CtBP, which acts as a transcriptional repressor in the animal kingdom (Kirn et al., subrnitted). 

To understand the function of the AN gene as a transcriptional regu1ator of other genes, 

microarray analysis was carried out using the Monsanto Arabidopsis Microarray Program. 

As a result, it was found that the an mutant over-expresses sorne genes whose 

expression is reversed by overexpression of the AN gene, suggesting that the AN gene 

represses sorne genes. A yeast two-hybrid systern revealed that AN protein self-associates . 

. Screening of AN-associating proteins is underway. The ROT3 gene is a rnernber of the 

CYP90 cytochrome P450 family, and rnight be involved in the biosynthesis of a specific 

steroid. While mutational defects in the biosynthesis of the steroid hormone brassinosteroid 

decreases both the number and size of leaf cells (Nakaya et al. , in press), the rot3-l null 

rnutation causes a defect only in the size of leaf cells (Tsuge et al., 1996). The stunted leaf 

shape with normal width seen in the rot3-1 rnutant reflects the polar-dependen! defect in leaf­

cell expansion (Tsuge et al. 1996), which is reversed by overexpression of the wild-type 

ROT3 gene (Kirn et al. 1999). An antisense construct of a hornolog of the ROT3 gene in 

Arabidopsis causes severe dwarfisrn under the background of the rot3-1 null rnutation; 

however, it has no effect under the wild-type background. Biochemical analyses of these 

strains are underway.Besides the above-rnentioned two polarities, we found that 

ASYMMETRIC LEAVES2 (AS2) and BLADE-LIKE PETIOLE (BLP) are involved in 

positioning of the central axis and proximo-distal axis of Arabidopsis leaf blades, 

respectively. The as2 mutation produces abnormal patteming of vascular bundles in the leaf 

blades and develops leaflet-Iike structures that rnight be dueto loss of the rnidvein (Serniarti 

et al., 2001). The blp mutant develops leaf-blade-like structures on the petioles and severely 

enhances the morphological abnormalities seen in as2. Cornbination ofthe blp rnutation with 

overexpression of a class-I KNOX gene causes a "super-cornpound leaf' phenotype, whereas 

the blp phenotype is not suppressed by the bp (= knatl) mutation. Both as2 (Serniarti et al. , 

2001) and blp show ectopic expression of class-I KNOX genes in their leaf blades, 

suggesting a tight relationship between the rneristernatic status of leaf blades and the 

establishment ofthe central and proxirno-distal axes in leafblades. 
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Three Brick genes promote the polarization of maize leaf epidermal cells 

Mary J. Frank, Heather N. Cartwright, and Laurie G. Smith 

Section ofCell and De, ·eloprnental Biology, Univ. California San Diego 
La Jolla, CA 92093-0116 

Leaf cells have a variety o f shapes related to their diverse functions . Plant cell shapes 
are defined by the walls surrounding thern, but the cytoskeleton plays a critica! role in cell 
shape deterrnination by intluencing the pattems in which wall rnaterials are deposited in 
expanding cells. Most cells expand by rneans of polarized diffuse growth: expansion 
distributed across the cell surface that is oriented preferentially in one or more directions. 
Microtubules have been proposed to determine the orientation of diffuse growth by guiding 
the deposition pattem of cellulose microfibrils, which constrain cell expansion [!]. Sorne 
highly elongated cell such as pollen tubes and root hairs expand by means of tip growth, 
which is focused at a single site on the cell surface. Unlike diffuse growth, tip growth 
depends mainly on the actin cytoskeleton [2]. A well established role for actin in tip growth 
is to deliver vesicles containing cell wall materials to the growth site; additional roles for actin 
have been suggested, but are not well understood [2]. Most cells in both epidermal and 
interna! tissue layers of the leaf have lobed shapes. These shapes are acquired by means of a 
polarized growth pattem that has been thought to be deterrnined by the arrangement of 
cortical microtubules [3 -6). 

We have isolated mutations in three Brick (Brk) genes required for lobe formation 
along the margins of epidermal pavement cells [7,8]. Mutant epidermal cells expand to the 
same extent as wild type cells, but fail to establish polar growth sites along the cell margins 
from which lo bes arise. Brk genes are not required for the lobing of mesophyll cells, but do 
play roles in the morphogenesis of other epidermal cell types: stomatal subsidiary cells are 
often formed abnormally, and epidermal hairs are shorter and blunter than in wild type cells. 
Analysis of the cytoskeleton in brk mutants showed that microtubule organization in 
expanding brk mutant pavement cells differs little from that in wild type cells. However, 
localized patches of cortical F-actin found in wild type cells at sites where lobes are initiating 
and at the tips of elongating lobes are never observed in mutant cells [7,8]. These 
observations suggest that pavement cell lobes in maize arise through an actin-dependent, tip 
growth-like polarized growth process, which fails to occur in brk mutants. Moreover, 
stomatal abnormalities in brkl leaves could be attributed to a polarity defect in subsidiary 
mother cells that is also associated with failure to form a localized patch of cortical F-actin 
[9]. These observations suggest roles for Brk genes in multiple, actin-dependent cell 
polarization in the developing maize leaf epidermis. 

Mosaic analyses revealed that Brk2 act cell autonomously, Brkl acts non cell 
autonomously, while Brk3 acts cell autonomously to promote epidermal lobe formation and 
non autonomously to promote normal subsidiary mother cell divisions [8]. In addition, we 
found that brkl; brk2, brkl; brk3 and brk2; brk3 double rnutants all ha ve the same phenotype 
as brk single mutants [8]. Together, these observations lead to the conclusion that all three 
Brk genes act in a comrnon pathway or process in which each gene has a distinct function. 
The non cell autonomous action of Brkl is consistent with the finding that this gene encodes a 
very small protein (8kD), which is likely to move between adjacent cells through 
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plasmodesmata. The BRK 1 protein is unrelated to proteins or motifs of known function, but 
is highly conserved thoughout the plant kingdom. Moreover, a corresponding family of 
proteins is also highly conserved throughout the animal kingdom (7]. These findings suggests 
that BRK 1-like proteins may function in actin-dependent aspects of cell polarization in a wide 
spectrum of eukaryotic organisms, and that the entire pathway or process in which all three 
Brk genes function is also conserved among eukaryotes. We speculate that the BRKI protein 
may be directly involved in the regulation oflocalized actin polymerization. 
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GLK genes function in diverse species to regulate cellular differentiation in 

tbe leaf 

Jane A. Langdale, Martín Copley, David Fitter, David Martín, Elizabeth Moylan, Laura 

Rossini, Robert Scotland & Yuki Yasumura 
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Chloroplast biogenesis is a complex process that requires close co-ordination between 

two genomes. Many of the proteins that accumulate in the chloroplast are encoded by the 

nuclear genome and the developmental transition from proplastid to chloroplast is regulated 

by nuclear genes. We have shown that a pair of Golden 2-like (GLK) genes regulate 

chloroplast development in maize and Arabidopsis. The GLK proteins are members of the 

GARP superfarnily of transcription factors and phylogenetic analysis demonstrates that the 

maize, rice and Arabidopsis GLK gene pairs comprise a distinct group within the GARP 

superfarnily. Further phylogenetic analysis suggests that the gene pairs arose through separate 

duplication events in the monocot and dicot lineages. In the C4 plant maize, each GLK gene is 

expressed in a specific C4 photosynthetic cell-type and loss of function of one gene perturbs 

the differentiation of chloroplasts in only one cell-type. In C3 rice and Arabidopsis, however, 

GLK genes are expressed in partially overlapping domains in al! photosynthetic tissue. 

Insertion mutants demonstrate that this expression pattem reflects a degree of 

functional redundancy as single mutants display normal phenotypes in most photosynthetic 

tissues. However, double mutants are pale green in al! photosynthetic tissues and chloroplasts 

exhibit a reduction in grana! thylakoids. Products of severa! genes involved in light harvesting 

also accumulate at reduced levels in double mutant chloroplasts. GLK genes therefore regulate 

chloroplast development in diverse plant species. 
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The control of leaf palisade development in Antirrhinum majus 

Catlúe Martín, Manash Chatte¡jee, Stefano Sparvoli, Alex Tattershall and David Rengel 

John Innes Centre, Colney Lane, Norwich NR4 7UH, UK 

We are interested in the genetic control of cellular specialisation, and the mechanisms 

of cellular differentiation. Although specialised form and function is adopted by the palisade 

!ayer of Ieaves in many species, the processes controlling tlús relatively late differentiation 

stage in leaves are Iittle understood and there are few molecular markers that can be used to 

distinguish palisade from spongy mesophyll cells. There is a strong environmental influence 

on palisade development as well as inherent morphogenetic control that both influence the 

number of cell layers that make up the palisade. 

The influence of two mutations on leaf palisade development in Antirrhinum majus 
will be described. One, the dag mutant, does not influence the commitment of cells to form 

the palisade, but does influence their ability to divide and expand to adopt their normal form. 

The primary effect of the dag mutation is on chloroplast development. Its influence on 

palisade cell expansion connects chloroplast development to cellular development, and 

establishes that a signa!, that works principally on an intracellular leve!, Iinks the two aspects 

of cell specialisation. The DAG gene probably influences chloroplast development through 

the activity of the nuclear encoded polymerase (NEP}, and provides a new role for a family of 

plant-specific genes in regulating aspects of regulation of the transcription of plastids and 

specialised chloroplasts. 

The second mutation, currently named 'mutant x', has narrow Ieaves and narrow split 

petals. lt develops an abaxial !ayer of palisade in addition to the normal adaxial Iayer(s). The 

other cell layers of the leaves show normal dorsi-ventral polarity, suggesting that gene X is 

not involved in establishing the dorsi-ventral axis. The mutation is recessive suggesting that 

commitment to palisade development is normally under negative control. The environment, 

especially light quality influences the degree of extra palisade production in the mutant. 

Double (abaxial and adaxial) palisade layers are found in sorne plants and may be adaptations 

to dry conditions. Progress towards molecular identification of locus 'X' will be described. 
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The role of cell cycle regulation during leaf development 

Gerrit Beemster 

After initiation a leaf goes through three distinct phases of development: full y 

meristematic, transition phase when division stops in a tip to base gradient and an expansion 

phase when cells expandind but no longer divide. The final size of the leaf depends on duration 

of the meristematic phase, the rate of cell division and the size that ce lis reach at maturity. The 

first two of these parameters are cell cycle regulated. Mature cell size has been postulated to be 

dependent on the ploidy levels of cells which in A. tha/iana is detennined by the number of 

endoreduplication cycles, and thus also possibly cell cycle regulated. We use a kinematic analysis 

of the abaxial epidermis of the first leaf pair to address the relationship between the molecular 

regulation of the cell cycle and these growth parameters. The results show that in wild type plants 

average cell division rates over the whole of the leaf are approximately constant till day 9, 

whereafter they decline over a 4 day period. At the same time that cell division is reducing we 

observe a gradual increase in the ploidy levels of cells indicating the onset of endoreduplication. 

Promotor-Gus expression of a number of cell cycle genes showed a striking correlation with the 

calculated cell division activity, with the exception of CDKA, which expressed at lower levels 

over a longer period, suggesting involvement with endoreduplication. Overexpression of various 

cell cycle genes differentially affects individual growth parameters, suggesting that they are 

under control of independent regulatory pathways. 

Instituto Juan March (Madrid)



36 

Uncoupling the cell cycle from cell differentiation in developing Arabidopsis 
and tobacco leaf epidermis 

Yukiko Mizukami 

Department ofPlant and Microbial Biology, University ofCalifomia 
231 Koshland Hall, Berkeley, CA 94720,USA 

During plant organogenesis cell growth and terminal cell differentiation are coupled 
with the cell cycle switch*. Importan! cell cycle switches include withdrawal from the 
mitotic cell cycle and entry into the endoreduplication cycle, where the genome is duplicated 
in the absence of cell division** . The coupling of cell differentiation with the cell cycle 
switch is easily observed in the developing leaf epidermis, where protodermal cells 
differentiate into functionally and structurally distinct cells, such as hair cells (or trichome) 
and guard cells***. However, the significance of this coupling in proper cell differentiation 
or epidermal pattem formation has not been examined. I have generated transgenic 
Arabidopsis and tobacco plants in which the activities of cell cycle regulators involved in the 
cell cycle switches were altered in order to determine the effects of the misrepresented cell 
cycle switch es on cell differentiation and pattem formation of the transgenic leaf epidermis. 
Continued mitosis and prevention of the entry into endoreduplication were achieved by the 
altered expression of D-type cyclins, which trigger the G 1-S transition and are essential for 
the re-accumulation of mitotic cyclins. Altered expression of particular D-type cyclins caused 
all epidermal cells in transgenic plants became more compartmentalized than normal, 
resulting in the Jeaves composed with an enormous number of small cells. However, cell 
differentiation, cell morphogenesis, and primary epidermal patterning proceeded normally. 

For example, the Arabidopsis unicellular trichome, which normally grows by 
endoreduplication, became a multicellular structure divided into as many as 16 cells, yet its 
basic tri-branched morphology was maintained. This phenotype indicates that cell growth and 
morphogenesis accompanied by progression of endoreduplication can be substituted by 
continued cell proliferation, and thus, the entry into endoreduplication is not essential for cell 
morphogenesis ofthe Arabidopsis trichomes. 

To attain precocious withdrawal from cell divisions and induce the onset of 
endoreduplication in developing leaf epidermis, I created transgenic plants in which overall 
mitotic cyclin activity is down regulated. In these transgenic plants, despite significant 
decreases in cell numbers and increase in cellular volume of the mature leaf epidermis, cell 
differentiation occurred nearly normally. For instance, normal multicellular tobacco hairs 
were transformed into high polyploid, unicellular hairs without affecting their occasional 
branching patterns. Furthermore, fully differentiated guard cells with high ploidy nuclei, 
instead of normal diploid nuclei , were observed. These cellular pattems clearly indicate that 
cell growth and morphogenesis by mitotic cell cycle can be substituted by endocycles without 
affecting cell differentiation. 

The above observations together demonstrate that pattemed cell cycle transition can be 
uncoupled from determination and progression of cell differentiation in leaf epidermis. I 
would further discuss the effects of altered cell cycle switches on leaf epidermal cell 
patteming. 
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Cell cycling and cell enlargement in leafhistogenesis 

Nancy G. Dengler 

Almost every aspect of development in plants, including organ morphogenesis and 

tissue histogenesis, involves cell division. Despite this consisten! coupling of cell cycling and 

development, the precise role of cell cycling in these processes is not well-understood (Smith, 

1996; Doonan, 2000). Results of both experimental manipulations and analyses of mutant 

phenotypes support the idea that morphogensis can accommodate considerable perturbation of 

cell cycling. Typically, expansion compensates for reduced rates of cell cycling and/or 

defective planes of cytokinesis, often resulting in smaller organs, but ones with normal shape 

and proper tissue organization (Doonan, 2000). 

Histogenesis, the development of cells and tissues from undifferentiated precursors, is 

predicted to be less tolerant of perturbation (Smith, 1996). The balance between whole tissue 

expansion and division into individual cells that produces cell units of correct size for mature 

function is likely to be under more stringent constraints. Currently little is known about such 

constraints or even the specific roles of cell cycling in histogenesis. Characterization of spatial 

and temporal patterns of cell cycling during histogenesis should provide a more robust basis 

for interpretation of experimental results and mutant phenotypes (Huntley and Murray, 1999). 

During normal development, cell cycling contributes to histogenesis in at least three 

ways. First, precursors of the three primary meristematic tissues are delimited by distinctive 

planes of cell division. Second, histogenesis involves differential patterns of cell proliferation 

in each of the primary meristematic tissues. Third, cell differentiation often requires precise 

regulation of the time, place and orientation of cell divisions. Our approach has been to use a 

B cyclin-GUS reporter construct to characterize spatial and temporal patterns of cell cycling 

during leaf development in Arabidopsis (Donnelly et al., 1999). Superimposed on a general 

longitudinal gradient of cell cycling frequency, tissue layers differ in the pattern of 

proliferative divisions. For example, cell cycling of palisade mesophyll precursors is 

prolonged in comparison to that of pavement cells of the adjacent epidermallayers, and cells 

exit the cycle at different characteristic sizes. Cell divisions directly related to formation of 

stornates and vascular tissue from their respective precursors occur throughout the period of 

leaf extension and reflect superposition of cycling related to cell differentiation on more 

general tissue proliferation. 

Development of leaf venation is still one of the least understood histogenetic 

processes. While protoderm and ground meristem of leaf primordia are derived from surface 

and subsurface layers of the shoot apical meristem respectively, procambiurn is formed de 
novo from ground meristem precursors within the leaf primordiurn (Nelson and Dengler, 

1997; Dengler and Kang, 2001). Experimental manipulations using auxin application and 

auxin transport inhibitors, as well as characterization of mutant phenotypes, al! indicate that 

leafvein pattern is formed in response toa canalized auxin signa! (reviewed in Berleth et al ., 

2000). How such a signa! is translated into the distinctive cytological properties of procambial 

cells is currently unknown. In a recent study we have followed early events in procambial 

development using the same cyclin reporter construct (Kang and Dengler, unpublished). We 

have shown quantitative differences in cell cycling frequency among the hierarchical elements 

ofthe leafvenation system (primary, secondary, and tertiary veins) and striking differences in 
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the duration of cell divisions among these vein classes during leaf expansion. We used a GUS 

reporter construct for the HD-ZIPIII homeobox gene ATHB-8 as a molecular marker of early 

procambial development (Baima et al., 2001) and found an almos! exact correlation in spatial 

and temporal pattem of cell cycling and ATHB-8 expression in veins of developing 

Arabidopsis leaves. The striking co-occurrence of expression pattems suggest that one role 

played by ATHB-8 might be to maintain procambium-specific pattems of cell cycling during 

leaf histogenesis. 
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Cell differentiation and patterning: Trichomes in Arabidopsis 

as a model system 

Martin Hülskamp 

The unicellular Arabidopsis trichomes are used as a model system to study how single 

epidermal cells are selected to adopt a different cell fate (patterning), how in the course of 

their differentiation the cell cycle is modified to endoreduplications cycles and how the cells 

establish their highly regular three-dimensional form (Hülskamp et al., 1994). The recent 

cloning of the TRIPTYCHON gene, which is involved as a negative regulator in trichome 

patterning, revealed that it encodes a MYB-related transcription factor. We further show that 

TRIPTYCHON acts redundantly with its homolog CAPRICE in root hair patterning. This 

suggests that the establishment of root hair and non-root hair files involves cellular 

interactions between epidermal cells rather than becoming simply determined by the 

underlying cortex cells. In order to study the regulation of the switch from mitosis to 

endoreduplication we have generated transgenic Iines expressing known cell cycle genes in a 

trichome-specific manner. We show that the expression of specific B-type and D-type cyclins 

suppresses endoreduplication(Schnittger et al., in press). As a consequence trichomes are 

multicellular. Cell morphogenesis is studied using a class of mutants with fewer or more 

branches. The cloning of several branching genes is reported and discussed. 
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Genetic regula ti o o of vascular tissue patterning in lea ves 

Timothy Nelson 

Department ofMolecular, Cellular & Developmental Biology 

Y ale University, New Haven USA 

The formation of the vascular pattem in leaves has developmental consequences 

beyond the siting of veins. The regular positions of photosynthetic cells, stomata, interna! air 

spaces, and supportive sclerenchyma and collenchyma relative to leaf veins suggests that they 

are subject to a cornmon patterning system. Provascular (PV) cells and procambial cell files 

are generally the earliest visible markers of anatornical organization among ground cells in 

leaf primordia. The properties of PV cells are poorly understood, but their early appearance 

makes it plausible that they influence the differentiation of surrounding cells in pattems that 

assure the correct relationship to veins. Misexpression of Knl-class homeodomain genes 

causes a range of morphological aberrations at major leaf veins, suggesting that leaf PV sites 
may have properties in cornmon with meristematic and organogenic sites. The steps from PV 

to differentiated vascular cells occur progressively along the forrning vein path. How do PV 

cells form in continuous paths and how do they interact with neighboring non-PV cells? 

We are using several approaches to identify the genes and mechanisms that influence 

the vascular pattem and cells complementary to it. First, we have recovered numerous 

Arabidopsis mutants with aberrant vascular patterns in cotyledons and/or leaves. Those 

characterized thus far correspond to genes for sterol pathways, auxin response, and receptor 
kinases. Second, we have identified genes expressed specifically or predominantly in PV 

cells. One such gene, VHl, encodes a PV-specific receptor kinase that resembles CLVl and 

BRll, including an extracellular LRR domain and an intracellular ser/thr kinase domain. 

Misexpression of VHl causes an aberrant venation pattem and influences the differentiation 

of many leaf cell types; knock out causes premature senescence. 
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Early genes in vascular development 

J. Mattsson, C.S. Hardtkel), G. Stamatiou, S. Chatfield, N. Krogan, 

S. Singh, W. Curskumova, D. Vidaurre, T. Berleth 

Dept. Botany, Univ. Toronto, 1) pres. addr.: Biol. Dept. McGill Univ., Montreal 

Hypothetical mechanisms underlying vascular pattem formation have to account for a number 

of conspicuous features of vascular differentiation (1 , 2, 3, 4): a) sites of vascular 

differentiation are not rigidly specified, but adaptive to abnormal growth conditions. b) in a 

diversity of branching pattems, zones of vascular differentiation are always restricted to 

narrow, continuous strips of cells. e) vascular cells differentiate along a common axis and in 

reproducible spatial relationship to each other and to non-vascular cells. d) local auxin 

application can induce the formation of vascular strands (5). e) mutations in auxin signa! 

transduction genes interfere with vascular differentiation (2, 6). f) leaf venation pattems are 

influenced by the auxin transport properties of the early leaf primordium (2, 7). Together, 

these observations implicate directional auxin signals in vascular patterning and suggest that 

genes in auxin signa! transduction and auxin transport have central roles in the control of 

pattemed vascular differentiation. 

The pattem of vascular strands in developing organs is dependent on the auxin 

transport properties ofthe organ primordium (6). In leaves, critical periods can be defined, in 

which auxin transport inhibition results in alternative vein patterns. The characteristics of the 

observed pattem changes suggest vascular differentiation along preferred routes of auxin flow 

and the presence of auxin sources near the rnargins of early leaf primordia. This hypothetical 

auxin distribution profile is supported by the expression pattems of 'auxin response' reporter 

genes. Their expression pattems indicate that vascular differentiation is preceded and, under 

various experimental conditions, correlated to local auxin accumulation. The ' auxin response' 

transcription factor MONOPTEROS (MP) is critically required for promoting vascular 

differentiation as well as in other instances of cell differentiation aligned with the axis of 

auxin flow (7, 8). 

Nevertheless, there is residual vascular differentiation in presumed mp null-mutants. 

Double mutant analyses show that the MP related transcription factor NPH4 contributes to 

vascular strand formation in the background of reduced MP gene activity and identify 

negative regulators of vascular differentiation among AUXIIAA gene products. Expression 

studies identify potential target genes of MP transcriptional regulation, whose expression is 

correlated to auxin induction as well as to MP gene dosage. These include members of the At 

PIN farnily of presumed auxin effiux carriers and early vascular transcription factors of the 

HD-ZIP farnily. These regulatory relationships could establish the link between a local, 

vascular-differentiation promoting influence of auxin and the regulatory circuitry controlling 

the actual differentiation events within vascular stands. To identify regulators of vascular 

development irrespective of their involvement in auxin signaling, we have used differential 

expression profiling in wild type versus mp mutant leaves as well as enhancer trap insertion. 

These strategies identify known landmark genes in vascular differentiation as well as large 

numbers of presently uncharacterized genes. 
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Genetic analysis of stomatal density and distribution in Arabidopsis 

U. von Bieberstein, D. Berger, and T. Altmann 

University ofPotsdam c/o Max-Planck-Institute ofMolecular Plan! Physiology, Am 

Mühlenberg 1, 14476 Golm, Germany 

Stomata are non-randomly distributed, and their density is controlled by endogenous 

and environmental factors. The presence of a stomata-free region surrounding each stoma is 

the major and universal principie of arder in the established stomatal pattern (Sachs, 1991). 

To gain insight into the molecular mechanisms regulating stomatal distribution, Arabidopsis 
thaliana mutants with altered stomatal characteristics were isolated and examined (Berger and 

Altmann, 2000). The sdd1-1 mutant exhibits a two- to fourfold fold increase of stomatal 

density and the formation of clustered stomata (i.e., stomata that are not separated by 

intervening pavement cells), whereas the interna! leaf architecture is not altered. Analysis of 

the developing leaf epidermis revealed a role of the SDD1 gene in the regulation of three 

processes: 

{1) The determination of the fraction of protodermal cells forming stomatal initials; 

(2) The degree of higher arder stomatal complex formation through control of meristemoid 

formation frequeñcy by cellsneighbouring primary guard cells (neighbouring cells) through 

asymmetric cell divisions; 

(3) The control of cell division orientation in higher order meristemoids. 

The defect in the latter process caused the observed defects in stomatal patterning in the 

sdd1-l mutant, which in wildtype Arabidopsis thaliana, as in many other species, is 

established through control of the number and orientation of the cell divisions occurring 

during stomatal complex formation. Ofthe Arabidopsis !.OO many mouths (tmm), andjour [i[l.S 
(jlp) mutants, which are also affected in stomatal pattern formation (Yang and Sack, 1995), 

tmm exhibits changes in the orientation of asymmetric divisions and the frequency with which 

neighbouring cells undergo asymmetric divisions that produce meristemoids similar to those 

of sdd1-1 (Geilller et al., 2000). The SDD1 gene was identified by map based cloning (Berger 

and Altrnann, 2000). It encodes a subtilisin-like serine protease related to prokaryotic and 

eukaryotic proteins. Expression analysis through mRNA in situ hybridization and promoter­

GUS fusions revealed activity ofthe SDD1 gene predominantly in meristemoids 1 guard cell 

mother cells. SDD1-GFP fusions expressed in transgenic Arabidopsis plants accumulated at 

the extracellular surface associated to the plasma membrane. In analogy to the function of 

other eukaryotic subtilases, SDD1 is proposed to actas a processing protease involved in the 

creation of an extracellular signa! emanating from meristemoids 1 guard cell mother cells that 

controls the development of cell lineages forming stomatal complexes. Overexpression of 

SDD1 under the control of the CaMV35S prometer caused a two- to threefold reduction of 

stomatal density (probab1y dueto repression ofhigher arder stomatal complex formation) and 

premature arrest of stomatal precursor cells. The observed epistatic relationship between the 

p35S-SDD1 gene and the tmm mutation revealed the action of SDD1 and TMM in a common 

signa! transduction pathway. 
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Light regulates stomatal development and pattern in Arabidopsis 

Javier Torres and Carmen Fenoll 

Fac. Ciencias Medio Ambiente, Universidad de Castilla-La Mancha, E-45071 Toledo, Spain 

cfenoll@amb-to.uclm.es 

Photomorphogenesis is one of the most striking examples of how light shapes plant 

development. Stomata forrnation is also influenced by Iight, but very little is known on the links 

between photomorphogenesis and stomatal differentiation and pattem. We have studied the role 

of light on stomatal initiation and pattem establishment by taking advantage of the genetic tools 

developed for the study of photomorphogenesis. By applying cell lineage analysis to constitutive 

photomorphogenesis mutants, we have deterrnined that light controls stomata initiation, and that 

genes involved in the repression of photomorphogenesis play a crucial role on stomatal pattem 

establishment in a light-independent manner. Remarkably, the developmental processes altered in 

the pleiotropic cop/det/fus mutants are almost identical to those described for mutants specifically 

altered in stomatal pattem. 
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Genetic regulation of vegetative phase change in Arabidopsis and maize 

R. Scott Poethig 

Department ofBiology, University ofPennsylvania, Philadelphia, PA 19104 

Flowering plants begin their post-embryonic development in a juvenile phase. This 

phase is characterized by a variety of distinctive vegetative traits and by the inability of the 

shoot to respond to floral inductive stimuli. Severa! genes required for the expression of the 

juvenile phase have been identified in maize and Arabidopsis by screening for mutations that 

cause the precocious expression of adult traits. Sorne of these mutations al so affect the length 

of adult phase, whereas others primarily affect the duration of the juvenile vegetative phase. 

We have focused our efforts on this latter class ofmutations. 

Mutations of the HASJY (HSI) gene in Arabidopsis have a pleiotropic phenotype that 

includes the precocious expression of adult vegetative traits and an increased sensitivity to the 

floral inductive effects of 35S:: LEAFY (Telfer and Poethig 1998). Mutations of the early 
phase change gene in maize have essentially the same phenotype as hst mutations (Vega et al, 

2002). HASJY encodes a protein that resembles members of the importin f3 family of 

nucleocytoplasmic transport receptors. Consistent with this structural similarity, HST is 

localized to the periphery of nuclear envelope and interacts with RAN, a small GTPase that 

plays a central role in nucleocytoplasmic transport. The maize orthologue of HST is early 
phase change. The genomic structure of early phase change (ZmHSI) is unusual in that it is 

60 kb in size and possesses severa! large introns with retrotransposon insertions. The closest 

relative of HST in yeast is MSN5, a gene that has been shown to be involved in the import and 

export of proteins involved in a variety of unrelated processes. In view of its pleiotropic 

mutant phenotype it is likely that HST also transports severa! different proteins. Candidate 

HST cargoes have been identified in yeast two hybrid screens and T-ONA insertions in severa) 

ofthese genes are being characterized. 

Mutations of the SQUJNT (SQN)gene in Arabidopsis interact synergistically with hst 
mutations, suggesting that these genes operate in parallel pathways. SQN is the Arabidopsis 

orthologue of Cyclophilin-40 (CyP40), a component of the HSP90 chaperone complex 

(Berardini, Bollman et al . 2001). In animals and yeast, this complex regulates the activity of 

severa! signa! transduction pathways by keeping key factors in these pathways (e.g. steroid 

hormone receptors) in an inactive configuration under non-inductive conditions (Pratt 1998). 

Yeast two hybrid screens produced only one protein that interacts strongly with SQN. This 

protein contains a kinesin domain, supporting the hypothesis (Pratt, Silverstein et al . 1999) that 

cyp40/SQN mediates the interaction ofthe HSP90 complex with the cytoskeleton, and thereby 

facilitates the movement ofthis complex to the nucleus. Along with the observation that HST 
encodes a factor involved in nucleocytoplasmic transport, this result suggests that protein 

Iocalization plays a majar role in the regulation ofvegetative phase change. 
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Genetic control of leaf growth in Arabidopsis 

Mieke Van Lijsebettens, Gerda Cnops and Hilde Nelissen 

Departement Plantengenetica, Vlaams Interuniversitair Instituut voor Biotechnologie (VIB) 

Universiteit Gent, B-9000 Gent, Belgium. (email : milij@gengenp .rug. ac.be) 

Leaf fonnation is a complex process in which pattem fonnation, growth and 

differentiation are overlapping rather than consecutive events. In dicotyledonous plants, 

including Arabidopsis, leaves are initiated post-gennination at specific positions of the shoot 

apical meristem. The leaf primordia grow along three newly-fonned axes into a Ieaf organ of 

a specific length, width and thickness. Growth is being detennined by the number of cell 

divisions, the orientation of cell plates and the extent and polarity of cell expansion. Early 

growth processes interconnect cell division processes with dorsiventral pattern fonnation 

Ieading to dorsal and ventral identity of the leaf blade and lateral outgrowth of the lamina 

(Siegried et al., 1999; McConnell et al., 2001; Eshed et al., 2001). Later in orgari fonnation 

cell expansion processes are predominate as shown by rnutational analysis (Tsuge et al., 1996; 

Kirn et al. , 1998). Pattem fonnation in lateral growth results in the distinction between lamina 

and petiole (van der Graaff et al., 2000). Restriction of growth determines the final shape and 

size ofthe Ieaf organ (De Veylder et al., 2001). 

The genetic control rnechanisms of growth are poorly understood. We study the 

genetic control of leaf growth by a mutational approach in Arabidopsis. Leaf mutants affected 

in growth along one or more of the axes are retained for gene cloning and phenotypic 

analyses. The mutants have been obtained from our own Ds tagging program or from an EMS 

mutagenized collection (Berna et al., 1999). Progress in the research on the tagged drll-2 

mutant and the respective DRLJ gene with a role in cell number control during lateral growth 

will be presented. A standardized method for map-based cloning has been developed based on 

a dense AFLP map (Peters et al., 2001), InDel and SNP markers. It is being applied to severa! 

EMS leaf growth mutants for gene cloning and a progress report will be presented. In addition 

an overview will be given ofthe growth defects in these mutants using a standardized method 

of imaging/ DIC optics and serial sectioning. The combined knowledge of gene sequence and 

mutant analysis will allow classifying the type of growth defect in each mutant: a molecular 

mechanism will be related to a cellular/morphological process. The ron2 mutan! and the 

RON2 gene will be discussed in this respect. In addition, the genetic relationships between the 

novel gene function and other gene functions in Ieaf growth and development are being 

detennined in severa! ways and will be exemplified for DRL1 . 
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ASYMMETRIC LEA VESJ reveals knox homeobox gene 

redundancy in Arabidopsis 

Mary Byrne, Joe Simorowski and Robert Martienssen 

Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 1 1724, USA 

The shoot apical meristem comprises undifferentiated stem cells and their derivatives, 

which include founder cells for lateral organs such as leaves. Meristem maintenance and 

lateral organ specification are regulated in part by negative interactions between the myb 

doma in transcription factor AS YMMETRI C LEA VES 1 , which is expressed in lateral organ 

primordia, and homeobox transcription factors (knox genes) which are expressed in the shoot 

apical meristem (1,2,3,4). The knox gene SHOOT MERISTEMLESS negatively regulates 

ASYMMETRIC LEA VES 1 which, in tum, negatively regulates other knox genes including 

KNA T1 and KNA T2. Genetic interactions with a second gene, ASYMMETRIC LEA VES2, 

indicate it acts at the same position in this hierarchy as ASYMMETRIC LEA VES l. We ha ve 

used a genetic approach to isolate mutations in KNA T1 and show that KNA T1 is partially 

redundant with SHOOT MERISTEMLESS in regulating stem cell function. Mutations in 

KNA T2 show no such interaction. Our studies provide a molecular framework for interactions 

between lateral organ development and meristems. 
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Pea leaf development: old versus new 

J. Hofer, L. Tumer, S. Taylor, N. Ellis 

Department ofCrop Genetics, John Innes Centre, Norwich NR4 7UH, U.K. 

Pea (Pisum sativum L.) leaves are compound as opposed to simple. Compound leaves are 

relatively common, and dispersed among Angiosperm orders, which suggests they evolved 

severa! times independently. This is supported by the identification of different fossilised 

compound leaves relatively late in the Cretaceous period when Angiosperms with simple leaves 

were already numerousl It is thought that megaphylls, the large compound leaves of pre­

Angiosperms, also originated severa! times independently, and it is apparent that a large, flat, 

pinnate megaphyll was the basic leaf type in the lineage leading to Angiosperms2. Thus 

compound leaves are either new "inventions" in the Angiosperms, by novel recruitment of a 

developmental pathway, or, they originated with the reinstatement of an ancient, pre-Angiosperm 

compound leaf developmental pathway. We have identified two genes involved in patteming the 

pea compound leaf. These are UNIFOLIATA3 and STAMINA PISTILLOIDA4, orthologues of 

the Arabidopsis floral meristem identity genes LEAFY and UNUSUAL FLORAL ORGANS. uni 

and stp mutants exhibit floral defects similar to the corresponding mutants, lfy and ufo in 

Arabidopsis, as well as leaf patteming defects. The identification of these genes suggests, either 

that parts of the floral developmental pathway have been co-opted to pea compound leaf 

patteming, or, that these floral developmental genes have roles that predate flowering plants. We 

have recently characterised a lfy mutant of Medicago saliva, thus, the role of LFY in compound 

leaf development is not limited to pea, and may apply more widely to legumes. The 

comparatively reduced role of LFY in tomato compound leaf patteming5 supports the hypothesis 

of multiple independent origins of compound leaves in Angiosperms. The identification of 

additional patteming genes will help us to determine whether legume leaves, and pea leaves in 

particular, are a novelty or an atavism. 
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l. Doyle, J.A. (1978). Origin of Angiosperrns. Ann. Rev. Eco!. Syst. 9: 365-392. 

2. Kenrick, P. and Crane, P.R (1997). The origin and early diversification of land plants. A cladistic study. 
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The development and evolution of compound leaves 

Neelima Sinha, Tom Goliber, Minsung Kim, Geeta Bharathan*, Thinh Pham, 

Kook-Hyun Chung and Christopher Moore 

Section ofPlant Biology, University ofCalifomia, Davis, CA 95616 

*Department ofEcology and Evolution, State University ofNew York, Stony Brook, 

NY- 1 1794-5245 

The Class I Knotted-like homeobox (KNOX 1) genes are highly expressed in the 

shoot apical meristem but not expressed in the emerging leaf primordium in tobacco, maize, 

or Arabidopsis. In tomato, KNOXI expression (LeT6, TKNl) is seen in the early leaf 

primordium (Chen et al. 1997; Hareven et al. 1996). It is worth noting that tomato has 

compound leaves while the other organisms thus far tested have simple leaves. We have 

suggested that this early expression of KNOX 1 genes in the leaf primordium causes it to take 

on a compound fate in tomato (Sinha 1997). In order to thoroughly test this hypothesis we 

have completed an analyses at severa! different phylogenetic levels. 

We have mapped the trait of compound leaves on the green plant evolutionary tree to 

identifY genera in which compound leaves arose independently. This tree includes cycads, the 

monocot Aroids and Palms, and multiple independent origins in the dicot families. We have 

analyzed compound leaf producing shoot apices in all these clades except the monocots and 

found that in al! instances except one (a derived clade in the Fabaceae) compound leaves 

always show expression of KNOX genes. In the derived pea clade the LFYIFLO gene 

regulates this function of generating leaf complexity. 

T ornato has a large number of mutations that either increase or decrease the degree of 

compounding in the leaf. Mutations such as w-3 and w-6, that severely disrupt any blade 

formation, also lead to radial leaflet-less structures, indicating that sorne blade and margin 

development in the leaf primordium is a prerequisite for leaflet formation. Mutations like sf 
and e that disrupt only margin differentiation do not disrupt the basic compound nature of the 

tomato leaf (Kessler et al. 2001). While wiry6 has reduced expression of the MYB gene 

PHANT ASTICA, this does not alter LeT6 expression as suggested in maize and Arabidopsis 

(Byme et al. 2000; Timmermans et al. 1999; Tsiantis et al. 1999). Rather, TKN1, a different 

KNOX gene is misregulated. In plants overexpressing LeT6, PHAN levels are 

downregulated. Expression pattems ofKNOX and PHAN in tomato are different from those 

seen in maize and Arabidopsis (Byme et al. 2000; Timmermans et al. 1999; Tsiantis et al . 

1999). While KNOX genes appear to be important for generating leaf complexity ( except in 

a derived clade in the Fabaceae) we find that other genes like PHANTASTICA might play a 

role in determining the form of the compound leaf generated. Transgenic plants 

overexpressing antisense PHAN suggest that PHAN, by modulating dorsiventrality, has a role 

in regulating the number of leaflets and their placement in a compound leaf. 

In addition to known genes like KNOX and PHAN, there must be role for as yet 

undiscovered genes in the generation of compound leaves. The genus Lepidium 
(Brassicaceae) has species that show great variation in leaf complexity. Two species are 

being examined: L. hyssopifolium, which has complex leaves; L. o/eraceum, which has 

slightly lobed leaves. Leaf primordia in both these species show KNOX expression and 
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developmental analyses indicate that the primordium in L. o/eraceum begins as a complex 
primordium but loses its complexity by secondary morphogenesis. In interspecific crosses the 
complex leafphenotype segregates in lll61

h ofthe population. We have initiated mapping of 
the two loci by using Arabidopsis RFLP markers. 

In N. aquatica leaves with different morphologies are produced depending on 
environmental conditions. Simple leaves are produced under high-light terrestrial conditions 
while lobed/ compound or highly dissected leaves are produced under low-light terrestrial and 
underwater conditions, respectively. Experiments in our lab show that GA can induce the 
production of simple leaves on plants exposed to conditions that normally induce compound 
leaves (and Unaconalzole can lead to an opposite effect. With these experiments we hope to 
understand a basic problem in plant biology - why sorne derivatives from the shoot apical 
meristem are simple, while others can be compound, and how these altemate morphologies 
may have arisen in evolutionary time. 
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Phloem loading and the regulation of gene expression in minor veins 

Brian G Ayre and Robert Turgeon, Comell University, lthaca, NY, USA 

Different vein classes in a leaf occupy distinct physiological ni ches. In growing leaves, 

nutrients are imported by, and unloaded from, the phloem of larger veins, while the smaller 

(minor) veins are still immature. As the leaf passes through the sink-to-source transition, the 

minor-vein phloem matures and begins loading photoassirnilate from the mesophyll in 

preparation for export. The predorninant role of rninor veins in phloem loading is reflected in 

their anatomy. Recently, we established that a distinct genetic program operates in rninor 

veins by demonstrating that a galactinol synthase prometer isolated from Cucumis me/o is 

active exclusively in the companion ce lis of these veins ( 1 ). Galactinol synthase catalyzes the 

first comrnitted step in the synthesis of the raffinose farnily of oligosaccharides, and is 

required in the intermediary cells (specialized companion cells) of species that phloem load 

symplastically via a polymer trapping mechanism. However, the galactinol synthase prometer 

also confers a highly specific expression pattem to companion cells that load sucrose from the 

apoplast, even though these plants do not synthesize detectable amounts of galactinol. This 

implies that the genetic program governing rninor-vein expression is highly conserved among 

higher plants, irrespective of the actual loading mechanism. We are probing this unique 

genetic program to appreciate more fully the development of rninor veins, rninor vein function 

in phloem loading, and the translocation of nutrients and signaling molecules. We have 

identified elements within the galactinol synthase prometer responsible for rninor vein 

expression by functional analysis in a heterologous host plant and by identifYing conserved 

elements within the prometer by a cladistic approach. Currently we are using these elements 

to identify interacting protein factors, and other genes that are coordinately activated by this 

regulatory pathway. 

Refereoces: 
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Ventral fate in lateral organs 

Ross Barley 

Dept. ofBiology. University ofYork. PO Box 373 York YOIO 5YW. UK 

Asymmetry is a fundamental aspect of developmental biology. Early zygotes of many 
organisms approximate in shape to highly symmetrical spheres. Most begin to diverge in 
shape early in development, as new axes of asymmetry are specified and elaborated. Many of 
these axes must be co-ordinated to ensure the correct development of new structures in three 
dimensions. In plants, lateral organs, such as leaves and petals, initiate from meristems 
elaborating a proximodistai axis with a distinct pattem of asymmetry (petiole proximal and 
blade distal), and a dorsobentral axis that becomes apparent in the differences between adaxial 
and abaxial tissues. To explain how lateral growth of the leaf occurs in aplane perpendicular 
to the stem axis, it has been proposed that the interaction of dorsal and ventral cells is 
responsible for specifying a novel lateral axis of growth (Waites and Hudson, 1995). 
Candidate genes have been recently identified for both dorsal and ventral determinants. 
Despite this, almost nothing is known about how these genes interact, specify cell fate and 
promote lateral growth. We will investigate this using cloned genes required for dorsal and 
ventral identity, and mutants lacking dorsal or ventral cell fates. We will test genetic and 
molecular interactions exploiting petals as a model for lateral organs. To expand our studies 
we will initiate a search to identify further genes required for organ asymmetry. 
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Floral development of the modellegume Medicago truncatu/a : ontogeny 
studies to characterize homeotic mutations 

Reyes Benlloch, Cristina Navarro, José Pío Beltrán, Luis A Cañas* 

Departamento de Biología del Desarrollo, Instituto de Biología Molecular y Celular de 
Plantas (CSIC-UPV), Campus de la Universidad Politécnica de Valencia, Av. de los Naranjos 

s/n., 46022 Valencia, Spain. (*): !canas @ibmcp.upv.es 

The ontogeny of Medicago truncatula flowers, like in many legume plant species, 
proceeds through a very different sequence of events from the same process in other model 
plant systems. Using scanning electron microscopy analysis, we have characterized the early 
developmental events of the wild type Medicago flower and selected morphological 
characters as markers to break it down into different developmental stages. The more 
remarkable features of the Med.icago flower ontogeny were the abaxial-adaxial unidirectional 
initiation of organ primordia within each different floral whorl in contrast to the centrípeta! 
and sequential floral ontogeny in other plants species Iike Antirrhinum or Arabidopsis, the 
existence of four common primordia to petals and stamens and the early carpe} primordium 
initiation. Organ differentiation within each of these common primordia appears to be a 
complex process that plays a central role in the ontogeny of many legume flowers. We also 
used these markers as tools to characterize early alterations in the flower development of a 
male-sterile Medicago truncatula floral homeotic mutant, the mtapetala (Penmetsa and Cook, 
2000). This mutant displays a phenotype resembling those of class B mutations with homeotic 
conversions offloral organ whorls 2 and 3 into sepaloid and carpelloid structures respectively. 
Ontogeny studies of the mtapetala mutant showed similarities with the stamina pistilloida 
mutation previously described in pea (Ferrándiz et al., 1999). Such a study could be very 
useful in the future to detect early defects in the pattem of floral development of other 
Medicago homeotic mutants, facilitating their subsequent characterization. The establishment 
of relationships with other related mutations described in different plant species will allow to 
elucidate how the B function works in legumes. 
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The HVE gene is required for venation pattem formation 

Candela, H., Martínez-Laborda, A., and Mico!, J.L. 

We have undertaken the genetic analysis of venation pattem fonnation in the 

vegetative leaves of Arabidopsis thaliana as a model to study how plant vascular cells 

determine their position and differentiate accordingly. After examining the vasculature of 97 

leaf shape mutants, each mutation affecting a different gene, we found that rotundal (ronl) 

and apiculata7 (api7) displayed abnormal venation pattems. The additive phenotypes of 

double mutants involving alleles of the HEMIVENATA (HVE) gene, which was first 

identified as a naturally-occurring variant responsible for an extremely simple vascular 

pattern, and other venation pattem genes, such as RONI, indicate that they act in independent 

pathways. In support of this notion, we ha ve found that Hve plants are sensitive to auxins and 

auxin transport inhibitors, suggesting that HVE is not involved in auxin perception or 

transport. The fact that Hve plants display altered root waving points to a possible role of the 

corresponding gene in the metabolism oftryptophan an<ilor auxin. 
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lsolation and characterization of homologs of higher plant KNOX genes 

from the moss Physcomitrella pateos 

Connie Champagne and Neelima Sinha 

Section ofPlant Biology, U. C. Davis 

Homeobox genes, which have been discovered in a range of eukaryotic species, 

determine cell fate by acting as transcriptional regulators of collections of developmental 

genes. KNOTTEDI-LIKE homeobox (KNOX) genes can be subdivided into two classes 

based on sequence similarities and expression pattems (1, 2). Higher plant Class 1 KNOX 

genes appear regulate the formation or maintenance of meristematic tissue, while the function 

of Class 2 genes remains to be determined (3, 4, 5, 6). It has been postulated that factors such 

as the change in expression of KNOX genes ha ve played a role in the evolution of plant leaf 

morphology and that Class 1 KNOX genes may have had a role in the acquisition of leaves in 

the earliest vascular land plants (7). Three independent genes named MKNI-3, MKN2 and 

MKN4 were cloned from a P. patens genomic library. Phylogenetic analysis indicates that 

MKN2 and MKN4 are Class 1 genes, and MKNl-3 is a Class 2 gene. Preliminary data 

suggests that the expression pattems of MKNI-3 and MKN4 are similar. Expression of both 

genes was observed in sorne, but not al!, chloronemal apical and sub-apical cells. Often, cells 

that were stained were not stained homogenously. Using directed gene knockout, the function 

of MKN4 has been disrupted. MKN4 knockout phenotypes will be described. Deducing the 

function of moss KNOX genes may illuminate how the transition to three dimensional 

growth, characteristic ofthe Embryophytes, occurred. 
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Tornado loci and leaf development: where does auxin comes in? 

Gerda Cnops, Jan Zethof, Janny Peters, Karen Cornelis, Els Prinsen, Marica Petrarulo, Pía 
Neyt, Marc Zabeau, Tom Gerats and Mieke Van Lijsebettens 

Laboratorium Voor Genetica, Department Plantengenetica, Vlaams Interuniversitair lnstitUut 
voor Biotechnologie (VIB), Universiteit Gent, K. L. Ledeganckstraat 35, 9000 Gent, Belgium 

The TORNADOJ (TRNJ) and TRN2 genes are required for the radial and 
circumferential pattern in the Arabidopsis root (Cnops et al. 2000). Here we want to present 
our data on the anatomy of trnl and trn2 leaves and we want to discuss the possible 
involvement of altered auxin concentration and auxin transport on the trn shoot phenotype. 
The analysis ofthe molecular marker line pDR5-GUS in a trnl-1 and trn2-1 background will 
be discussed in detail. Furthennore, auxin transport in trn 1-1 stems will be compared to the 
transport in wild type stems. 

In order to elucidate the role of TRNJ and TRN2 in as well the root as the shoot we 
started a map based cloning approach to isolate the TRN genes. Both loci map to the bottom 
half of chromosome ·5. Around 150 F2 mutants (derived from a cross of tm2 (Col) with Ler) 
were used to map TRN2 to a region of 250kb using AFLP (Peters et al. 2001) and INDEL 
(http://www.arabidopsis.org/Cereon!index.html) markers. An F2 population of approximately 
2000 plants was screened with flanking INDEL markers for recombinants in the 250kb 
region. These recombinants were used to fine-map the TRN2 region into an area of less than 
30kb using INDEL and SNP markers. The latest data ofthe map based cloning of TRN2 will 
be presented. 
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The evolution of lateral organ identity in land plants 

Susie Corley, Robert Scotland and Jane Langdale 

Department ofPlant Sciences, University ofüxford, U.K. 

Leaves can be classified into two types: microphylls, which have a single vascular 
strand; and megaphylls, which have a more complex, branching vasculature. Microphyllous 
leaves are typical of the Lycophytes, while megaphyllous leaves are typical of all other 
vascular plants (including monocots and dicots). lt is thought that the two leaf types evolved 
independently, based on phylogenetic positioning of certain leafless fossils . 

Studies in model dicot and monocot species have shown that a group of genes known 
as the ARP (asymmetricl/ rs21phantastica) genes have a role in the development of at least 
sorne megaphyllous leaves. ARP genes from various species have similar expression pattems 
and the proteins that they encode show significant sequence similarity. They also have similar 
functions, i.e. they all repress ectopic knox gene expression in leaves. 

The interaction between knox and ARP genes seems to have arisen before the 
divergence of monocots and dicots. The aim of this work is to study the evolution of this 
interaction. As it is required for normalleaf development (at least in angiosperms), it seems 
logical to study the evolution of the knox!ARP interaction in the context of leaf evolution. 
Therefore the Lycophytes represented a phylogenetically interesting point at which to start 
looking for ARP genes. So far, ARP genes have been isolated from two Selaginella species. 
These and other results will be presented. 

Instituto Juan March (Madrid)



68 

Characterization of a strawberry GAST-Iike gene 

Delafuente J.I., Castillejo C., Botella M.A. and Valpuesta V. 

Departamento de Biología Molecular y Bioquímica. Facultad de Ciencias 

Universidad de Málaga. Campus de Teatinos S/N (29071). Málaga. Spain 

A gene (FaGAST) was identified in strawberry. The deduced 106 amino acid sequence 

of FaGAST shares high similarity with previously characterised putative cell wall proteins of 

unknown function. These proteins are encoded by gibberellin inducible genes, namely 

GAST1 (for GA stimulated transcript) from tomato, GIP (for GA induced gene) in petunia, 

GASA (for GA-stimulated) in Arabidopsis, and the auxin inducible gene RSI-1 (for Root 

System Inducib1e-1) from tomato. The correspondiil.g peptides display similar structural 

features: a putative signa! peptide in the N-terminal domain, a highly divergent central region 

and a conservative 60 amino acid C-terminal domain containing 12 cysteine residues which 

defines a pattem not related to other known cysteine-rich motifs. 

Northem blot analyses revealed an increased expression leve! of FaGAST transcripts 

during the ripening of strawberry fruit. Over-expression of FaGAST in Fragaria vesca 

produced dwarfism. This phenotype correlated with the expression leve! of the transgene. 

Similarly, ectopic expression of FaGAST in Arabidopsis thaliana produced small leaf size 

during development. 

Our studies suggest that FaGAST plays an important role in GA-Iinked cell wall 

development. 
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The roles of D-type cyclins in leaf growth and development 

Walter Dewitte and Jim AH Murray 

The generation of cells, differentiation and specialization are essential for organ 

formation . A primary event in the stimulation of cell division is the activation of cyclin D 

transcription by externa! signals, including sugars and hormones. Upon association with its COK 

partner, D-type cyclins form active complexes that target phosphorylation of the Rb protein. 

During Gl phase, Rb is bound toa group ofkey transcription factors called E2F, and in doing so 

inactivate genes that are under E2F control. These include genes for cell growth, cell cycle 

progression and DNA replication. The phosphorylation of Rb in late G l causes it to lose its 

association with E2f., driving cells into DNA replication and committing them to the cell cycle. 

Experimental data for the role of D-type cyclins in leaf growth and development will be 

presented. 
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Homeobox genes and leaf development: lessons from KNA Tl, 
STMandWUS 

Giovanna Frugis 

Leaf development is the result of a fine equilibrium between areas of the shoot apical 
meristem (SAM) where cells are undiffereritiated and pluripotent (central meristem) and 
peripheral areas where cells become competent to form organ primordia. 

Sorne genes, encoding proteins that belong to the knox (knotted-like) homeobox 
farnily of transcription regulators, play an important role in the formation and maintenance of 
shoot apical meristem (Barton and Poethig 1993, Endrizzi et al. 1996, Long et al. 1996, 
Williams 1998, Vollbrecht et al. 2000) together with other homeobox genes like WUSCHEL 
(Mayer et al 1998). Overexpression of knox genes affects leaf morphology and cell 
deterrnination (Sinha et al. 1993, Lincoln et al. 1994, Chuck et al. 1996, Hareven et al 1996, 
Chan et al. 1998, Ori et al. 2000, Frugis et al. 2001). Misexpression ofWUSCHEL has been 
shown to alter flower patterning (Lenhard et al. 2001, Lohmann et al. 2001), juvenile leaf 
formation (Ramada et al. 2000) and vegetative-to-embryonic transition (Zuo et al. in phase of 
publication). 

At the present workshop, data regarding the overexpression of KNAT1 in lettuce 
( obtained in the laboratory of Prof Domenico Mariotti), the overexpression of WUS in 

Arabidopsis and the overexpression and post-embryonic silencing of STM ( obtained in the 
laboratory ofProf Nam-Hai Chua) will be shown as a comparative analysis ofthe effects that 
meristem-specific homeobox genes rnisexpression have on leaf initiation and development. 
Moreover, hormone involvement and possible interactions between different homeobox genes 
in the control of leaf initiation will be discussed. 
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Characterization of tbe dominant mutation Wavy Auricle in Blade (Wab) 

Angela Hay
1 

and Sarah Hake
1
•
2 

1 
Plant and Microbial Biology Dept, University ofCalifomia, Berkeley, CA 94720 

2 
Plant Gene Expression Center, USDA-ARS, 800 Buchanan St, Albany, CA 94710 

A maize leaf is pattemed in a proximo-distal fashion with sheath tissue proximal to 

and encompassing the shoot and blade tissue distal to and lying out from the shoot. These 

tissue types are separated by an epidermal fringe of ligule tissue and two wedges of auricle 

tissue. Dorninant knox mutations have been identified by shifts in this leaf pattem such that 

proximal tissue types such as sheath and ligule are found in distal postions in the blade. This 

defect in proximo-distal patterning is correlated with ectopic knox expression in the maize leaf 

[1] [2) [3). 

Here we describe a dorninant mutation where auricle, ligule and sheath tissue are 

found in distal positions in the blade. We have mapped this mutation to a novel position on 

chromosome 2L and, moreover, we have shown that this phenotype is not associated with 

ectopic knox expression in the leaf Here we present data suggesting a link between proximo­

distal and medio-lateral patterning in the maize leaf The Wab blade is conspicuously narrow 

and contains less than half the number of lateral veins of a wild type blade. Double mutants 

between Wab and both /igu/essl (lgl) and /g2 have extremely narrow leaves with very little 

blade tissue. We suggest that a signa! produced at the blade/sheath boundary (perhaps 

LGIILG2) is interpretted by the products of genes such as Wah in order to elaborate both 

medio-lateral and proximo-distal pattem in the maize leaf. 
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Three closely-related AP2/ERF genes alter leaf/shoot interactions and 

induce axillary shoot growth from the base of the Arabidopsis leaf 

Frederick D. Hempel, Oliver Ratcliffe and José Luis Riechmann 

Mendel Biotechnology, Inc. 21375 Cabot Blvd. Hayward, CA 94545 . USA 

In Arabidopsis, al! primordia initiated from apical meristems have both leaf and shoot 

identity. During development, however, they respond differentially to stimuli that act to 

promote or suppress various aspects of leaf and shoot development. We have identified three 

closely-related genes that pro mote the precocious outgrowth of shoots from leaf bases, when 

overexpressed under the control the constitutive 35S promoter. These three genes are 

members of the AP2/ERF-farnily of transcription factors . The AP2/ERF-farnily is unique to 

plants and contains members that are involved in development, responses to biotic and abiotic 

stress and responses to ethylene. These genes were isolated and overexpressed as part of a 

functional genornics program focused on the identification and analysis of transcription 

factors in Arabidopsis. 
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Xcll causes delayed cell divisions in developing maize leaves leading to 

cellular differentiation by lineage instead of position 

Sharon Kessler, Sumer Seiki, and Neelima Sinha 

Section of Plant Biology, University of California, Davis, CA 95616 USA 

Plant cells have been shown to differentiate by position dependent mechanisms rather 

than lineage. Molecular mechanisms controlling cell division and differentiation pattems have 

proven difficult to elucidate in plant model systems. However, the predictable pattems of cell 

division and differentiation in the maize leaf have allowed for the identification of mutations 

such as crinkly4(1), tangledl(2) and wartyl(3) which affect these processes. The maize Extra 

cell layersl (Xcll) mutation affects both ce!! division and differentiation. Oblique, periclinal 

divisions in the leaf protoderm, producing an extra !ayer of large, highly vacuolate cells 

between the mesophyll and epidermal cell layers. Mutant kemels also have severa! aleurone 

layers instead of one, suggesting that Xcll plays a role in controlling ce!! division orientation 

in cells that divide predorninantly in the anticlinal plane. The extra cell layers produced in 

leaves and kemels differentiate according to lineage and not position. In developing maize 

leaves, cell divisions occur mainly at the base of the primordium, while differentiation occurs 

in a basipetal gradient from the tip of the leaf down ( 4) . Dosage analysis of Xcll revealed that 

the mutant phenotype is caused by the overproduction of a normal gene product which shifts 

the division gradient upward and allows cells that have already received differentiation 

signals to continue to divide in aberrant planes. Therefore, in leaf development, the tirning of 

cell division determines the differentiation pathway that will be followed. 
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l. Becraft, P. W. , Stinard, P. S. & McCarty, D. R. (1996) Science (Washington D C) 273 , 1406-1409. 

2. Srnith, L. G., Hake, S. & Sylvester, A. W. (1996) Development. 122, 481-89. 
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Ab-adaxiality and leaf developmenf: the role of PHA T in leaf 

morphogenesis 

Minsung Kim, Sheila McConnick & Neelima Sinha 

Section ofPlant Biology, UCDavis 

The upper leaf surface (adaxial) is structurally different from the lower (abaxial) 

surface. Ab-adaxial organization is important for fonnation of the leaf lamina in simple 

leaved species.(l, 2, 3, 4) Compound leaves have regions where lamina fonnation between 

leaflets is interrupted. Recently, severa! genes have been studied for their roles in establishing 

ab-adaxiality and compound leaf development. (2, 5, 6, 7, 8, 9, 10) In nature, compound 

leaves are classified into two fonns: pedate and peltate. · The relationship between ab­

adaxiality and these compound leaf fonns is largely unknown. 

To dissect the function of abcadaxiality in compound leaf development, four tomato 

wiry mutants (wiry, wiry3, wiry4 and wiry6) were examined. In these mutant plants, both ab­

adaxiality and leaflet fonnation are defective and symmetric needle-like leaves without 

leaflets are made. The ab-adaxial defect can be seen from as early as cotyledons and persists 

throughout development. Tomato PHANTASTICA (PHAT), YABBY and KNOX gene 

expression are altered in these mutants, suggesting that abnormal ab-adaxiality and reduced 

compoundness are dueto the failure ofnormal activities ofthese genes. 

To understand the relationship between ab-adaxiality and different leaf forms (pedate 

vs.peltate), ab-adaxial features of leaves from various species were also examined. The 

adaxial domain was significantly reduced in peltate lea ves, suggesting that the extent of the 

adaxial domain is important for final leaf morphology. Antisense PHAT transgenic tomato 

plants often produce peltate leaves, instead of the normal pedate lea ves. These results indicate 

that leaf ab-adaxiality is important for the placement of leaflets on lea ves, and that PHA T is 

involved in these developmental processes. 
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thaliana 
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In higher plants, glucose is an essential signaling molecule that controls a \vide variety 

of developmental and physiological processes such as embryogenesis, germination, cotyledon 

greening and expansion, leaf and root morphogenesis, flowering, senescence and wounding/ 

pathogen responses, in addition to gene expression. However, the components in the glucose­

signaling pathway are mostly unknown. Isolation and characterization or glucose response 

mutants would allow us dissection of the glucose signa! transduction pathway and will 

provide important information about novel cross-talk between sugar and other signaling 

pathways mediated by phytohormones, nitrogen and light. For example, glucose-specific up­

regulation of ABA (abscisic acid) levels is a prerequisite of glucose signaling during seedling 

development, as shown by the ability of the ABA-deficients mutants to grow in the presence 

of high glucose concentrations. On the other hand, ABA-deficient and ABA-insensitive 

mutants can germinate in the presence of paclobutrazol, a GA (gibberellin) biosynthetic 

inhibitor. 

We have identified three Arabidopsis mutants, gin (glucose-insensitive) A, gin B and 

gin C, in which glucose and paclobutrazol repression of cotyledon greening and expansion 

was impaired. Moreover, these mutants present an adult wilty phenotype similar to that 

caused by ABA deficiency mutations. Endogenous ABA leve! analyses have revealed that 

one of this mutants, gin A, lacks in ABA biosynthesis. Allelism test and T-DNA localisation 

in the geno me ha ve showed that gin A is a new allele of the recen ti y cloned gene, aba2. 
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Dril, a putative transcriptional regulator, important for leaf growth 
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. Leaf growth is determínate and is defined along three axes. A pattem of growth along 

the length and width direction is responsible for the formation of the petiole and the blade, 

growth in the thickness direction is very restricted resu1ting in the typica1 sheath-1ike structure 

of the b1ade. The last few years many factors involved in growth along these three axes were 

defined. We propose that DRL1 (DEFORMED ROOT AND LEAF 1) p1ays a role in linking 

the pathways for lateral growth and dorso-ventrality in Arabidopsis thaliana (Eshed et al. 
2001). 

The drll-2 mutation was obtained in a Ds-transactivated F2 population. The mutant 

consisted of rosette and cauline leaves of which the lamina is severely reduced in the width 

direction. Anatomical analyses of the leaf lamina showed that it was a defect in cell division 

rather then a defect in cell expansion, which caused the narrow leaf lamina in the dr/J-2 
mutants. Moreover, the 1eaf b1ade was thicker compared to wild type and it seemed that the 

palisade cell !ayer was replaced by the spongy parenchyma. Based upon these data, double 

mutant analysis with angustifolia (Tsuge et al., 1996) and the analysis of dorso-ventral 

marker lines (in collaboration with John Bowman) might enab1e us to position DRL1 in the 

pathways for lateral growth and dorsoventrality. The DRLJ gene was cloned and encoded a 

putative transcriptional regulator, containing an ATP/GTP-binding domain as well as a 

ca1modulin-binding domain. DRLJ promotor activity is restricted to specific domains of the 

soot apica1 meristem and leaf primorodia. 
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To better understand the genetic mechanisms underlying plant leaf development, we have 

performed a large-scale screening for Arabidopsis thaliana mutants to identify those displaying 

abnormally shaped or sized leaves. One of the stronger mutant phenotypes found was that of the 

ultracurvata (ucu) mutants, whose vegetative and cauline leaves are spirally rolled downwards 

and show a reduced expansion along the longitudinal axis, in contrast to wild type leaves, which 

are flattened organs. We have identified six ucu fines, whose genetic analyses indicate that they 

fall into two complementation groups, UCU 1, which includes one recessive and two 

semidominant alleles and UCU2, with three recessive alleles. Severa! organs in the ucu2 mutants 

are helically rotated along the apical-basal axis, a trait that is more pronounced in roots, pistils 

and mature siliques. Following a map-based strategy, we ha ve cloned both the UCU 1 and UCU2 

genes. UCU1 was found to encode an intracellular kinase closely related to GSK3/SHAGGY, 

one of the components of the Wingless/Wnt animal signalling pathway, whereas UCU2 encodes 

a peptidyl-prolyl cis-trans isomerase of the FKBP (FK506-binding protein) family of proteins, 

whose animal homologues are known to be involved in cell signalling, protein trafficking and 

transcription. The responses of ucu 1 mutants to exogenous plant hormones and the genetic 

analysis of double mutants involving ucu1alleles indicate that UCUl is a key component in 

severa! signalling pathways controlling cell expansion and overall plant growth, including those 

of auxins and brassinosteroids. 
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DAG genes: A family involved in plastid development 

David Rengell, Sergei Kushnir2, Stefano Sparvolil and Cathie Martinl 
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The dag mutant in Antirrhnum majus is defective in leaf pigmentation due to the 

complete arrest of chloroplast development in the mutant areas. In mutant sectors, the palisade 

cells fail to develop and expand properly. The development of the etioplasts in dark is also 

affected. DAG is required for the expression of plastid encoded genes, very early during 

plastid development. 

DAG belongs to a gene family unique to plants, whose products show a transit peptide 

and a highly conserved N-terminal region. There are ten DAG genes in Arabidopsis. We have 

cloned cDNAs for 8 of these farnily members, including AtDAGl, the orthologue to the 

Anti"hinum DAG gene. 

The dall mutant of Arabidopsis has a T-DNA insertion which blocks the expression of 

AtDAG3 . In these-plants, chloroplasts fail to develop, although a low leve! of chlorophyll 

may be synthesised. Genes encoding subunits of the plastid encoded polymerase (PEP) are 

expressed, unlike in the dag mutant of Antirrhinum. 

We have isolated insertion mutants in AtDAGI, AtDAG2 (from Arabidopsis KO 

facility at the University of Wisconsin) and AtDAGS (from the collection at the University of 

Gent), but we have been unable to identifY homozygous lines. Gaps observed in the siliques 

of the heterozygous plants suggest that the mutations are seedling lethal. We are crossing 

heterozygous plants with plants carrying a dorninant visible marker linked to each one of the 

three genes to test the lethality. 

We will transform the heterozygous plants with a construct containing each gene 

cloned after a double ABI3 promoter, which allows expression during embryogenesis. We 

will also silence DAG genes using hairpin RNAi vectors. A third approach to rescue the DAG 

phenotype would be transforrning heterozygous plants with constructs that include the gene of 

interest between lox sites. 

The effect of the mutations on plastome expression will also be investigated. We have 

amplified by PCR all the 87 proteins, 4 rRNAs and 37 tRNAs from the plastid genome in 

Arabidopsis. These PCR products will be spotted onto filters, providing a too! to assess the 

effect ofDAG genes on plastome transcription. 

These and other experiments will shed light on the DAG farnily function in plastid and 
plant development. · 
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Supracellular control of the orientation of the guard mother cell division 

plan e 

Laura Serna and Carmen Fenoll 

Castilla-La Mancha University, Toledo, Spain 

More than 100 years ago, plant biologists formulated a general rule of cell division: 

cells divide in a plane perpendicular to their long axis. Thus, cells know their shape and this 

shape dictates the precise orientation of the cell division plane. Here we show that the 

stomatal precursor, the guard mother cell (GMC), in Arabidopsis does not follow this general 

rule. GMC has an oval shape, but it divides in a plane parallel to its long axis. This result 

indicates that a supracellular control prohibits that cell shape guide the orientation of the cell 

division plane, and it dictates a strict and shape-independent cell division plane alignment. 

The nature of this mechanism is unknown. 
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Genetic analysis of a new uni-like mutant in Vicia faba L 
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A new unifoliata mutant (typical compound leaf reduced to a terminal single leaflet) with 
abnormal flowers (cauliflower-head type) and sterile have been found in a germplasm 
eolleetion of faba bean. Genetic analysis of heterozygous plants showed a 3 wild type: 1 
unifoliata mutant segregation ratio. Three genes, un-a, un-b and un-e expressing the unifoliata 
character ha ve been described in Vicia faba (Sjodin 1 964). Allelism test showed that the new 
mutant is not allelic to the un-a gene however segregation data of crosses with the un-be 1 
mutant (U4) showed that the new unifoliata might be allelic to either un-b or un-e genes but it 
was not possible to distinguished which. Determination of homology with the flo/lfy gene is 
underway. 
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Texts published in the 
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by the 
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concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

* : Out of stock. 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA - Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdomenech and T. 
N el son. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J . Ortín. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Cells. 
Organizers : N. Sonenberg and L. 

Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers: M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T . A. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio­
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor­
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrales. 
Organizers: R. Baker and J. M. Delgado­
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors *10 Workshop on Engineering Plants 

Tell the Brain? Against Pests and Pathogens. 

Organizers: C. Belmonte and F. Cerveró. Organizers : G. Bruening, F. García· 
Olmedo and F. Ponz. 

*2 Workshop on DNA Structure and 
Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

*3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. Vega. 

Organizers: F. Álvarez and S. Conway 
12 Workshop on Reverse Genetics of 

Morris. Negative Stranded ANA Viruses. 

*4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A. 

of Zea Mays. Melero. 

Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. *13 Workshop on Approaches to Plant 

Hormone Action 
*5 Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers: A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. 
*15 Workshop on Signa! Transduction by 

Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-

*7 Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato andA. Ullrich. 

Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

*8 Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 

pression in Yeast. Neuronal Development. 

Organizers : C. Gancedo and J. M. Organizers : C. S. Goodman and F. 

Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

*19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B . Mathews and M. 
Esteban. 

*20 Workshop on Genomic Fingerprinting. 
Organizers : M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J . Portugal. 

*22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J. López­
Barneo. 

*23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Promoted by Plasmids. 
Organ izers: C. M. Thomas , E. M. H. 
Will ington , M. Espinosa and R. Díaz 
Orejas. 

*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers : P. D. Coleman, F. Mora and 
M. Nieto-Sarnpedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
RNA Viruses. 
Organizers: J . J. Bujarski , S. Schlesinger 
and J . Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J. Modolell and P. Simpson. 

*27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J . Downward, E. Santos and 
D. Martín-Zanca. 

*28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers : A. J . P. Klein-Szanto and M. 
Quintanilla. 

*29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski , R. H. Horvitz. 
A. López-Rivas and C. Martínez-A. 

*30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers : M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

*33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

*34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avi lés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organize rs: E. Coen , Zs . Schwarz­
Sornmer and J. P. Beltrán. 

*37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Org ani ze rs : M. Heise nbe rg and A . 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A . Fi scher and A. Arn aiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organi ze rs : K . N. Timrn is and J . L. 
Ramos. 

*40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J. León and R. Eisenrnan. 
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*41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers : T. L Blundell, M. Martínez­
Ripoll , M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

*43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

*44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin , R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

*49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín . 

50 Workshop on From Transcript to 
Protein: mRNA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj. J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers: R. W. Oppenheim , E. M. 
Johnson and J. X. Camella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of lelo­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín andA. Villasante. 

59 Workshop on RNA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S. Quatrano and M. 
Pages. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J . López­
Barneo. 

62 1996 Annual Report 

63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bernabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 
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65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido: 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer: Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
1 ntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­
bination. 
Organizers: J . C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J . L. 
Mico l. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J. Gehring. 

*74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J. Cudeiro andA. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Mo.dolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi , 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transp<?rt · of Plant Viruses and Plant 
Macromolecules. 
Organizers : F. García-Arenal , K. J . 

Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente ~ 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall , A. P. Wolffe, R. J. 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J . M. Redondo, P. Matthias 
and S. Pettersson. 

87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J . Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­
nisms of Ion Channels. 
Organizers: J . Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M.' Rico and L. 
Serrano. 
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90 1998 Annual Report. 

91 Workshop on Eukaryotic Antib iotic 
Peptides. 
Organizers: J . A. Hoffmann, F. García­
Oimedo and L. Rivas. 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in· Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo­
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso, J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers : P. Sassone-Corsi and J . R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers: E. M. De Robertis and J. 
Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizar: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . L. Bos, J . C. Lacal and A. 
Hall. 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom­
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J. H. J. Hoeij­
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa­
tion. 
Organizers: E. Lanka and J . M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J . Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain: 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

1 06 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J . Schlessinger, G. Thomas, 
F. de Pablo and J . Mosca!. 

107 Workshop on Biochemistry and Mole­
cular Biology of Gibberellins. 
Organizers: P. Hedden and J . L. García­
Martínez. 

108 Workshop on lntegration of Transcrip­
tional Regulation and Chromatin 
Structure. 
Organizers: J. T. Kadonaga, J . Ausió and 
E. Palacián. 

1 09 Workshop on Tumor Suppressor Net­
works. 
Organizers: J . Massagué and M. Serrano. 

110 Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. D. Burgoyne and G. Álva­
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers: R. Yuste and S. A. Siegel­
baum. 

112 Workshop on the Myc Network: Regu­
lation of Cell Proliferation, Differen­
tiation and Death. 
Organizers: R. N. Eisenman and J . León. 

113 Workshop on Regulation of Messenger 
ANA Processing. 
Organizers : w. Keller, J . Ortín and J . 

Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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115 Workshop on Chaperonins: Structure 
and Function. 
Organizers: W. Baumeister, J. L. Garras­
cosa and J . M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers: J . J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches 
to Tuberculosis. 
Organizers: B. Gicquel and C. Martín. 

118 2000 Annual Report. 

119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers: D. R. Madden, W. Kühlbrandt 
and R. Serrano. 

120 Workshop on Common Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics 
and Bioinformatics. 
Organizers: B. Honig , B. Rost and A. 
Valencia. 

122 Workshop on Mechanisms of DNA­
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers: J . S. Stamler, J . M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín , V. G. Corees, T. 
Kouzarides and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers: C. J . Tabin and J . C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning 
and Specification. 
Organizers: K. G. Storey and J . Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers: E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

Out of Stock. 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers: E. Blumwald and A. Rodríguez­
Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers: V. Sundaresan and C. Gutié­
rrez. 

130 Workshop on Molecular Basis of Hu­
man Congenital Lymphocyte Disorders. 
Organizers: H. D. Ochs and J . R. Re­
guaira. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions: Encountered or Unified 
Views. 
Organizers: M. G. Parker and M. A. Val­
verde. 

132 2001 Annual Report. 

133 Workshop on Stress in Yeast Cell Bio­
logy ... and Beyond. 
Organizers: J . Ariño. 
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The Centre for Intemational Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private foundation specialized in scientific activities 

which complements the cultural work 

of the Fundación Juan March. 

The Centre endeavours to actively and 

sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 

Courses, Seminars and Symposia. 

From 1989 through 2001, 

a total of 162 meetings, 

aii dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 

Instituto Juan March (Madrid)



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the /1 11! through the J]lh of Februwy, 2002, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's texl. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


