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The molecular and genetic analysis of floralllomeotic mutants are providing many 
important insights into tbe flower developmental biology field. Progress accomplished 
using two experimental systems, Arabidopsjs thaliana and Antirrhinum majus has led 
to tbe so called ABC model of floral organ identity specification. In this model there 
are three activities that are present in overlapping manner in an early floral 
primordium, such that four domains of activity are prcsent. Thus, A function causes, 
in the floral periphery, the differentiation of sepals. Cells with both A and B 
functions present develop petals. Stamens result from combined B and C activity and 
carpels Crom e activity alone. Besides, A activity and e activity are mutually 
exclusive. 

Genetic evidence for tb.is model has bee.n obtained. Genes associated with each 
activity A, B, C, have been isolated and characterized. Besides, two clases of 
npstream genes have been identitied: thc meristem identity genes which are positive 
regulators of the A B e genes and the cadastral genes which would act to present 
ABC genes from becoming active in unappropriate places. 

1bis workshop has brought together twenty invited speakers and twenty eight 
participants from Europe, the U .S.. Canada and Australia to discuss their recent 
progress in two related and challenging areas: the mecbanisms governi.ng the 
transition from vegetative to reproductive merlstems and the genetic and molecular 
bases of pattem formation and differentiation during flower development. From 
presentations and discussion floral induction appears as a very complex process in 
wbich many environmental factors, such as daylength, vemalization and light quality 
partic.ipate. Experimental conditions that allow growtb and flowering of Arabidopis 
plants under complete darkness were reponed. Genetic analysis of dark 
morphogenesis could help to dissect and understand floral transition. The cloning of 
constants a gene that promote flowcring in response to long days has allowed the 
molecular analysis of light mutant alleles, and suggest the presence of a new family 
of transcription factors controlling floral in.ducúon. Impatiens appears as an 
interesting experimental system to test the deterrnination of floral meristems. Sorne 
signals were suggested to participate in the floral transition, although a clear signa! 
transduction pathway both in floral transition and flower development remains to be 
established. The biochemical patways leading to concrete mechanism goveming cell 
differentiaúon under tbe control of MADS-box genes remain uncovered as a great 
challenge for the future. Majar progress in tbe molecular cbaracterization of the 
MADS-box gene fanúly wa.~ reported. The isolation and characterization of MADS
box genes from other plants of agronornic interest such as Petunia. tomato, pea and 
maize among others, open the door to future biotecnological manipulations in these 
species. 

The .ll1i.1tla gene, controls the development of specialized shape of peta! epidermal 
cells. As it was reported its ectopic expression in tobacco influenced the shape of 
epidermal cells Crom other plant parts, besides petals, and, in some instances, induced 
trichome differentiation. lnterestingly, mixta is a myb gene, like GLl from 
Arabidopsjs which also controls trichome differentiation. Plant mm genes, however, 
were first described because their involvement in the regulation of phenylpropanoid 
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biosynthesis. In fact, as proposed in the workshop, this metabolic pathway might be 
a common aspect in the action of the plant myb gene family. 

The genetic analysis of flower shape and floral simmetry reported promises new 
exciting times in flower development. 
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Physiological and genetical analysis of the sucrose signal 
at the transition to flowering 

Georges 8ERNIER, Laurent COR8ESIER and Andrée HAVELANGE 

Laboratory of Plant Physiology, University of Uége, 822, Sart Tilman, 

84000 Liége, 8elgium 

Available evidence indicates that the control of the transition to flowering is 
multigenic and multifactorial (8emier et al., 1993). One of the controlling factors or signals in 

many plants is apparently a better supply of sucrose to the shoot apex. Supporting 

evidence has been obtained in both the long-day plant (LOP) Sinapis alba induced by a 

single LO or by a single displaced short day (OSO) (Lejeune et al., 1993) and the SOP 

Xanthium strumarium induced by a single long night (LN) (Houssa et al., 1991). 

Remarkably, this increased sucrose supply is observed not only in inductiva conditions 

involving an increase in photosynthetic C02 f1Xation (Sinapis exposed to one LO) but also in 

conditions where induction does not modify (Sinapis exposed to one OSO) or decreases 
photosynthetic C02 fiXBtion (Xanthium exposed to one LN). This strongly suggests that the 

extra-sucrose arises in many cases not from increased photosynthesis but from mobilization 

of reserve carbohydrates, presumably starch, stored in various plant parts. 

In Sinapis the effect of the extra-sucrose supply is manyfold. Upon arrival at the 

apex, sucrose causes an increase in acid invertase activity, mitochondrion number and 

presumably stimulates the energy metabolism of meristematic cells (8emier, 1988). 

Sucrose also cooperates with cytokinins (CKs) in decreasing the duration of the cell cycte 
and its componen! phases in these cells (Bemier et al., 1993). On the other hand, the 

experimental evidence strongly suggests that the extra-sucrose is the Jeaf-to-root signa! 

causing an earty increased export of CKs out of the root system. This extra-CK supply to 

the shoot, eventually reaching the apex, is another essential signal for the flowering 
transition in Sinapis. The sucrose signal - either alone or combined with the CK signal - is 
unable however to trigger the whole process of the floral transition in Sinapis, and thus 

other signals are at work in this species. 

The conctusion of the physiological analysis is that sucrose is an essential but 

insufficient signal of the flowering transition. 

Mutan! and transgenic lines of Arabidopsis thaliana with a defect in their 

carbohydrate metabolism have been used to test this inference : two starch mutants of the 

Columbia wild type (WT) (a) the phosphoglucomutase (pgm TC 75) starchless mutant 

(Caspar et al., 1985), and (b) the starch overproducer (sop TC 26) mutant which results 

from a deficiency in an unknown step of starch degradation (Caspar et al., 1991); the 
transgenic line A41-49 produced from the C24 genotype expressing the yeast invertase 
gene suc2 in the cell walls (von Schaewen el al., 1990) (Express ion of this gene in the walls 
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should block any apoplastic movement of sucrose and thus reduce export of sucrose out of 

the mature leaves). All mutant and transgenic lines are facultative LDPs and facultative 

cold-requiring plants as are the Columbia WT and the C24 genotype, but all mutant and 

transgenic lines have a late-flowering phenotype compared to their respective WT or 

untransformed lines. The delayed flowering is progressively more detectable as daylength is 

decreased. In all lines seed vemalization suppresses the late-flowering character, so that 

the pgm and sop mutants now flower at the same time as the unvemalized Columbia WT 

and the transgenic line A41-19 almost at the same time as the vemalized C241ine. 

These observations support the conclusion that carbohydrate metabolism, especially 

starch mobilization and sucrose transport, is an essential process in the control of the 

flowering transition. 

Research supported by a grant from the University of Uége (PAI). LC. is a fellow of 

I.R.S.I.A. The pgm and sop mutants were provided by Drs C. Somerville and C. Dean, and 

the transgenic line by Dr. L Willmitzer. 
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Genetic control of floral transition in Arabidopsis thaliana 

J.M. Martínez-Zapater, M. Roldán, L. Ruiz-García y J. Salinas. 

Opto. de Biología Molecular y Virología Vegetal. 
Centro de Investigación y Tecnología. INIA. 
Ctra. de La Coruña Km 7, 28040 Madrid, Spain. 

Flowering in Arabidopsis is promoted by long photoperiods and, in sorne ecotypes, by 
low temperature exposure (vemalization) (1). Mutations that produce a late flowering 
phenotype under floral inductive conditions have have been used to identifY more than 10 
loci, thought to be involved in the promotion ofthe flowering process in this species (1, 
2, 3). Additionally, early flowering mutants, which likely identify 1oci involved in the 
repression of the flowering process ha ve recently been identified ( 4, 5). Physiological and 
morphological characterization of the responses of late flowering mutants to daylength, 
vemalization and light quality has allowed their classi.fication in different phenotypic 
groups that could represent, at least, two different floral promoting pathways. Mutations 
at loci like FVE, FCA, FPA, FY or LD, produce a delay in flowering time under any 
daylength anda reduction in stem elongation that can be rescued by vemalization (1, 3, 
6, 7). On the other hand, mutations at loci like CO, G/, FWA or FT only produce a delay 
in flowering time under long days and are very similar to wild type under short days (1, 
3). These mutants also show a very reduced response to vemalization (3, 6). 

Based on morphological features, the development of Arabidopsis can be divided in four 
different developmental phases, early rosette, late rosette, early inflorescence and late 
inflorescence (8, 9). When this morphological analysis was perforrned in severa! late 
flowering mutants belonging to both phenotypic groups, we found that the delay in 
flowering time caused by these mutations under long days is the consequence of an 
elongation of alJ the developmental phases of the plants, from the early rosette phase to 
the speci.fication of the floral meristems (9, 1 0). A similar effect in Arabidopsis 
development is ca u sed by non inductive photoperiods (1 0). These results suggest a 
function for the corresponding loci either very early in plant development or all along the 
development ofthe plant (10). In this way, the analyses ofdouble mutants carrying late 
flowering mutations and mutations in floral meristem identity genes, such as LFY, AP 1 
and AP2 (8, 11), indicate that the products of the wild type genes identified by late 
flowering mutations in both promotive pathways are directly or indirectly involved in the 
activation ofthe floral meristem identity genes. On the other hand, the analysis of double 
mutants carrying late flowering mutations and mutations at TFL, a locus which activity 
precludes the establishment of the floral program in coflorescences and inflorescence 
meristems (12, 13), suggest a differential interaction among TFL and genes belonging to 
different floral promotive pathways. 

Based on previous reports ofdark flowering in Arabidopsis (14, 15), we have identified 
experimental conditions that allow succesful growth and flowering of Arabidopsis plants 
under complete darkness. Under these conditions, the only restriction for morphogenesis 
seems to be the availability of carbon at the aerial part of the plant, what is provided by 
growing the plants on vertical Petri dishes. Dark morphogenesis taking place at the 
apical meristem gives rise to etiolated plants that flower after the production of a 
determined number of leaves. Late and early ecotypes, showing strong differences in 
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flowering time and leaf number under long days, flower with the same number of leaves 
when grown under our conditions. Moreover, all the late flowering mutants tested, 
except those at loci FWA and FT, flower with the sarne number of leaves, suggesting 
that, under these conditions, only those two loci are involved in the dark morphogenic 
proccess. 

All these results will be consider to discuss possible models on the genetic control of 
floral transition in Arabidopsis. 
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Insígbts into flowsring from revers1on in Iapatiens 

Nick Battey, Sylvie Pouteau, David Nicholls, Piona Tooke (Plant Sciencea, 
University of Reading, R.eading RG6 2AS, UK) & En:rico Coen (John Innes 
Institute, Colney Lane, Norwich NR4 7UH, UK) • 

I. balsltmina cv. Dwarf Bu eh Flowered forma a terminal flower when grown in 
inductive ahort days . Tranafer to non- inductive long days during flower 
development causes reversion to leaf initiation . The greater the number of 
short days before transfer, the further developed the flower becomes before 
reversion, giving a range of reversion types classified as RO-R7 (Battey & 
Lyndon, 1984). 

We have concentrated our analysis on planes showing the R4 reversion type , 
whi ch , in place of the flower, develop organs intermediate between leaves and 
petals . The reverted merietem then ini tia tes 1eaves in whorls . Thia 
arrangement is characteristic of floral organs, and togethe:r with the absence 
of axillary meristems, indicates that the leaves are not purely vegetative . 
This is confirmed when the reverted planta are returned to inductive 
conditions : the young 'leaf' primordia are able to switch to petal 
development; they gradual1y lose this developmental flexibility until, when 
they are approx 750 um long, they are fully committed a~ leaves (Battey & 
Lyndon, 1986; 1988). This is in rnarked contrast to 1eaf primordia on the true 
vegeto.tive meristem whicb, in common with leaf primordia of other species, are 
committed to vegetative development at or very close to the time of their 
initiation (Bo.ttey & Lyndon, 1988) . The inductive treatment therefore does 
not commit the meriatem to flower development, but it does result in an 
altero.tion in the determination time of the leaf primordio. subsequently 
initiated. 

This po.tte:rn of flowering, reversion and re - flowering offers the 
opportunity for a number of insights into the control of flower development . 
Piret , it contrasta with the situation in many planta, in which floro.l 
commitment appears to occur very early, so that the meristem is considered 
committed well before the appearance of the first floral organs (Bernier et 
~1 . , 19Ql). However, reversion has been reportP.d in B widP. variety of cases, 
often in photoperiodically sensitive species in marginally inductive 
conditions (Battey & Lyndon, 1990). Reversion could therefore imply that 
commitment to flower is nota real event; alternatively, Impatiens (and other 
plante wben they revert) could be demonstrating a weak or partial functioning 
of the normal ccmddtment etep . 

The second point tho.t Impati.ens makes is that organ arrangement and 
identi ty are controlled independently . To study how this control is achieved 
during flowering and reversion, PCR fragmente corresponding to the homologues 
of · the homeotic genes FLORICAULA and FIMBRIATA have been isolated from 
Impati.ens . PLO and PIM expression has been analysed by RNA in situ 
hybridisation with digoxigenin - labelled probes at different times after 
induction and compared to vegetative controle. An unexpected finding is 
expression of FLO and FIN in the vegetative merisr.em. The expression pattern 
of FLO does not show any cleo.r difference in vegeto.tive and floro.l terminal 
apices, indicating that its transcriptiono.l control does not play o. key role 
in flower induction. By contrast, the FIN pattern of expression changes 
during petal initiation, reflecting the involvement of FIN in the control of 
organ identity . 

The implications of these resulta for understanding commitment and flower 
development will be discussed . 

Acknowledgement 
We are grateful to the BBSRC (OK) and INRA (France) for supporting this work . 
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Molecular genetie analysis of the control of nowering time in response to daylength in 
Aftlbidopsis 

George Coupland, Joanna Putterill, Frances Robson, K.aren Lee, Rüdiger Simon, Isabel lgeño, 
Katberine Dixon, Lauri:m Robert, Sudhansu Dash a.nd Giovanni Murtas. 

Arabidopsis ls a facultative long-day plant, flowering earlier under long (16 hours light) than short 
(10 hours light) days. We have used molecular-genetics to srudy this phenotype. The approach that 
we used was to identify mutants tbat flower at approximately the same time under botb long and short 
days (i.e. are day-neutral), and then to lsolate che genes affected by the mutations. Broadly two types 
of mutants were identified: early day-neutral mutants that are early flowering under both long and 
short days, and late day-neutral mucants that are late flowering under both conditions. 

Mutants in the late class were identified by Redei (1) and Koomneef and colleagues (2). Three 
late flowering mutants, constans (co), giganrea (gi) andjha, flower later chao wild type under lon.g 
days, and approximately the same time as wild type under short days. These three genes thetefore 
probably promote flowering in response to long days. We are cloning genes in thls class to determine 
their function. Their locations on the Arabidopsis genetlc map were previously determined (2) . We 
used this information as a starting point to clone CO by chromosome walking. The protein product 
contains two zinc fmgers, suggesting that it binds DNA and is involved In gene regulation (3). The 
CO mRNA is present at higher abundance in long day grown than in short day grown seedlings, 
whlch is consistent with lts proposed role of promoting flowering under long days . The mRNA is 
present at low leve! In leaves and stems, making lt difficult to predict whether CO is involved In 
lnductlve processes in the leaves, or whether it is requlred at the shoot apex. Analysis of eight mutant 
alleles showed that 5 affect the zinc fingers, supponlng the suggestion that these sequences are 
lmportant for CO function. Two others affect neighbouring amino aclds near the carboxy-terminus 
and one is a prometer mutation. Double mutant plants containing co as well as mutations affecting 
genes in volved in light reception, gibberellic acid (GA) metabolism or floral morphology were made 
and analysed. These suggested that the GA JNSENS!TTVE (GAT) gene, that is involved in GA 
metabolism, can partially compensate for loss of CO function . Furthermore co greatly enhances the 
phenotype of leafy, suggestlng that CO mighr directly or indirectly pro mote the activity of meristem 
identity genes. 

The second class of flowering time mutanrs chat we ha ve srudied are those in the early da y
neutral class. By scceening M2 populations derived from gamma irradiated seeds, we identified three 
early flowering mutants, and were provided with two others by Maarten Koornneef. We have srudied 
in most detail a severe mutatlon called early shon days 4, that causes mutanrs to flower very early 
under short days. We have demonstrared that in double mutant combinations esd4 suppresses the late 
flowering phenocype of co_ We have mapped esd4 to a short interval on chromosome 4, and are 
making use of the available physical map of this region (Schmidt and Dean, unpublished) to isolate 
the gene. 

l. Redei, G.P. (1962) Supervital mutants of Arabidopsis- Genetics 47, 443-460 

2 _ Koornneef, M., Hanhart, C.J. and van der Veen, J .H. (1991) A genetic and physiological analysis 
of late-flowering mutanrs in Arabidopsis chaliana_ Mol Gen Genet 229, 57-ó6 

3. Putterill, J., Robson, F., Lee, K, Simon, R_ and Coupland, G_ (1995) The CONSTANS gene of 
A.rabidopsis pro motes flowering and encodes a protein showing similarities to zinc finger transcription 
factors _ Cell in press 
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MOLECULAR AND GENETJC ANALYSIS OF EARLY FLOWER 
DEVELOPMENT IN ANTTRRHTNUM MAJUS 

Peter Huijser, Joachim Klein, Guillermo Cardon, Susanna Hohmann, Frédéric 
Cremer, Hans Meijer, and Heinz Saedler. 
Max-Planck·lnstitut für Züchtungsforschung, Carl-von-Linné-Weg 10, 50829 Koln, 
FRG. 

SUMMARY 

Our main scientific interest concerns the molecular genetic mecha.nistru acting 
between the flower promoting signal(s) and the establishment of floral meristem 
identity. 

Flower formation in our model species Antirrbi.aum 1118jus is preceded by the 
conversion of a vegetative shoot apica! meristem into an inflarescence apical 
meristem. Floral meristems will subsequently arise as secondary mcristems on the 
flanks of this primary inflorescence apical meristem. 

In Antirrbi.aum the genes FLORJCAULA (FLO) and SQUAMOSA (SQUA), 
encoding putative transcription factors, are among the earliest genes known to 
becomc activated after floral induction. lhmscription of these genes is highly 
up-regulated in the inflorescence secondary meristems, and is, as deduced from the 
respective mutant phenotypes, required to determine their floral identity (Coen et al 
1990; Huijser et al 1992). 

However, FLO and SQUA seems to act relatively late in the genetic hierarchy 
controlling the flowering process as a whole. In fact, their activation demarcates the 
start of what actually represents the final stage of the flowering process, i.e. the 
realization of a flower. 

In recent years, several floral homeotic genes were isolated that could be under the 
control of the floral meristem identity genes. However, our k:nowledge of the 
mechanisms controlling these meristem identity genes themselves or even earlier 
stages of the floral transition, remain unsatisfactory. 

During early steps, ie. floral induction and evocation, the mechanisms controlling 
flowering can be strongly influenced by many aspects of plant growth. Therefore, it 
is to be expected that many mutations of genes involved in the general metabolism 
of the plant will affect flowering time, that is the appearance of the flrst flower and 
thus the activation of the floral meristem identity genes. 

To avoid the possible isolation of 'flowering time genes' that are only seoondarily 
involved in the floral transition, we started a search for genetic factors directly 
involved in the regulation of the floral meristem identity genes. Using an 
electrophoretic mobility shift assay (EMSA) we identified putative regulators of 
SQUA through their speciflc interaction with the SQUA promoter region. One 
particularly clear in vitro complex formation .was found between a def'med sequence 
motif and nuclear protein extracted from inflorescences. The same motif showed no 
specific interaction with nuclear protein extracted from non-flowering plants. 
Subsequent south-western screening of an inflorescence speciflc expression library 
using this specific sequence as a probe resulted in tbe isolation of two different genes 
uamed SBPl and SBP2 (SBP for ~QUAMOSA PROMOTER !l_INDING fftai'EJN). 
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The encoded proteins share a conserved domain neccssary and sufficient for sequence 
apecií&e DNA-binding and were found to rcpresent a small family of at least four genes. 

No sequences similar to the SBP genes and their products could be detected in the 
databases. Conversely, highly related genes could be isolated from Arabidopsis and seem to 
be present in other flowering plants as well In addition, the protein products of the SBPl 
and SBP2 releted genes in Arsbidopsis recognize in vitro a similar DNA motif present in 
the promoter of APETALA-1, the presumed SQUA orthologue in this species (Mande! et 
al 1992). 

The SBPl and SBP2 genes, as well as their Arabidopsis counterparts, are developmentally 
regulated whereas other members of the family seem to be expressed more constitutively. 
Thcir importance for the floral transition is currently investigated in transgenic plants. 

REFERENCES 

Cocn et al (1990) Ccll, 63:1311-1322 
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Between meristem and organ identity: establishment of organ 
number and whorl position in developlng Arabidopsis nowers. E.M. 
Meyerowitz, Division of Biology 156-29, California Institute of Techriology, Pasadena, 
California 91125, USA. 

In the development of flowers, organ primordia can arise in stereotyped posiliom and 
numbers, as if the cells of the floral meristem can measure and count To fmd out how floral 
organ numbers and positions are established, we ha~ collected a group of Arabitlopsis 
inutants in which floral organ number is increased or decreased. and have proceeded to 
genetically analyze sorne of the rnutations. 

'The fU"St-studied set of mutations was an allelic series of lesions in the CLA VATAJ gene, 
which maps toward the bottom of the fJCSt chromosome. Mutations in the gene were fU'St 
identified and mapped by Koomneef and bis cowor.kers (Koomneef et al., 1983). and were 
shown to affect apical meristeril siz.e, and to cause fasciation by Leyser and Fumer (1992). We 
bave looked at severa! alleles, and foood that the stronger (greater departure from wild type) . 
ones cause increases in the numbers of organs in all floral whorls, and a1so cause the formalion 
of additi.onal wborls intemal to the fourth whorl (these ha ve a1so been noted by Shannon and 
Meeks Wagner, 1993). The addilional whorls develop into pistils, giving tlowers with 
multiple nested ovaries. Laser scanning confocal microscopy has shown that the basis of a1l of 
the phenotypes is that there are many extra ceUs in all apical meristems, whether vegetative or 
floral (Clark et al., 1993). In strong alleles and in some environmental conditions such as low 
temperature, the cell divisions in apical meristems appear to grow completely out of control, 
anda huge overgrowth of the meristem results. Thls causes different types of stem fasciation 
or floral fasciation, and can lead to shoot apical meristems on Arabidopsis much larger than 
normal for Arabidopris, and in fact larger than known for any plant, including such giants as 
oaks. The wild-type function of CLVl thus appears to be the limitation of cell division in 
apical meristems. 

To better understand the processes of cell division control in meristems, we have now 
isolated mutations in additional. genes. Allelic series of CIA VATA2 (chromosome 1) and 
CLA VATA3 (chromosome 3) have been obtained, and clv3 mutations studied in detail (Clark 
and Meyerowitz, 1994; Clark, Running and Meyerowitz, submitted for publication). The 
phenotype of clv3 mutations is similar to that of strong clvl mutations. Double mutants 
between the strongest clvl and clv3 alleles show no phenotypic difference from either single 
homozygote. This implies that the genes might act in the same, and not in parallel, pathways. 
This noti.on is strengthened by the finding tbat clvll+; clv31+ transheterozygotes show 
nonallelic noncomplementation, tbat is, such transheterozygotes show a strong Clavata
phenotype. It thus appears that a heterozygous lesion in one CLA VATA gene rnakes tbe plant 
niuch more sensitive than usual to a quantitati ve change in the amount of product of anothec 
CLA VATA gene. Additional, similar mutations ha ve been foood, for example mutations in a 
new gene named MULTIPEI'AL4. also cause increased cell and floral organ numbec (Rwming 
and Meyerowitz, in progress). 

These studies lead to two düferent questions. One is, How are cell divisions controlled in 
meristerns? To investi.gate this, we have looked at sorne new mutations that reduce floral 
meristem cell number. One group are alleles of TSOl (chromosome 3; Li.u and Meyerowitz, in 
progress). The tsolmutant phenotype is cessation of cell division in floral meristems, with 
only mirúmal effects on vegetati.ve development. Transmission electron microscope analysis of 
the mutants shows that cell division appears to be blocked in cytokinesis: one can fmd 
binucleate cells with partial cell walls, and with what appear to be unfused phragmoplast 
vesicles. In older flo:.vers large cells with large nuclei are found; quanütation of the DNA 
content of these cells by microspectrophotometry shows that they are highly polyploid.-
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The secood question raised by the cell division mutations is the original question: How do 
cells count? We can see from the fact.that extra cells ( or large meristems) lead to extra floral 
organs that tbe organ primordia are somehow measuring cell numbet or distance. and not a 
fixed angle. But how is the number' or di.stance measured? We have only one mutation that 
aeems primarily to afl'ect organ number without affecting cell numbet, and this is 
PERIANI1l1A (cbromosome 1; Running and Meyerowitz, in progress). Mutations in this 
gene cause thc Arabldopsis flowers to bave five-fold symmetry. Tbe mutant flowers typically 
have five aepals, rrve petaLs, five starnens and two carpels, rather than the usual4,4,6, and 2. 

RBFERENCBS: 
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. FUNCTION OF PLANT MYB GENES IN THE REGULATION OF . THE 
_. BIOSYNTHESIS_ OF PHENYLPROPANOIDS. INSIGHTS FROM BloCHEMISTRY 

R. Solano, C Nieto, L Romero, A Fuertes, A J.eyva and J. P3Z-Ares 
Centro Nacional de Biotecnologia-CSIC ' 
Campus UniverSidad Autonoma; 28049-Madrid, SPAIN 

Phenylpropanoids are a class of metabolites, originating from phenylal~e, which serve 
severa! funciions in plants: structural components of cell walls, .protectants against UV 
ligth,pathogens and oxidative stress, attractants of polinators, signal molecules etc:·The 
pathway leading to the synthesis of phenylpropanoids is a multibranched pathway, 

. refiecting the chemical diversity of this class of compoim.ds, despite their common · 
precursor. Genetic and biochemical evidence have shawn ~ ~genes are oné ofthe 
classes of genes involved in the regwation ofthe phenylpropanoid pathway. This family 
in eludes . a large number of members, at least 70, in each plant species, most of them 
encoding a higbly related MYB D NA-binding domain, composed oftwo repeats ( R2 _and 
R3); suggesting that they migth share some target genes. However, at present, there are 
only three m. genes, the maize Q, PI and f. genes, which have been conclusiVely shown 
to regulate phenylpi:opanoid biosynthetic · genes. To evaluate to. what extént . the . 
r e m ainin~ ~genes could also participate m the regulation of this metabolic Pllthway ~ . 
we have chosen the myb.Ph3 gene from PetUnia· for bi<>chemical analysis, since __ "this is · 
one of the plant myQ_ genes most distantly related to the ~aize Q.. PI and f. genes. Using · 
a binding site selection protocol, the DNA .sequences recognized by MYB.Ph3 were 
found to fall into two classes, re5embling the two lrnown types of MYB DNA-binding 
sites: .consensus type 1 (MBSI), aaaAaaC(G/qGITA, . and CODSensUS type n (MBSII), 
aaaAGIT AGITA Optimal MBSI was strongly bound by c-MYB froin ailllitals and not 

· by Am305 from Antirrhinum majus , whereas optinuil MBSIT was bound by Am305 and · 
not by c-MYB protein. Different constraints ón MYB.Ph3 binding to the two classes of 
sequences were demonstrated by 'DNA-binding studies with mutated MBsi and.MBSll. 
These studies, as well as hydroxyl radical footprinting analysis, pointed to fue R2 repeat 
as the most involved in determining the dual DNA biiiding specificity of MYB.Ph3 and 
supported the idea that binding to MBSI' and MBSII does not involve altemative 
orientations of the two . repeats of MYB.Pli3 dewite the · resemblance of.MBSI and 
MBSll to (imperfect) inverted and düect repeats of the GITA motif. respectively: A 
minimal promoter contai.ning either MBSI. or MBSll was . specifically activated ~y 
MYB.Ph3 in yeast, indicating that both t#.es of binding si te . cail be fuitctionally 
equivalent. In aggreement with this, MYB.Ph3 mdueed, vexy similar distorsions on both 
MBSI and MBSIT. MYB.Ph3 binding sites weie found ai: . the promoter of several 
phenylpropanoid (fiavonoid) biosynthetic geQes, .specially chs geiJ.eS, such as the Petunia 
chsl gene; which was shown to be transcriptionally activated by MYB.Ph3 in tobacco 
pro~oplasts . Moreover, MYB.Ph3 was detected by in situ immunolocalizatiori in the 
epidermal cell layer of petals, a cell type in which ftavonoid biosynthetic genes, , are 
actively . expressed, strongly suggesting · a · role of this protein in -the regulation of . 
ftavonoid biosynthesis, and, thu5~nsistent with the notion thatni.any myb genes regulate 
this br relate~ pathways . .· . . . 
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•Floral organ initiation and developrnent in wild-~pe Arabidopsis and in the organ identity 
rnutants. 

Elizabeth M. Lord 
University of California, Riverside, CA 92521 USA 

The flowecs of Arabidopsis thaliall{l (Brassicaceae) were exarnined for histological events 
during organ initiatíon and latcr developrnent. An inflorescence plastochron of the rnain stcrn 
racerne was used as a basis for the tirning and staging of developrnental events. Sepals, petals, 
starnens, and ~ in wild-type landsberg erecJa Arabidopsis are distinguishable as prirnordia in 
terms of cell divlSion events associated with initiation, size, and rornponent cell numbers. Flower 
organogenesis in the organ identity (horneotic) rnutants, pistillata, apetala2-1 and a$_amous-1 was 
rornpared with that of the wild type. In the rnutants, each whorl of floral organs inttiates rnuch 
lik:e the wild type ~d only sub~uently ~roduces visibly altered organs ~th .mo.saic features. The 
flower organ fdentity mutants achteve the.t.r mature phenotypes by alteratlons m u.ssue 
differentiation that occur after initiation and early primordial developrnent. An argument is made 
for the value of documenting the histology and timing of initiation and subsequent dev~lopment of 
flower organs in order to understand the genetic mechanisms underlying these events. The data 
support a sequential model for rontrol of floral organogenesis in Arabidopsis. 

Reference: Lord, E. M., Crane, W., and I. P. Hill. 1994. "Timing of events during flower 
organogenesis: Arabldopsis as a rnodel systern• in Current Topics in Developmental 
Biology, Vol. 29, (R. A. Pedersen, ed.). pp. 325-356. 
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Genetic and Molecular Studies ofFloral Pattem Formation in Arabidopsis 
thaliana. E.M. Meyerowitz, Division of Biology 156-29, California Institute ofTechnology, 
Pasadena, California 91125, USA. · 

We are trying to understand the mechanisms by which flower pattems develop. Our initial 
work was on the radial pattern of organ identity, and suggested the present ABe model of 
floral organ identity specification. In this model there are three activities that are present in 
overlapping fashion in an early floral primordium. such that four domains of activity are 
present In the floral periphery A function is present. causing the organ primordia that develop 
there to differentiate to sepals. Intcmal to this there is a ring of cells with both A and B 
functions present, causing petals to be specified. Stamens result from combined B and e 
activity, and carpels from e activity alone. Furthermore, A activity ande activity are mutually 
exclusive, so that removing one enlarges the domain of the other. The early evidence for this 
model carne from the phenotypes of loss of funcúon mutations in individual genes necessary 
for A, B ore function. More recently, we have been using cloned A, B ande genes to see if 
ectopic expression causes phenotypes that fit the predictions of the model, and to see if any of 
the individual genes cloned (or combinations of them) are in fact sufficient to provide the 
activity for which they are necessary. Some ongoing work has used the two known B function 
genes. We have found that combined expression of APEIALAJ and PISI'llLATA is 
sufficient to provide B function in flowers (but not outside of flowers). This indicates that, 
within developing flowers, the only spatially 1ocalized gene products necessary for B function 
are those coded by these genes. It also indicates that there is an additional factor that is 
generally present in flowers, but not in vegetative plant parts, that is necessary for B function. 

The ABe model raises a series of questions. One concerns the way in which the three 
activities are spatially regulated in developing flowers, so as to provide the rings of activity that 
lead to the sepal-petal-stamen-carpel radial pattern of organ types. We have conceptually 
divided the upstream genes into two classes. One contains the meristem identity genes, which 
are positive regulators of the ABe genes (and which so far seem to act uniformly in floral 
primordia). The other contains the cadastral genes, which, formal! y at least, act to prevent 
ABe genes from becoming active in inappropriate places. Among these genes are 
SUPERMAN, which formally acts to maintam the mner boundary of B gene expression, and 
CURLY LEAF and LEUNIG, which participate along with A function genes in preventing 
activation of e function in outer whorls. SUPERMAN has been cloned. and its expression 
pattem indicates sorne new ways of thinking about cadastral activities. It has also become clear 
that ABe genes themselves, in addition to organ identity activities, have interactions with each 
other that are important for refinement of the initial pattern in which they are active. An 
example is provided by the B function genes, which positively interact at transcriptional and 
posttranscriptionallevels so that B function exists only where both genes are activated. The 
two genes are initially transcribed in different but overlapping domains; the interactions 
between the genes result in B function being present only in the region of overlap. 

Another problem raised by the ABC model is that of how the organ identity activities of 
the ABe genes come about. A number of these genes are now cloned, and all appear to be 
transcription factors. What genes do they activate and repress, and how? We have some 
information on the protein activities of four of the gene products, those of the A function gene 
AP El' ALAJ, the two B function genes mentioned abo ve, and the C function gene 
AGAMOUS. This infonnation indica tes that the specificity of action of each protein is not 
conferred by different DNA binding regions, but by other parts of the proteins that may interact 
with as-yet unknown accessory proteins. 
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In addition to tbe radial pattern of orgao identity, there are othcr pattcrns in flowers that 
require molecular explanations. We have been studying genes responsible for setting proper 
organ number in Arabidopsis flowers, and have found two classes of them. One class, which 
includes CLA V ATAJ and ClA VATA3, is necessary for appropriate numbers of cell divisions 
in all above-ground meristems, including floral ones. The other class consists of one gene, 
PERIANI'HIA wbich changes the normally tetramerous Arabidopsis flower to one with five
fold symmetry. 

Some recent references from our laboratory: 

Goto, K. and E. M Meyerowitz ( 1994) Function and regulation of the Arabidopsis floral 
homeotic genePISTILLATA. Genes Devel. 8, 1548-1560. 

Meyerowitz, E.M. (1994) The genetics of flower development Scientific American 271, 56-
65. 

Weigel, D. and E.M. Meyerowitz (1994) The ABCs of floral homeotic genes. Cell 78, 203-
209. 

Liu, Z. and E.M Meyerowitz (1995) LEUNIG regulates AGAMOUS expression in 
Arabidopsis flowers. Development. in press. 

Clarlc, S.E., Running, M.P. and E.M Meyerowitz (1995) Cl.AVATA3 specifically regulates 
Arabidopsis shoot and floral meristem development in the same pathway as CLA VATAl. 
Submitted for publication. 
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DIVERSE ROLES FOR MADS-BOX GENES 
IN ARABIDOPSIS DEVELOPMENT 

Martin Yanofsky, Takashi Araki, Gary Ditta, Scott Gold, Cindy Gustafson-Brown, Sheny 
Kempin, Sarah Liljegren, Alejandra Mandel, Steve Rounsley, Beth Savidge 

Department of Biology, University of California at San Diego 
La Jolla, CA 92093-0116 

After floral induction, the fust step in the development of flowers is the generation of 
floral meristems. Genetic studies show that APEIAI.Al and CAUUFLOWER encode partially 
redundant functions in specifying floral meristem identity l. In addition to its role in meristem 
identity, AP El AI.Al is required for the initiation and proper development of sepals and petals. 
Molecular characterization of APEIALAJ shows that it encodes a MADS-domain and thus 
li.kely functions as a transcription factor2. RNA tissue in situ hybridization analyses show that 
APEIAI.Al RNA begins to accumulate.as soon as floral meristems are visible on the flanks of 
the inflorescence meristem. Although APEIAI.Al RNA accumulates unüormly throughout 
young flower primordia, later in development it is excluded from cells that will give rise to 
starnens and carpels. The lack of APEIAI.Al RNA accumulation in stamens and carpels is due 
to the activity of the organ identity gene AGAMOUS 3. 

When mutations in the AP ET ALA 1 gene are combined with mutations in 
CAULIFLOWER, cells that would normally constitute a floral meristem instead behave as 
inflorescence meristemsl. The result is a massive proliferation of meristems resulting in an 
inflorescence phenotype that is strikingly similar the familiar "cauliflower curd" of the dinner 
table. lsolation of the CAULIFLOWER gene reveals that it is closely related to APEIALAJ, 
sharing approximately 80% identical amino acid residues, and encodes a MADS-domain that is 
nearly identical to that of APETALAJ4. Thus, CAULIFLOWER and APETALAJ likely 
recognize the same target sequences, and thus likely regulate many of the same downstream 
genes. Like APETALAJ, CAULIFLOWER RNA accumulates uniformly in young flower 
primordia. However, in contrast to APETALAI, whose RNA accumulates at high levels in 
sepals and petals throughout flower development, CAUUFLOWER RNA accumulates at very 
low levels in these organ primordia. This likely explains why CAULIFLOWER is able to 
substitute for APETALAJ in specifying floral meristems, but is unable to substitute for 
APEIAI.Al in specifying sepals and petals. 

Studies in distantly related plant species, such as in Arabidopsis and Antirrhinwn, 
suggest that the underlying mechanisms controlling flower development have been bighly 
conserved5. Because the caulijlower phenotypes in Arabidopsis and Brassica ole rae ea var. 
botrytis are similar, it would not be surprising if the molecular basis for these phenotypes was 
related. We have characterized the CAUUFWWER gene fromBrassica oleracea var. botrytis, 
and molecular studies demonstrate that this gene is non-functional4. These studies suggest that 
the cauliflower phenotype in Brassica oleracea var. botrytis is due in part toa nonfunctional 
CAULIFLOWER gene. 
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In addition to the MADS-box genes that determine floral meristem and organ identity, 
six functionally anonymous MADS-box genes have also been cloned6. To determine if this 
family of genes plays additional roles in flower development, and to see if MADS-box genes 
control other aspects of plant development, we ha ve isolated and characterized fifteen new 
MADS-box genes from Arabidopsis. The onset of expression of two of these genes, AGIA 
and AGL9, is shortly after the onset of APEIALAJ and CAUUFLOWER gene expression. 
This suggests a possible role for these genes in mediating between the meristem and organ 
identity functions. Tbe onset of AGL5 expression is immediately after that of AGAMOUS, and 
AGL5 requires AGAMOUS activity for its activation. These and other studies suggest that 
AGL5 may be a target of AGAMOUS, and that it plays a role in carpel development7. Two 
other MADS-box genes, AGLJJ and AGL13, are initially expressed later in carpe! 
development, with expression being limited to specific cell types of ovules S. Taken together, 
these and other studies suggest that MADS-box genes function throughout flower development. 
MADS-box genes likely play developmental roles outside of flower development as well. For 
example, AGL15 is preferentially expressed during embryo development, with its expression 
initiating prior to the eight-cell stage of embryo formationB. Three genes, AGL12, AGL14, and · 
AGL17, are preferentially expressed in roots, suggesting a possible developmental role for 
these genes in root formation8. AGL8 represents a gene that is expressed in the intlorescence 
meristem, and is negatively regulated in floral meristems by APEIAIAJ9. Taken together, it is 
likely that members of the MADS-box gene family play regulatory roles in di verse aspects of 
plant development. 
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Interactions between plant MADS-box genes 
Brendan Davies, Hans Sonuner. 

Max-Planck-Institut für Züchtungsforschung 
50829 Koln, Germany 

In recent years the study of floral developmental mutants has led to the 
isolation of a number of key regulatory genes. Many of these genes are 
members of the MADS-box gene family of presumed transcription 
factors. Several members of this gene family have been isolated from 
various different plant species with, for example, more than twenty-five 
different MADS-box genes existing in Antirrhinum majus. Each of these 
individual genes has a different, overlapping, temporal and spatial 
expression pattern, leading to the expression of various combinations of 
MADS-box genes in different floral organs and parts of those organs at 
different developmental stages. It is likely that the developmental fates of 
groups of cells within the flower are determined by the particular 
expression profiles of these and· other genes. 
The MADS-box is also found in well-characterised transcription factors 
from mammals (serum response factor (SRF) and the rSRFs (MEFs)) and 
yeast (MCMl). In both of these cases the proteins bind DNA as a dimer 
and also recruit other ternary factors by protein-protein interactions. In 
the case of one pair of the plant MADS-box proteins (DEFICIENS and 
GLOBOSA of Antirrhinum and their presumed Arabidopsis orthologues 
AP3 and PI) heterodimerisation has been demonstrated (Schwarz
Sommer, Hue et al. 1992; Goto and Meyerowitz 1994). 
We have begun to study the network of potential interactions between the 
different MADS-box proteins of Antirrhinum using a yeast two-hybrid 
system (Chien, Bartel et al. 1991). To assess the feasibility of this 
approach we initially screened for proteins capable of interacting with the 
Antirrhinum protein PLENA (considered to correspond to AGAMOUS 
in Arabidopsis (Bradley, Carpenter et al. 1993)). PLENA was expressed 
in yeast as a fusion protein with the DNA-binding domain of GAL4. A 
directionally cloned Antirrhinum cDNA library was constructed such that 
any cONA which was expressed in yeast would be expressed as a fusion 
with the GAL4 transcription activation domain. The library was 
introduced in to a strain of yeast which allowed the selection of proteins 
which interact with PLENA by activating two separate markers. 
Screening 2xi06 recombinants in the yeast expression library led to the 
isolation of ten cDNAs the protein products of which specifically 
interacted with PLENA. Nine of the cDNAs are MADS-box genes, 
corresponding to squamosa (1), and two other genes from our collection 
of Antirrhinum MADS-box ·genes, defh72 (2) and defh84 (6). A two
hybrid experiment designed to test whether PLENA could form 
homodimers was negative confirming our failure to detect DNA-binding 
with PLENA alone in band shift experiments. 
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These results suggest that PLENA forms a range of different 
heterodimers and that it will be possible to build up a picture of the 
network of possible interactions between the various MADS-box genes by 
applying this strategy. It is also expected that this approach will allow us 
to isolate any factors which might interact with the MADS-box protein 
dimers or heterodimers and thus modulate their activity. 

Bradley, D., R. Carpenter, et al. (1993) . "Complementary floral 
homeotic phenotypes result from opposite orientations of a transposon at 
the plena locus of Antirrhinum." Cell 72: 85-95. 

Chien, C. T., P. L. Bartel, et al. (1991) . "The two-hybrid system: a 
method to identify and clone genes for proteins that interact with a 
protein of interest." Proc Natl Acad Sci U S A 88: 9578-9582. 

Goto, K. andE. M. Meyerowitz (1994). "Function and regulation of the 
Arab idopsis floral homeotic gene P ISTILLATA ." Genes and 
Development 8: 1548-1560. 

Schwarz-Sommer, Z., l. Hue, et al. (1992). "Characterization of the 
Antirrhinum floral homeotic MADS-box gene deficiens: evidence for 
DNA binding and autoregulation of its persistent expression throughout 
flower development." Embo J 11: 251-263. 
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CELLULAR DIFFERENTIATION DURING FLOWER DEVELOPMENT 

Cathie Martin, Department of Genetics 
John Innes Centre, Colnay Lane 

Norwich NR4 7UH (U.K.) 

The development of Oowers requires the initiation of floral and inllorescence meristems, 
the dcvclopmcnt of organ primordia and their detcrmination, and the devclopmcnt of the 
specialiscd cell types that go together to make up the floral organs. Pctals serve a general role 
to protect the floral organs carrying thc devcloping gamctophytcs early in floral devclopment, and 
later to attract pollinators for successful reproduction. Many plants havc devcloped highly 
specialiscd cells within the petals to serve this function. Thesc cells are epidermal and contain 
large amounts of pigment (anthocyanins) to attract pollinators. Thc cclls facing the pollinators 
are also specialised in shape to enhance pigmentation and lo providc recognition signals for 
pollinators. 

Anthocyanin biosynthesis is regulated by transcription factors which determine wherc and 
how much pigment is made by controlling the production of the anthocyanin biosynthetic genes. 
In flowers this pathway ls regulated in a complcx fashion by severa! interacting trnnscription 
factors. Regulation involvcs interaction betwccn heterologous transcription factors to actívate 
sorne genes, and also intcractions betwccn vcry similar factors to give fine tuning to the pathway 
and its products. 

Similar regulatory genes are also involved in controlling the development of specialiscd 
cell shape. However, the production of anthocyanin and the devclopment of specialised cellular 
morphology can occur independently, indicating that these two aspects of cellular diffcrentiation 
are under separa te control within a single cell. At present wc are trying to relate the control of 
these processes to the activity of genes involvcd in organ detcrmination to link mcchanistically 
the early and later processes of floral morphogcncsis. 
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The Control of Ovule Morphogenesis in Arabidopsis thaliana: Biting the Hand That 
FeedsYou. 

George Haughn', Zora Modrusan', Leonore Reiser2, Alon Samach1
, Nir Ohad2

, Linda 
Margossiad, Tamara Western', Susanne Kohalmj3, William Crosbf, Kenneth 
Feldmann• and Robert Fischer-2 and , 'Botany Dept, Univ. of British Columbia, 
Vancouver, BC, V6T 1 Z4, Canada; 2Dept of Plant Biology, Unlv. of California, Berkeley, 
CA, USA, 94720; ~AC-Piant Biotechnology lnstitute, 110 Gymnasium Rd., Saskatoon, 
SK, S7N O'N9, Canada; 4Qept. of Plant Sciences, The Univ. of Arizona, Tuscon, AZ. 
85721, USA. 

Ovules are specialized reproductiva organs that develop on the carpels of higher 
plants. Recessive mutations in the Arabidopsis BELL 1 (BEL 1) gene result in female 
sterility dueto defects in ovule morphogenesis (Robinson-Beers et al., 1992; Modrusan 
et al. , 1994a,b; Ray et al., 1994). In Bel1 ovules, the inner integument fails to torm, the 
outer integument develops abnormally, and the embryo sac arrests at a late stage of 
megagametogenesls. During later stages of ovule development, cells of the outer 
integument of a Bel1 ovule sometimes develop into a carpel-like structure with stigmatic 
papillae and second arder ovules. The trequency of carpel-like structures ls highest 
when plants are grown under condltions that favour the lnduction of flowering and was 
correlated wlth ectopic ovule-expresslon of AGAMOUS (AG), an organ-identlty gene 
required for carpe! tormation. Transgenlc ptants where AG is constitutively expressed 
under the control of the CaMV 35S prometer develop Bel1-like ovules (Ray et al., 1994). 
Anally, mutations In APETALA2 (AP2), another negative regulator of AG, result In the 
replacement of ovules with carpel-like structures (Modrusan et al., 1994a). Taken 
together these results suggest that at least one and perhaps the primary role of BEL 1 
ls to negatlvely regulateAG. 

We have cloned the BEL 1 gene using two T-DNA tagged afieles be/1-2 and be/1-
3 (Reiser et al., unpubllshed results) . The ldentity of the cloned gene was confirmad by 
complementation of the Bel1-3 mutatlon and analysis of ditferent be/1 alleles. Northem 
and ín sltu analyses have indicated that BEL 1 encodes a 2.4 kb transcript that is 
present at high leveis in ovules and at iower leveis in other tissues including leaves. 
The putative BEL 1 gene product shares amino acid sequence identity with the DNA
binding homeodomain and is most closely related to that of the Knotted gene family. 
The BEL 1 amino acid sequence also predicts tormation of a coiled-coil suggesting that 
BEL 1 function requires protein-protein interactions. We are currently using the yeast 2-
hybrtd system to identify proteins that may interact with BEL 1. 

Modrusan, Z., Reiser, L., Fischer, R., Feldmann, KA., and Haughn, G.W. 1994a. 
Bel1 mutants are detective in ovule development. In Arabidopsjs: an atlas of 
morphotogy and develcipment, ed. J. Bowman (New York, Springer Verlag), pp 
304-305. 

Modrusan, Z., Reiser, L., Feldmann, K.A., Fischer, R.L., and Haughn, G.W. 1994b. 
Homeotic Transtormation of Ovules into Carpel-like Structures in Arabidopsis. 
Plant Cell 6: 333-349. 

Ray, A., Roblnson-Beers, K, Ray, S., Baker, S.C., Lang, J.D., Preuss, D., Milligan, 
S. B., and Gasser, C.S. 1994. The Arabjdopsis Floral Homeotic Gene _eru 
Controls Ovule Development Through Negative Regulation of AGAMOUS. Proc. 
Natl. Acad. Sci. USA 91: 5761-5765. 

Roblnson-Beers, K, Pruitt, R.E., and Gasser, C. S. 1992. Ovule Development In wild
type Arabldopsis and two female-sterlle mutants. Plant Cell4: 1237-1249. 
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MOLECULAR CONTROL OF REPI~ODUCTIVE ORGAN DEVELOPMENT 
IN PETUNIA HYBRIDA 

Arjen , van Tunen 

Centre for Plant Breedlng and ReprQductlon Research, CPRO·DLO, PO Box 16, 
NL 6700 AA Wage~'lngen, The Nethertands. 

FAX: 31 8370 18094; E-maiU A.J.VAN.TUNENiiJCPRO.AGRO.NL 

Flowers represent important pl.nt organs lnvolved In the vital function of 
reproduction via the attraction of polllnators and the formation of the male and 
female reproductive cells. Furthermore flowers are highly appreciated by their orna
mental value and In the Netherlands rhe production and trade of cutflowers and 
potplants considers an lmportant econo(hic activity. 

Desplte the importance of flo~rs only a limited amount of knowledge is 
present about the molecular control of:' floral induction and the development of the 
dlfferent floral organs and suborgans. At CPRO-DLO we use Petunia hybrida as a 
model spectes and recently we have JS()Iated key regulatory genes determlnlng the 
development of the floral organs. Th~~e genes, designated as fbp genes. encode 
protelns belonglng to the MADS box tr@nscription factor family. Genetlc modification 
of the expression o{ these genes by corsuppression or overexpresston resulted in the 
generation of transgenlc petunia plants wlth altered floral organ formation. In this 
presentation the actlon of the fbpt ge~e regulating petal and anther formation will 
be presented. In sltu hybridization, GUS experiments and lmmunolocalisation experi
ments indlcate that this gene encodes a ~ranscription factor lnvolved in the determina
tlon of corotla and stamen prlmordia. CO-suppression of thls gene results in genetical
ly modlfied transgenlc plants wtth peta!~ replaced bij sepals and stamen by carpels. 
Furthermore a new type of MADS box tr:anscription factor was identified: fbp 11/fbpl. 
Experiments indicatlng that these MAOS box genes control the formation and 
development of ovules will be shown. We propose an extended ABC model describing 
how these genes mlght act as D-type hdmeotic genes in the control of ovule determi· 
nation. 

The use of genes encoding trans.cription factors regulating flower morphoge
nesis or genes lnvolved In fertility comblned with the availability of . transformation 
methods will enable a true molecular flower breeding resulting in improved ornamen
tal value or better breedlng performance for the next century. 
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THE PROMOTER OF A PHENYIALANINE-AMMONIA LYASE GENE IS 
ACfN ATED BY A FLOWER-SPECIFIC MYB-LIKE PROTEIN 

Robert Sablowski, Djane Hatton, Enriqueta Moyana, Cathie Martin and Michael Bevan 
Molecular Genetics Qept. and Genetics Dept., John Innes Centre, Colney Lane, Norwich 
NR4 7UJ, UK 

Synthesis of flavonoid pigments in flowers is a readily visible and non-essential trait which 
has been exploited extensively in genetical studies inAntirrhinum andPetunia. Precursors 
for flavonoid. synthesis· in flowers are . provided by the phenylpropanoid biosynthetic 
pathway, which is also required in other parts of the plants, such as vascular tissue (for 
the production oflignin) and in responses to environmental insults (pathogen attack, UV
Iight). So far, genetical studies on flower pigmentation have only identified regulatory 
genes which control flavonoid biosynthetic genes but none controlling phenylpropanoid 
synthesis (1,2). This may be due to the effects that misregulation of phenylpropanoid 
synthesis could have outside flowers, or because the complex regulation of 
phenylpropanoid biosynthetic genes could involve redundant regulators. Therefore, 
studies on the regulation of these genes have relied mostly on a biochemical approach, 
starting with the identification of important cis-elements in the promoters and proceeding 
with the isolation of proteins Iikely to mediate the function of these elements. 
The bean gP AL2 promoter ( encoding phenylalanine-ammonia lyase, the first enzyme in 
the phenylpropanoid pathway) directs expression of the GUS reporter in flowers, vascular 
tissue, trichomes and root tips of transgenic tobacco, revealing conservation of P AL gene 
regulation between distantly related dicotyledons (3,4). We show that a G-box element 
and three AC-rich elements are important for gP AL2 expression in tobacco flowers and 
bind tobacco nuclear proteins. bZIP proteins binding to the gP AL2 G-box were cloned 
from tobacco and, like the G-box-binding nuclear protein, are expressed in a variety of 
organs, including flowers. The AC-rich elements are bound by a flower-specific protein 
related to Myb305 from AllliJThinum (5). Myb305 activates expression from the gPAL2 
AC-rich elements in yeast and in tobacco protoplasts. Overexpression of Myb305 in 
tobacco leaves, using a plant viral vector, activates gPAL2 expression ectopically. 
Tissue-specific expression of eucaryotic promoters is achieved in many cases through co
operation between ubiquitous and tissue-specific transcription factors. The data available 
suggest that gP AL2 activation in flowers may be achieved by co-operation between 
widespread G-box-binding factors and a flower-specific Myb factor and that gP AL2 
expression in flowers mirrors the distribution of the Myb factor. 
The gP AL2 AC-rich elements are conserved in many promoters of genes in the 
phenylpropanoid and flavonoid pathways in severa! plant species and are important not 
only for expression in flowers but also in vascular tissue and in responses to UV-Iight and 
pathogens. This, combined with the fact that plants contain large families of Myb proteins 
with varied tissue distributions, suggests that Myb factors may also play a role in gPAL2 
expression outside flowers. 

1- Martin et a1.(1991). Pla11t J. 1, 37-49. 
2- Quattrochio et al.(1993). Pla11t Cell 5, 1497-1512. 
3- Bevan et al. (1989). EMBO 1: 8, 1899-1906. 
4- Liang et al. (1989). Proc. NatL Acad. Sci USA 86, 9284-9288. 
5- Sablowski et al. (1994). EMBO J. 13, 128-137. 
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Molecular analysis of the Arabidopsis thaliana MADS-domain proteins APETALAl, 

APETALA3, PISTILLATA and AGAMOUS. 

José Luis Riechmann, Beth A. Krizek, Elliot M. Meyerowitz. 
California Institute ofTechnology, Division of Biology. 

According to genetic analyses, the homeotic genes APETAl.Al, APETAl.A3, PIST/Ll.ATA 

and AGAMOUS act in a combinatoria! mode to specify the identity of the Arabidopsis flower 

organs. Their gene products forro part of a large family of related putative transcription 

factors. Is the combinatoria! mode of action of the APl, AP3, PI and AG proteins achieved by 

direct interactions between them, with the corresponding forroation of different horno- and 

heterocomplexes? Irnmunoprecipitation experiments using in vitro translated APl, AP3, PI 

and AG proteins indicate that .all of these proteins are capable of interacting with each other. 

However, DNA binding experiments using severa! eArG-motifs as target sites have shown 

that only APl and AG homocomplexes·and AP3/PI heterocomplexes can bind to DNA. These 

results indicate that these proteins present "partner-specificity" for the formation of a 

productive complex. In addition, the DNA binding experiments revealed that such complexes 

are dimers and that APl, AG and AP3/PI are all capable of binding the same target sites 

(although with subtle differences in affinities), raising the question of how is their biological 

specificity achieved. On the basis of sequence comparisons, two different domains can be 

defined in these proteins: the so-called MADS-domain (DNA binding domain) and K-domain 

(with a presumed coiled-coil structure). The use of various mutant forros of the proteins in 

immunoprecipitation and DNA binding experiments has allowed us to delineate a functional 

map. The MADS-domain appears to be subdivided into two regions: the N-terminal half is the 

DNA binding domain but is (at least partially) dispensable for dimer formation; the e

terminal half, together with the region in between the MADS- and K- domains (that we call 

the L region) is essentiaL for productive dimer formation. Determinants for "partner

specificity" reside in this L region. The.K-domain and the e-terminal region of the AG 

protein are not essential for complex formation and DNA binding, although they also affect 

these activities. All these in vitro results correlate with in vivo experiments (ectopic 

expression in Arabidopsis of chimeric proteins formed through domain-swapping) that show 

that the biological specificity of the MADS-domain proteins does not reside in the DNA 

binding domain and suggest that interactions with additional cofactors (as yet unidentified) 

could modulate their ability to regulate the transcription of downstream genes. 
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CURLY LEAF: a gene regulating leaf and Dower development in Arabidopsis thaliana 

J ustin Goodrich 1,2 Preeya Puangsomlee1, Debbie Long 1, Elliot Meyerowitz2 and Georg e 
Couplanct1. 
1IPSR Cambridge Laboratory, John Iones lnsútute, Colney Lane, Norwich, UK 
2Biology Division, California lnsútute ofTechnology, Pasadena, CA 91125, USA. 

Genetic analysis of homeotic mutations has suggested a model for floral development 
Three homeotic functions, a. h and ~. act combinatorially to specify organ identity in the four 
floral whorls. The a funcúon specifies sepal and petal idenúty in the outer two whorls and is 
mutually antagonistic with the ~ function, which specifies stamen and carpel idenúty in the 
inner two whorls. In Arabidopsis thaliana, the APEI'ALA2 (AP2) gene is required for the a 
function and the AGAMOUS (AG) gene for the ~ function. We have identified a novel gene, 
CURLY LEAF (CLF) which is also involved in the .aJunction. 

Plants carrying the recessive clf-2 mutation are early flowering and ha ve lea ves which 
curl inwards along the leaf margin. The flowers have small petals and occasionally display 
homeotic transfonnations of sepals into carpels and of petals into stamens. A similar · 
phenotype has been observed in transgenic plants in which the AG gene is ectopically 
expressed. Consistent with this, Northem analysis indicates thatAG is expressed in leaves of 
clf-2 mutants but not in those of wild type plants. In addition, genetic analysis shows that ag 
mutations are epistatic to clf-2, so that ag clf-2 double mutants have nonnalleaves, sepals and 
petals. Together, these results indicate that the CLF gene is not directly required to specify 
sepal and petal identity but is necessary for nonnal regulation of AG expression. The weak 
ap2-1 allele acts as a semi dominant enhancer of clf-2 in the flowers, suggesting that the AP2 
and CLF genes may act together to repressAG in sepals and petals. We are using in situ 
hybridization to define AG expression patterns in clf-2 flowers and in double mutants of clf-2 
with floral homeotic genes regulating AG. 

The clf-2 allele was obtained from a transposon mutagenesis experiment using 
transgenic lines that carried derivatives of the maize Ac/Ds transposons. Two observations 
indicate that this allele is transposon tagged: first, the clf-2 allele cosegregates with a single 
Ds transposon copy; second, excision of this transposon correlates with restoration of the 
CLF+ phenotype. We cloned the genomic region flanking the Ds insertion at clf-2 and are 
currently attempting to identify the CLF transcript In addition, we are characterizing various 
novel clf alleles that were derived from clf-2 by imprecise transposon excision. The 
molecular cloning and characterization of CLF will help understand its interaction with other 
a.function genes that regulateAG. 
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Homeotic mutants in Pisum sativum 
C. Ferrándiz, M.O. Gómez, L. Cañas and J.P. Beltrán 
Instituto de Biología Molecular y Celular de Plantas. UPV -CSIC, Valencia, 
Spain. 

The aim of our work is the study of a number of homeotic mutants 
of Pisum sativum. As a first approach, we are carrying out the phenotypic 
characterization of these mutations by scanning electron microscopy. 
deficiens-like presents a complete transformation of petals into sepals 
and stamens into carpels, being such phenotype similar to those found in 
other plants (i.e. deficiens or globosa in A. majus; pistillata or apetala3. in 
Arabidopsis ); in stamina pistillodea flowers only two of the stamens 
are converted in carpels, and it is also detectable the presence of strips of 
sepalloid tissue in sorne pet~ls; petalosus shows phenotypic variability 
strikingly dependent on the environmental and physiological conditions, 
from sorne extra number of petals or partial transformations of stamens 
into petals, to a complete homeotic transformation of the third whorl into 
petals and the full development of a new flower inside the carpel; flowers 
in large bractea mutants develop an extra bractea, and the sepals 
display leaf-like morphology, as well as partial fusions with petalloid 
tissue, and sorne petal-like expansions that arise from the anthers. We 
are also performing genetic studies with double mutants. 

In order to correlate these mutations with sorne specific genes, we 
have focused on the isolation and characterization of the MAOS box gene 
family of pea. We have performed a screening of a cONA library using as 
heterologous probe the MAOS box coding region of OefA from A. majus, 
and we are currently working on the study at the molecular level of four 
different clones, namely pMl, pM2, pM3 and pM4. 
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A Role For MADS Box Genes In Controlling Flower Development In The 
Dioeclous Species Rumex acetosa ? 

Charles Ainsworth 1 , Madan Thangavelu 1, Vicky Buchanan-Wollaston 1 and John Parker 2 

1 Molecular Biology Laboratory, Department of Biological Sciences, Wye College, University 
of London, Kent TN25 5AH, UK 

2 Department of Botan y, School of Plant Sciences, University of Reading, Whiteknights PO 
Box 221, Reading RG26 2AS, UK 

In the vast majority of plant species the maJe and female reproductive organs develop in the 
same hermaphrodite flower. A relatively small number of plant species exhibit monoecy, 
where separate maJe (staminate) and female (pistillate) flowers occur on the same individual 
(e.g.maize) or dioecy, where the maJe and female flowers are borne on separate individuals . 
(maJe and female plants). Although dioecy may also be accompanied by a sex chromosome 
system in sorne plant species, for example, hop (Humulus) species, Rumex species and date 
palm (Phoenix dactylifera), this is the exception rather than the rule. As in animal systems, 
there are two types of sex determining system in plants with sex chromosomes: in the active-Y 
system, found in Melandrium, the Y acts as a maleness enhancer as well as suppressing the 
gynoecium. The altemative, X/autosome dosage system has been found in Rumex 
(Polygonaceae) and Humulus (Cannabidaceae). The Rumex system is by far the best 
characterised sex system in plants. Rumex acetosa has an aneuploid sex system with 
2n=12+XX in females and 2n=12 +XY¡Yz in males. 

In R. acetosa, the maJe flowers consist of a whorl of six stamens and two whorls of 
perianth segments. The female flower consists of three fused carpels with one ovule and two 
whorls of perianth segments, one of the whorls later encircling the fruit SEM studies show 
that, during early development, both maJe and female flowers appear identical, with an initial 
lobe, anda second lobe which forros the leading sepa!. In the maJe flower primordium, which 
develops the six stamens, the central dome may indicate incomplete suppression of the carpe!; 
in the female flower primordium, the central carpels develop, with a complete absence of mal e 
organs. A possible mechanism for the differentiation of the maJe and female tlowers involves 
the differential expression of homeotic genes. A switch between the carpe! whorl and the 
stamen whorls is all that is required for the homeotic-like interconversion of maJe and female 
tlowers. Although the maJe and femalc Rumex flowers differ from homeotic mutants in the 
respect that only one organ whorl is effectively transformed rather than a pair of adjacent 
whorls, we can propose that a de.ficiens -like gene product is responsible for the development 
of the androecium in males and hermaphrodites. This would require that either the gene is not 
active in females or that if active in both males and females, then it is somehow unable to 
induce stamen development in the female. Similar models can be proposed for the development 
of the female flower. 

The initial research aim is to isolate genes which are known to be involved in thc 
initiation of floral organ development and, initially, to focus on the MADS box genes and their 
expression pattems. Developing bud RNA from maJe and female flowers has been used in the 
construction of cDNA libraries which have been screened with probes for floral homeotic genes 
from Antirrhinum. The resultant clones were assessed by Northem analysis asto whether they 
represen! tlower specific genes. Seven different full-length Rumex MADS box clones for 
genes expressed in tlowers, have been sequenced. Multiple alignment of the deduced amino 
acid sequences with MADS box protein sequences from other plants suggests that we havc 
isolated the Rumex homologues of plena/agamous, de.ficienslapetala3 and squmnosa in addition 
to severa! previously uncharacterised genes. These genes are being used in in situ 
hybridisation to maJe and female developing bud sections to evaluate their patterns of 
expression. These data will be presented. 
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ISOLATION ANO CHARACTERIZATION OF cONA CLONES FOR 
GENES PREFERENTIALLY EXPRESSEO IN REPROOUCTIVE 
MERISTEMS OF CAULIFLOWER Brassica oleracea (var. botrytis) 

F. Madueño, M. Cruz-Aivarez, J.M. Franco, *R. Lozano, J.M. Martínez-Zapater 
and Julio Salinas. Laboratorio de Biología Molecular y Virología, CIT-INIA, 
Madrid, and *Opto. Genética. ETSIA, Universidad de Almería, Almería. 

In arder to better understand the mechanisms underlying the process of floral 
transition at the apical meristem· we have undertaken the isolation of cONA 
clones corresponding to genes showing a preferential expression in 
reproductiva meristems. With this purpose, we followed a subtractive 
hybridization approach employing a PCA-based method, where cauliflower 
heads and Brussels sprouts, two commercial varieties of Brassica oleracea 
(var. botrytis and var. gemmifera, respectively), were used as sources of 
reproductiva and vegetative meristems. After six subtraction rounds, 35 cONA 
clones were selected as corresponding to possible cauliflower meristem 
genes. A more detailed characterization of these clones, including Northern 
and Southern hybridization and nucleotide sequence analysis, allowed to 
confirm which of them corresponded to genes preferentially expressed in the 
cauliflower meristem, and to determine which were derived from the same 
genes. The results obtained indicate that 24 clones, corresponding to 4 
different genes, hybridized to ANA from cauliflower meristems and not to ANA 
from Brussels sprouts meristems. In situ hybridization experiments are 
currently in progress to corroborate these results. 
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MADS-box genes involved in reproductive organ 
development. 

Candice Sheldon and Hans Sommer 

Oepartment of Molecular Plant Genetics, Max-Pianck-lnstitute for 
Plant Breeding Research, Carl-von-Linne-Weg 1 O, 50829 Cologne, 
Germany. 

Homeotjc genes directing floral organ development in Antirrhinum 
majus are expressed in overlapping domains consisting of two floral 
whorls. Floral organ identity is proposed to be specified by the 
unique combination of expression of the organ identity genes. In A. 
majus three organ identity genes have been isolated: Deficiens and 
Globosa, which are expressed in whorls 2 and 3 (petals and 
stamens), and Plena, which ís expressed in whorls 3 and 4 
(stamens and carpels). All three genes contain a MAOS-box 
domain, which is a ONA-binding domain conserved amongst the 
members of the MAOS-box class of transcription factors. Screening 
an A. majus floral specific cONA library with a probe consisting of 
the Deficiens MAOS-box domain resulted in the isolation of a cONA 
clone, DefH1. The expression of the DefH1 gene is limited to the 
reproductive floral whorls: stamens and carpels, and so might be an 
organ identity gene of the same class as Plena. Screening a 
Nicotiana tobaccum floral specific cONA library with probes for both 
the Antirrhinum Plena and DefH1 genes resulted in the isolation of 
the putative tobacco homologues for the two genes. Both genes 
were expressed in transgenic tobacco in both sense and antisense 
orientations under the control of the 358-promoter. The phenotypes 
resulting from both ectopic expression and inhibition of expression 
reveal that both genes have a role in specifying reproductive organ 
development in tobacco. Ectopic expression of both genes caused 
coversion of the sepals into carpelloid organs, and petals towards 
stamenoid organs, whereas the 3rd whorl stamens and 4th whorl 
carpels developed normally. Progeny of the cross between the two 
parental lines expressing both the tobacco Plena and DefH1 genes 
did not have a more severe phenotype. Antisense inhibition of 
expression resulted in the conversion of the 3rd whorl stamens into 
petalloid organs and a distortion of the 4th whorl carpels towards 
sepalloid/petalloid organs. Analysis of the effect of the transgenes 
on the endogenous MAOS-box gene expression has provided 
information on the regulatory relationships between the MAOS-box 
genes. 
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1lffi ARABIDOPSIS HOMEOTIC GENE AG REGULA TES 
FLORAL INDUCTION AND SEED DEVELOPMENT 

Hong Ma and Yukiko Mizuk.ami 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724 

Genctic studies indicate that the Arabidopsis floral homeotic geneAG controls the identity 
of reproductive organs and the determinacy of the floral meristem. We have generated 
transgenic plants ca.nying an 35S-AG fusion in the sense orientation, and have previously 
reported the floral organ identity conversions observed in these plants. After further 
analysis of these transgenic plants, we have recently leamed that the alteration of AG 
expression also affects the timing of flowering. We have analyzed flowering time of the 
transgenic plants, and ag mutant plants, under both long day and short day conditions. 
Our results strongly suggest thatAG plays a role in regulating floral induction. We are 
currcntly furthcr characterizing this newly discovercd aspect of AG function using genctic 
and molecular approaches, to uncover possible interactions of AG with other genes 
controlling floralmduction. In addition to AG's function in floral induction, in floral 
meristem determinacy and organ identi.ty, we found thatAG is also invo1ved in regulating 
the development of ovules and seeds. We observed that theAG transgenic plants behave 
in a way similar to ap2 mutants. Both exhibit abnormal ovule development, abnonnal seed 
development, and Vlvipary. We have performed a number of experiments to characterize 
the ovule and seed development in these plants. Our studies onAG function have revealed 
that AG plays several roles during flower development. In addition to its fWlction in floral 
meristem determinacy and reproductive organ identity, as suggested by the rnutant 
phenotypes, we have found thatAG can also affect floral induction, and it regulates ovule 
and seed development These and possible additional results will be presented. 
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Flower Development in Antin-hinum mtljus 

Rosemary Carpenter, Da Luo, Desmond Bradley, Pilar Cubas, Mark Chadwick, Lucy Copsey, 
Coral Vincent and Enrico Coen. 

Geneúcs Dept., John Innes Cenlre, Norwich Research Park, Colney Lane, Norwich NR4 7UH, 
UK 

Wild type Antirrhinum majus plants consist of a vegetaúve region which develops an 

indeterminate inflorescence consisting of large asymmelrical (zygomorphic) flowers exhibiting 

a single plane of symmetry. However a number of mutations exist in which the symmetry 

of the flowers have been altered to radially symmelrical (actinomorphic). We have been 

studying severa! of these mutations and have isolated two of the key genes involved:-

cyc/oidea (cyc) and dichotoma (dich). Extensive genetic and molecular analysis is underway 

to characterise these genes, study their expression pattems and their combinatoria! effects, in 

an attempt to understand sorne of the interactions in volved in the control of flower symmetry. 

In addition these genes are being studied in other species which have both symmelrical and 

asymmelrical flowers . 

The centroradialis (cen) mutation deviates from wild type in two aspects:- the 

inflorescence becomes determínate and is "crowned" by a flower with altered symmetty. This 

is usually radially symmetrical, similar to that seen in the cyc series of mutations. This 

mutation is also known in other species , notably that of terminal flower in Arabdopsis and 

also in Digitalis (foxglove). The cen gene has recently been isolated from Antirrhinwn and 

is being analysed both molecular! y and genetically in parallel with the cyc and mch genes. 
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Genetic control of flower shape in Antirrhinum majus. 

J. Almei.da, M. Rocheta and L Galego 

Instituto de Tecnologla QJ!imica e Riologica, Oeiras, Portugal. 

The shape oC tbe Antirrbínum majus fiower can be descnbcd in terms of 

differences between regional phenotypes within whorls along a dorso-ventral 

axis. For example, from the most dorsal to the most ventral positions, the Oower 

corolla can be divided in 5 regions with th.e pbenotypes u, DL, L, LV and V. To 

investigate how these differences are genetically determined we have analysed 3 

mu\ations that shan! the common property of causing some regions defined by 

thcir positions along thc dorso-ventral axis to develop the phenotypes proper to 

other rcgions in wild-type. These mut.ations fall in 2 classcs. Thc first class 

includes 2 recesslve mutations with ventralizing effects (cycloidca and 

dichotoma) which confer either a DL, LV, V, V, V phenotype (cyc) ora DI., DL, L, 

LV, V phenotype (dicb). Ileing recessive with ventralizing effects, these 

mutations indicate that thc wild-tyPC cyc and dich alleles control dorsal 

functions. 

The second class includes divarica.ta, a sem..i-domiuant mutation with dorsalizing 

effect conferri.ng the phenotype D, DL, L, LV, LV. By analysi.ng the effect of 

duplicatiom; of thc div loc"US wc show thal the phenolypc of thc vcntrctl n:gion i:; 

sensitive to the dosage of the wild-type Div+ allele and insensitlve to the dosage of 

the mutant allele. Trence, the dfv phenotype results from loss of a ventral 

fun.ction rather than gain of a lateral or dorsal function. 

To investigate how the functions defined by these mutations might interact, we 

have constructed all pessible combinations of the 3 mutants. Bascd on thc analysis 

of regional phenotypes conferred by the various genotypes we propose a model 

for how cyc, di eh and div may control flower shape. 
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THE K-LOCUS OF BARLEY: A CASE OF EPIPHYLLOUS FLOWER FORMATION 

Rohde, W., and Salamini, F. 

Max-Pianck-lnstitut für Züchtungsforschung, D-50829 Koln, Germany 

In plants, the direction of growth is reflected in several attributes .like plane of 
cell division, orientatlon of hairs, symmetry of cells and tissues. The existence in 
barley of Hooded and related mutants provides a basis to study the problem of 
polarity at the molecular level. The homeotic Hooded mutation (Hordeum 

vulgare var. trifurcatuml causes the appearance of an extra flower1 which is 
arranged in inverse polarity as compared to the primary floret. This extra flower 
is formed on the lemma, one of the protective bracts of the barley floret'2• The 
foliar nature of the lemma is obvious in the barley mutant leafy lemma (lel)3 in 
which the lemma is converted to a leaf with sheath and blade separated by a 
ligule. In awned barley, the lemma proper would corres¡ond to the leaf sheath, 
whlle part of the leaf blade ls m9difled to form the awn . The mutant phenotype 
is governed by the genetic locus K mapplng on the short arm of chromosome 
4 11

• The mutant allele is dominant over the awned K wildtype allele, and the 
development of the extra floret largely suppresses the formation of the awn, the 
distal appendage of the wildtype lemma6

• We have shown7 that the homeobox 
gene Knox3 corresponds to the genetic locus K. Ectopic expression of this gene 
is causad by a 305 bp duplication in Knox3 intron 4, and phenocoples of the 
mutation have been obtalned In the heterologous tobacco system by Knox3 

overexpression. The implications of our findings are discussed in relation to 
polarlty of growth and epiphylly in flower formation. 

References: 

1. Weberling, F. Morphology of flowers and inflorescences. (Cambridge 
University Press, Cambridge, 1989). 

2. Clifford, H.T. In: Grass systematics and evolution (eds. Soderstrom, 
T.R., Hllu, K.W., Campbell, C.S. & Barkworth, M.E.l pp. 21-30 (Smithonian 
lnstitution Press, Washington, 1986). 

3.Bosslnger, G., Rohde, W., Lundqvist, U. & Salamlni, F. in: Barley: 
Genetics, biochemistry, molecular biology and biotechnology (ed. Shewry, P.R.) 
pp. 231-263 (CAB lnternational, Wallingford, 1992). 

4.Dahlgreen, R., Ciifford, H.T. & Veo, P.F. The familias of the 
monocotyledons. Structure, evoiution and taxonomy (Springer-Verlag, New 
York, 1985). 

5. Nilan, R.A. The cytology and genetics of barley (Washington State 
Universlty Press, Pullman, 1964). 

6.Briggs, D.E. Barley (Chapman & Hall, London, 1978). 
7. Müiler, K., Romano, N., Gerstner, O., Garcia-Maroto, F .• . Pozzi, C .. 

Saiamini, F. & Rohde, W. The Hooded barley mutant: A 305 bp duplication in 
intron 4 of a homeobox gene determines the appearance of extra fiorets with 
inverted polarity on a floral bract (in pressl. 
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Maize, MADS-boxes, and Mutants; What's Happening in a 
Grass Flower? 

Robert Schmidt, Montaña Mena, Broce Veit, David Lemer, Alejandra 
Mandel, and Martín Yanofsky, University of California at San Diego, La Jolla 
CA 92093-0116 

We are interested in elucidating the underlying mechanisms controlling 
floral organ specification and development in Zea mays. A number of floral 
regulatory genes have been identified in Arabidopsis and Antirrhinum that 
encode proteins containing a highly conserved DNA binding domain known as 
the MADS domain (reviewed in Davies and Schwarz-Sommer 1994; Weigel 
and Meyerowitz 1994). As a first step towards this goal we have identified 
homologues in maize of cloned floral homeotic genes from Arabidopsis that · 
contain this conserved domain. Specifically we have isolated the putative Zea 
mays homologues (ZAG1 and ZAP 1) of the Arabidopsis floral homeotic genes 
AGAMOUS andAPEfALA1 as· well as a number of related genes that show 
preferential or specific expression in flowers (Schmidt et al. 1993; Veit et al. 
1993). The ZAG1 and ZAP 1 sequences are, respective1y, 65% and 69% 
identical to their Arabidopsis homologues. Consistent with their Arabidopsis 
counterparts, RNA blotting and in situ hybridization analyses show ZAG1 
expression to be restricted to the reproductive organs while ZAP 1 expression 
appears restricted to the nonreproductive portions of the flower. Transgenic 
Arabidopsis plants ectopically expressing ZA.G 1 produce abnormal flowers 
thatresemble ap2 mutant flowers. This phenotype is consistent with ZAGJ 
being the functional homologue of AG. Using low stringency hybridization 
with ZA.G 1 and ZAP 1 on genomic southems indicates that maize contains a 
1arge number of related genes. Following the segregation of these genes 
among recombinant inbreds has allowed us to place 38 members of this gene 
family onto the RFLP map. Members of this putative MADS-box gene family 
are scattered throughout the maize genome. RFLP mapping has established 
close linkage for a few of these genes with candidate mutant loci affecting 
floral deve1opment Progress towards using a PCR-based approach to identify 
transposon-induced mutant alleles of maize MADS-box genes will be 
discussed. 

Schmidt, R.J., B. Veit, M.A. Mandel, M. Mena, S. Hake and M.F. Yanofsky (1993) 
Plant Cell5: 729-737. 

Davies, B. and Z. Schwarz-Sommer (1994) In: Results and Problems in Cell 
Differeritiation, Vol. 20 (L. Nover andE. Dennis, eds.) Springer-Verlag, Berlín. 
pp. 236-258. 

Veit, B., RJ. Schmidt, S. Hake and M.F. Yanofsky (1993) Plant Cell5: 1205-1215. 
Weigel, D. and Meyerowitz, E.M. (1994) Cell78:203-209. -
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1HE ROLE OF PROTEIN DEGRADA TION IN NUCLEAR DIVISION 

Haya Friedman and Michael Snyder 

Accurate chromosornes separation during mitosis is dependent on proper function 
of the spindle apparatus, as well as on the temporal regulation of events prior to and during 
mitosis. Dynamic changes in protein levels occur during nuclear division and the selective 
removal of either regulatory or structural proteins is essential for this process. Despite the 
importance of specific proteolysis in these events, our knowledge of the mechanism of 
specific protein degradation is very limited. 

In the course of searching for chromosorne disjunction defective mutants, we have 
isolated a yeast gene called PRG 1 (for Proteasome Related Gene), which is closely related 
to RINGIO, a human proteasome gene implicated in antigen processing (1). Proteasome 
are multicatalytic multiprotein complexes involved in noncompartemental protein 
degradation including proteolysis of ubiquitin-tagged proteins. PRG1 is essential for cell 
growth which indicate that it fullfills a unique function. We created four temperature
sensitive allels of PRG1 and the analysis of the mutant strains showed that PRG1 function 
is neccesary for proper nuclear division. (2). 

Currently we are searching for potential proteasome substrates. This is done by 
screening a LAC Z fusion library and looking for proteins that are stabilized in prg1ts 
mutant strain. It is expected that these studies will identify proteasomes substrates and 
therefore, elucidated the role of selective protein degradation in nuclear division. 

l . Friedman,H., M. Goebel and M. Snyder (1992) A homolg of the proteasome
related RINGIO gene is essential for cell growth in yeast. Gene 122:203-206. 

2 . Friedman, H. and M. Snyder (1994) Mutations in PRG 1, a yeast proteasome
related gene, cause defects in nuclear division and are suppressed by deletion of a 
mitotic cyclin gene. Proc. Natl. Acad. Sci USA 91 : 2031-2035. 
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CHARACTERIZATION OF THE Deficiens GENE (St-Def) IN Solanum 
tuberosUJII. 

Federico García Maroto and Wolfgang Rohde (*) 
Departamento de Biotecnolog1a, E.T.S. Ingenieros Agrónomos, 
Universidad Politécnica de Madrid. 
(*) Max-Planck-Institut für Züchtungsforschung, Koln. 

The homeotic gene Deficiens (described for the first time 
in Antirrhinum majus) controls flower organ identity determining 
proper development of petals and stamens (Schwarz-Sommer et al., 
1990). According to the ABC model (Bowman et al., 1991; Coen and 
Meyerowitz, 1991; Meyerowitz et al., 1991) this is a B class gene 
and its loss of function causes the transformation of second 
whorl petals into sepals, and of third whorl stamens into 
carpels. 

We have isolated the homologous gene to Deficiens in s. 
tuberosum (St-Deficiens or st-Def)(Garc1a-Maroto et al. 1993). 
ST-DEF protein is 79% identical to that from A. majus. Gene 
structure (intron-exon distribution) is also very similar, with 
6 introns interrupting the coding sequence. 

The prometer region of St-Def is been studied in detail. 
We have performed GUS fusions with a 1,2 Kb fragment upstream the 
ATG and GUS activity was detected in petals and stamens (mainly 
associated to the vascular bundles) but it is also found at a 
high level in the ovary wall. 

Main transcriptional start has been mapped by primer 
extension at position -93 relative to the ATG although minor 
initiations are also detected upstream this point. At the moment 
we are studying 5'-RACE products to get additional information. 

A search for similarity between the st-Def prometer and 
other Deficiens promoters revealed an 81 bp sequence (between -so 
and -131 in st-Def) wich is 73% identical to an equivalent region 
in the A. majus Deficiens prometer but located in this case 
around 1 Kb upstream the ATG. It has been described that this 
region contains the mutation site in the Chlorantha allele that 
inactivates this gene as well as an SRE motif with a possible 
autorregulatory function (Schwarz-Sommer et al. 1992). We are 
performing directed mutagenesis of this DRR (Def Regulatory 
Region) in order to verify the importance of this element. 

We ha ve isolated three different St-Def genes: pOlO, p012 
and p013, present in a tetraploid potato cultivar (cv. granola) 
of potato. Coding sequences are almost identical for the tree 
genes. Two of them, pOlO and p013, also share very similar 5'
non coding regions, suggesting that they migth represent 
different al le les, while for pD12 homology keeps only till 
position -340 and no homology is found upstream this point. 
Promoters for the three genes seem to be active and keep the same 
expression pattern as revealed by GUS fusion experiments. 
However genes pDl0/13 and pD12 does not seem to be allelic as 
suggested by the fact that the two kind of genes are present in 
four different diploid potato lines. This raises the possibility 
that these two genes might play different roles ~y having a 
distinct activation program . 
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Poster Abstract Development of chimeric shoots during the transition-to
flowering in Arabidopsis. Fréderick D. Hempel, Department of Plant Biology, 
University of California, Berkeley, CA 9472G-3102 

The induction of flowering in Arabidopsis can occur within one leaf plastochron. 
During that time, the shoot apical meristem ceases producing leaves and starts 
producing flowers. 

Within populations of wild-type plants, some individuals will produce a single 
chimeric flower-paradade shoot at the lower boundary of flowering on the main 
axis. The frequencies of chimeric flower-paraclade shoots and the phenotypes of 
flower-paraclades vary between ecotypes and with changes in induction treatments. 

We have data which indicates that chimeric shoots are derived from young leaf 
anlagan/primordia present during photoperiodic induction. These primordia are 
secondarily "floralized." 

The chimeric flower-paraclade shoots have a rough bilateral symmetry; the abaxial 
side is flower-like. This symmetry suggests that the abaxial region of a developing 
leaf primordium may be affected directly by the influx of floral stimulus during the 
induction of flowering. 

The production of chimeric flower-paraclade shoots indicates that at least some 
Arabidopsis primordia are developmentally plastic (not strictly determined at 
inception). 
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Rx.pression of a MADS·box gene (rcdl) rrom Gerbera hyhrida (Composil.ac) is spatiaJly 

corrclated wlth translation of ft~tvonoid biosynthetic and J>Utathe cell·wall protein genes 

during floral organ dltTcrcntiation 

Kotilaincn M, Helariutta Y, Dlomaa P, Yu Dl, Albert VI. Teeri TH 

Institutc of Biotechnology, Univcrsity of Helsinki, Finla.nd 

1Dept. of Physiologica.l Bnmny, Onivcrsity of Uppsala, Swcdcn 

We are interested in analyzing floral organ diffcrentiation in Compositac through studics of gene 

expression in gerhera. We bave approached this on one hand by studying flavonoid pathway 

genetics and oo the other by cloning and characteriz.ing genes abundant during corolla 

devclopment. 

Using dillerential screening experimeots wc isolatcd a cONA, red!, which ha.~ higb similarity 

with MADS-box genes of othcr planL~. being closest to jbp2 of petunia. We havc studied red 1 

exprcssioo, focusing particularly oo the diffcrentiating floral orga.us. R¡;ul is specitic for floral 

organs. Its expressioo is tirst detected in what appear to be the sepalar riog primordia of early 

tlow~:r buds. In differentiating Oowers rctfl is cxpresse.d in al! four wborls. First it can be 

detcctw uniforrnly ami later it Jocalizes lo epidenna.l and vascular lissues (of corolla) and to 

epidermal and transmilling tissues (of thc . ~tyle) . 

During corolla de.velopmcnt the late patte.rn of red 1 exprt:ssion corrclatcs spatially w.ith the 

exprcssion of hoth early lUid late flavonoid biosyntbetic genes (¡Jal. clls, d.fr) a'> well sorne 

putativc cell-wall protein genes, gtt5 (PRP-Iike) and xty2 (with a cystcine ricb domain), 

suggcsting the involvernent of rcdl in lhdr gcnetic regulation. 

Tn future work wc will study the putativc rcgulatory role uf red! and it" linkage to markcr 

genes by ta.king advantage of thc transfonnation technology wc havt: developed t"or gerbt:r.t. For 

examplc, transgcnil:s with constitutivc 35S-antisense-rcdl c.onstru¡;ts shuuld block both thc floral 

organ dctcnnination ami dlffereotiation related rcdl exprcssion. We have rcccntly isolaJ.ed 

promoter region of gltpl (codes for lipid transfcr protein) anct hased on lht: northem hlot 

cxperiments, the promotcr should be active ouly uuring tht: differentiation period. Thus the gltpl 

promotcr-antisense-rcdl construct should block rcdl expression related only to floral orgao 

differentation. 
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lsolatlon of the AP1/SQUA homologous genes ( SQE1 and SQE2) 
from Eucslyptus. , 
Junko Kyozuka, Rebecca Harcourt, Xiaomei Zhu, Jim Peacock, liz Dennis 
CSIRO Divisíon of Plant lndustry, GPO Box 1600, Canberra ACT, 2601 Australia. 

Eucalyptus has a very different flower structure to Arabidopsis and Antirrhinum. 
In order to understand the molecular basis of flower development we have clonad 
severa! floral genes from Eucalyptus. The SQUAMOSA (SQUA) and APETALA 1 

(AP1) genes are required for correct development of sepals and petals in 
Arabidopsis and Antirrtlinum. In Eucalyptus sepals and petals are fused and 
form a cap-like structure callad operculum. Here we describe the lsolation and 
characterisation of AP1/SQUA homologous genes from Eucatyptus. 

A PCR-based strategy was taken to clone the gene from Eucalyptus. Prímers to 
the MADS-box were usad to amplify DNA from Euca/yptus globulus. By 
screenlng a young flower bud cONA library with PCR amplified MADS-box 
fragmentas a probe, we obtained two cDNAs (SOE1 and SQE2 ). Both are 
single copy genes in Eucalyptus. SQE1 contains an open reading trame 
encoding a 245 amlno acid polypeptide. SQE2 produces two different length 
mANAs by alternativa splicing of the last intron which encode 205 and 243 amino 
acid polypeptides. The deduced amino acid sequences of SQE1 and SQE2 have 
high amino acid identity to each other and to the SQUA and AP1 proteins. All the 
deduced amino acid sequences contain highly conservad MADS-box and K-box 
domains. 

Northem blot analysls showed that SQE1 is expressed at all stages of flower 
development. SQE2 is expressed only in young flower buds. Neither SOE1 nor 
SQE2 is expressed at a significant level in leaves, stems or roots. More detailed 
expression pattems of the two genes will be determinad by in situ hybrídisation. 

To examine the function of the two genes in flower development, SQE1, SOE2 
and AP 1 cON As were ectopically expressed in Arabidopsis plants under the 
control of a constitutive prometer (CaMV35S) , Ectopic expression of AP1 caused 
a reduction of plant height and a homeotic change from inflorescence meristem 
to flower. These plants resembled plants homozygous for the previously 
described Arabidopsis mutation terminal flower ( tfl), A similar tf/-like phenotype 
was al so observed in Arabidopsis plants carring 358 driven SQE 1 and SQE2. 
These results suggest 1) Over expression ot AP1 can produce a tfl phenotype, 
2) Eucalyptus coding sequences are functional in Arabidopsis, and 3) SQE1 and 

. SQE2 have AP1-Iike functions in flower development. 

These results together with the similarity in DNA sequences strongly suggest that 
we have cloned AP1/SQUA homologous genes from Eucalyptus. 
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Bracteomania as a Tool to Study Early Flower Development 
in Antirrhinum majus. 

Hans Meijer, Heinz Saedler, Petar Huijser. 

In Antirrhinum two classes of floral homeotic genes have been recognized: 
meristem identity and organ identity genes. Organ identity genes can be 
classified into three classes, corresponding to three pathways (1). As only 
gain of function and no loss of function mutations are known in Antirrhinum 
which affect the identity of whorl 1 and 2, the pathway that determines the 
identity of whorl 1 and 2 was defined as the ground state or basic pathway. 
With respect to the basic pathway and the interaction between the meristem 
identity genes and the organ identity genes not much is known yet. 
Upon mutation, the meristem identity genes SQUAMOSA (SQUA, (2)), 
FLORICAULA (FLO, (3)) ano SQUAMATA (SQUAM, (4)) show a 
bracteomaniacal phenotype: instead of flowers they develop secondary 
shoots wilh b(acteose leaves. We investigated the action of SQUA, FLO and 
SOUAM by growing several wt and mutant lines under different conditions 
and by measuring severa! physiological parameters. lnflorescences were 
studied by SEM and Northern analysis, using FLO, all available MADS-box 
and SBP (J. Klein et al., in prep.) genes as probes. Double mutants were 
constructed to study the interaction between SOUA, FLO and SQUAM, and 
between these genes and PLENA (PLE, (5)) and CENTAOAADIALIS (CEN, 
{4)). For all the three bracteomaniacal mutants allelic differences were 
found, which partly could be explained by the different genetic backgrounds. 
The dependance of the phenotype of the squa and squam shoots on the 
environmental conditions and developmental age demonstrates the 
presence of a gradient of flower inducing activity. 
Our analysis allows the interpretation of the switch from vegetativa to 
generativa growth as an imposition of the floral identity upon the vegetative 
identity, without an intermediate inflorescence program. We conC;Iuded that 
SQUA, FLO and SQUAM can be classified as both meristem identity and 
ground state pathway genes. 

1. Schwarz-Sommer, Zs., P. Huijser, W. Nacken, H. Saedler. H. Sommer. Science 1990. 250: 
931 - 936. 
2. Huijser, P., J. Klein, W.E. lónnig, H. Meijer, H. Saedler, H. Sommer. EMBO 1992. 11: 1239 
• 1249. 
3. Coen. E.S., Romero, S. Ooyle, R. Elliott, G. Murphy, R. Carpenter. Cell1990. 63: 1311-
1322. 
4. Stubbe, H.: Genetik und Zytologie von Antirrhinum l. sect. Antirrhinum_ VEB Gustav 
Fischer Verlag Jena 1966. 
5. Bradley. D., R. Carpenter, H_ Sommer, N. Hartley, E.S. Coen. Cell 1993. 72: 85- 95 . 
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ANAL YSIS OF THE FUNCTIONAL HOMOLOGY OF THE MAIZE ZA G 1 

GENE ANO THE ARABIDOPSIS FLORAL IDENTITY GENE AGAMOUS. 

Montana Mena, Martln F. Yanofsky and Robert J. Schmldt. 
Department of Biology and Center for Molecular Genetics, University of 
California at San Diego, La Jolla, California 92093-Q116 

The maize ZAG1 gene has been isolated by sequence homology with the 
AGAMOUS gene that is required for the determination of stamen and carpel 
identity in Arabidopsis {Yanofsky et a1.,1990). Severa! observations have been 
presentad that suggest that ZAG 1 represents the maize homolog of A G 
(Schmidt et al., 1993). The amino acid sequence encoded by ZAG1 is highly 
similar to that of AG both within and outside the well-conserved MADS motif. 
The ZAG1 protein produced In vitro binds to putativa AG binding sitas. Similar 
to AG, ZAG 1 expression is restricted to developing stamen and carpel 
primordia suggesting that, like A G, ZA G 1 plays a role in specifying the 
development of reproductiva organs within the flower. 
We have investigated the possible functional homology of these two genes by 
phenotypic and molecular analyses of transgenic Arabidopsis plants in which 
ZAG1 is expressed constitutively under the control of the cauliflower mosaic 
virus 35S promoter. lf ZAG11ike AG is able to suppress the activity of the A 
function gene AP2, its ectopic expression is predicted to deviate the normal 
floral morphology toward an ap2-like phenotype (Bowman et al.,1991; Mandel 
et al., 1992; Mizukami and Ma, 1992). Most of the transformants carrying the 
35S-ZAG 1 fusion did indeed produce abnormal flowers that resembre ap2 
mutant flowers. In the most severe cases, the first whorl organs develop as 
modified sepals that exhibit carpelloid characteristics such as the development 
of stigmatic tissue at the üps and the lack of trichomes. The second whorl 
organs differentiate as staminoid petals with their basal portian shaped like 
stamen filaments and a blade that is shorter and narrower than in wild-type 
petals and that in most cases has yellow patches. RNA blot hybridization 
analysis indicates that the level of ZAG 1 expression in flowers correlatas with 
the severity of the ap2-like phenotype presentad by independent transgenic 
fines. By introducing the ZAG1 transgene into a mutant ag background we are 
also examining if ZAG1 can fully or partially direct the specification of stamens 
and carpe! and the determinacy of the floral meristem and, therefore, to 
rescue the ag mutant phenotype. Two additiona: functions of AG. the negativa 
regulation of AP1 and the positiva regulation of AGL5 expression, are being 
also tested for ZAG 1. 

References: 
Bowman, J.L., Smyth, D.R., and Meyerowitz, E.M.(1991). Development 112, 1-20 
Mandel, M.A., Bowman, J.L., Kempin, S.A., Ma., H., Meyerowitz. E.M., Yanofsky, M.F. 
(1992). Cell 71, 133-143. · 
Mizukami, Y., Ma, H. (1992). Cell 71, 119-131. 
Schmidt, R.J., Veit, B., Mandel, M. A., Mena, M., Hake, S., Yanofsky, M.F. (1993) 
Plant Cell 5, 729-737. 
Yanofsky, M_.F., Ma, H., Bowman, J.l., Drews, G., Feldman, K., Meyerowitz, E.M. 
(1990). Natura 346, 35-39. 
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THE ROLE OF MYB GENES FROM Antirrhinum majus IN THE REGULATION 
OF FLAVONOID BIOSYNTHESIS 

Enriqueta Moyano and Cathie Martín 
Dept of Genetics. John Innes Institute. John Innes Center. Colney 
Lane.Norwich NR4 7UH. U.K. 

In Antirrhinum majus a series of myb-related transcription 
factors expressed in flowers have been identified (Jackson et 
al., 1991, Plant Cell; Noda et al. 1994, Nature). We have shown 
that one, a flower-specific Myb protein (myb-305), activates 
transcription of phenylalanine ammonia lyase (PAL), the first 
step in phenylpropanoid biosynthesis and also binds to the 
prometer of the Antirrhinum majus chalcone synthase (CHS) gene 
(Sablowski et al, 1994, EMBO J.). The binding site (H-box-like) 
is an element conserved in the promoters of others genes involved 
in flavonoid pigment synthesis from Antirrhinum. The regulation 
of flavonoid biosynthetic genes in Antirrhinum appears to be 
complex (Martín et al., 1991, Plant J., 1:37-49). To test if myb-
305 and myb-340, two flower-specific transcription factors, 
actívate transcription of these biosynthetic genes we have used 
an in vivo yeast system. It consists of two plasmids, an 
integrative plasmid pMH1, which contains a truncated cyc-1 
prometer fused to the LacZ reporter gene and an effector plasmid 
(pYES2) with contains the Gall prometer for expression of the 
transcription factor gene. We have cloned about 200 bp from the 
promoters of the biosynthetic genes: CHS, CHI, F3H, DFR and candi 
in pMH1 and the coding sequence of myb-305 and myb-340 in pYES2. 
The transcriptional activation by these Myb proteins to these 
promoters in yeast was studied by measuring the p-galactosidase 
activity under induction conditions of the transcription factor. 
Both Myb proteins activated transcription from PAL, CHI and F3H 
prometer but not CHS, DFR and candi. Myb-340 activation was 
always stronger than myb-305 activation. However, by EMSA 
studies, we have shown that they bound to all these promoters, 
being the binding activity by myb-305 stronger than that by myb-
340. Their temporal expression during floral development is very 
similar and to determine whether their spatial expression in 
flowers is also similar, sorne work by in situ hibridization is 
in progress. These results suggest these two myb transcription 
factors could be competing in the regulation of these promoters. 
To test that we are co-expressing both proteins in the yeast 
system which will determine their function in the control of 
flavonoid biosynthesis. We are also studing sorne tobacco 
transgenic plants over-expressing Myb 305 protein. 
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REDOX KODULATZOR OF TBE EXPRESSZOR OF BACTERZAL GERES ERCODZRG 
CYSTEZRE-RZCH PROTEZRS ZR PLANT PROTOPLASTS 

MANUEL PIÑEIRO 

Cambrige Laboratory 
John Innes Centre, Colney Lane 

NORWICH NR47UH {U.K.) 

Activity of neomycin phosphotransferase II (NPTII; gene neo; 
five cysteines) in tobacco protoplasts transfected with fusions 
of the octopine TR2' or cauliflower mosaic virus 35S prometer and 
the neo gene, with or without a signal peptide, increased up to 
8-fold in response to externally added dithiothreitol (DTT) at 
concentrations that did not affect protoplast viability (up to 
2.5 mM). Activity of phosphinothricin acetyl transferasé (PAT; 
gene bar; one cysteine) expressed under the control of TRl' or 
35S prometer was not similarly affected, thus excluding a redox 
modulation of transcription as the mechanism of NPTII activation 
by DTT. Western blot analyses showed an increase in the amount 
of protein in response to DTT, whereas the steady-state level of 
NPTII mRNA nor the specefic activity of the enzyme was affected. 
The same type of modulation was observed for transiently 
expressed B-glucuronidase (nine cysteines) produced from a fusion 
with the 35S prometer, with or without a signal peptide. 
Limitation of cotranslational andfor early posttranslational 
steps by excessively oxidizing sulfhydryl/disulfide redox 
potentials is postulated to explain the low net accumulation of 
cysteine rich proteins of bacterial origin (Le., NPTII and B
glucuronidase) when expressed in plant protoplasts, and the 
marked increase in such proteins in response to externally added 
DTT. 
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Rhythmic changes in expression of specific mRNA species during flower 
induction 

Ross A. Bicknell, Antonio Marrero·Dominguez, Roy M. Sachs, and Michael S. 
Re id 

Department of Environmental Horticulture, University of California, Davis, CA 
95616, USA 

Early events associated with flower induction were examined in the sensitlve 
leaves of two classic photoperiodic model plants, Pharbitis ni/, and Xanthium 
strumarium. cONA libraries prepared from mRNA isolated from induced and 
non·induced leaves were differentially screened to select clones whose expression 
increased or decreased during induction. The hybridization of two induction
specific Pharbitis cONA probes to Xanthium RNA was studied using Northem 
analysis. One of the probes showed a low degree of hybridization to a Xanthium 
species. Transcript abundance was measured by Northem analysis of RNA 
isolated from leaves and other tissues throughout the inductive cycle. Abundance 
of sorne clones changed in a cyclical pattem which was changed by photoperiodic 
manipulations lmown to change the response to the inductive signa!. 
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The identification of genes involved in ar:,ther histodifferentiation and 
anther-specific gene regulation 

Rod Scott 
Department of Botany, University of Leicester 
University Road, Leicester LEl 7RH (U.K.). 

Floral development is firmly established as a key model system for the study of morphogenesis 
in higher plants. Genetic and molecular genetic studies have provided an insight into the 
regulatory events goveming the establishment of the floral apex and the position and identity ot 
the floral organs. Similarly, concertad efforts to clone and characterise genes expressed within 
one of these organs, the stamen, ha ve shown that anther differentiation and function require the 
highly regulated expression of numerous organ specific structural genes. Consequently, with 
respect to the anther we ha ve the beginning and end of a molecular genetic account of organ 
differentiation. However, we remain profoundly ignoran! of the regulatory events and processes 
that lie between the floral homeotic genes and the anther-specific structural genes and which 
must form the bulk of this story. For example, the target genes for the floral homeotic gene 
AGAMOUS ha ve not been found, nor the transcriptional activators of any anther-specific genes. 
For this reason, we have been attempting to identify genes in Arabidopsis thaliana that are 
required for the activity of a set of tapetum-specific structural genes. 
Our approach involves the mutagenesis of Arabidopsis lines carrying the prometer of the target 
gene coupled to the coding regions of various reportar genes. The target genes (A6, A9) were 
isolated from Arabidopsis thaliana and display an extraordinary level of developmental 
regulation. Prometer fusions to the ribonuclease barnase showed that both are tapetum-specific 
The gene A6 is first expressed in microspore-release stage anthers and probably encodes a 
glucanase involved in this process. The gene A9 is first expressed in premeiotic stage anthers 
and represents the earliest tapetum-specific gene documentad to date. 
Genes encoding components within the transduction pathway of the target gene are then 
identified by screening for M2 individuals which fail to express the reportar gene. Our 

expectation was that we would identify severa! classes of genes including genes involved in the 
histodifferentlatlon of the anther (eg affected in archesporial cell or tapetal cell 
differentiation) as well as the direct transcriptional activators of the target genes. In the first of 
such screens, involving A6-gus and A9-gus lines mutagenised by gamma irradiation, 4 A6 and 
8 A9 gus-negative and 6 A6 and 17 A9 gus-positive mutants were identified. 1 of the A6 gus
negative mutants was fertile and 3 were sterile; 5 of the A9 gus-negative mutants were fertile 
and 3 were sterile. 
The recovery of gus-negative mutants is highly significan! since preliminary experiments in 
which the reportar genes were introduced in 3 male-sterile genotypes from the Nottingham 
University stock centre collection, which were selected because the lesions were thought to be 
early acting, had shown that gus activity was maintained in these mutants. This suggests that 
these MS genes do not interact with A6 or A9 and act relatively late in tapetum development. 
Accordingly the screen appears to have identified a novel set of MS genes. The identification of 
gus-negative male-fertile mutants is also highly significan! since the wt. genes must lie very 
close to the target genes in the regulatory cascade. 
We have begun the detailed analysis of these mutants. Crosses to wild-type have shown that for 
each of the gus-negative mutants tested so far the reportar gene is functional. Allelism tests and 
genetic mapping are also underway and this data will be presentad. 
Histological studies have been carried-out on 2 male-sterile gus-negative A9 mutants and these 
show that in both cases that the gross-morphology of the anther is unaffected, but that tapetum
differentiation does not occur. This preliminary data suggests that these mutants are detective in 
tapetum histodifferentiation (tapetum-less). Similar analysis is underway for the other mutants. 
Once mapping is complete, sorne of the genes will be selected for cloning either by 
chromosome walking or subtractive hybridisation techniques. 
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S~UDIBS OH TBB BXPRBSSIOB ARO .V.CTIOR OP 
CO DB GBRB CO~OLLIRG PLOWBRIRG 'l'IKB IR Arabidópsis 

Rüdiger Simon 

The flowering time of many plant species is under photoperiodic control; The constans ~ 
mutant of Arabidopsls flowers later than wlldtype under long photoperiods. The CO gene 
encocles a putativa transcriptlon factor, harbouring two zinc-flnger domains, and a basic 
domain at lts N-terminus . .We.hav.eJsolated.a.number of CO-related genes from.Arabldopsis, 
rice and maize, indicatingc thaLCO. is.·tba foundingc:member of a new class :of:,transcription 
factors. Experlmeots :a{'e'.under.way to ~nvestigate wether CO-IIke genes-control =otheraspects
of flower devtopment In Arabldopsis. 
Flowering time seems to be sensitiva to CO copy number, indicating that CO expression ls 
a critical determinant of flowering ·time. When wildtype plants are grown under long 
photoperiods, expresslon of CO ts detectable already at the cotyledon stage, long before the 
first floral buds are visible. Under short photoperiods, CO expresslon ls delayed untll the first 
leaf prlmordia are visible. 
Mutations In the CO gene enhance the effects of mutations affecting floral meristem ldentity, 
and delay the onset of flowering of early flowering mutants affected In phytochrome functlon. 
We are now investigating In more detail the regutation of CO expresslon during plant 
development, how CO interacts with olher genes controlling floWerlng time, and wether CO 
does act as a DNA blnding gene to regulate the expression of downstream target genes. 
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A GENETJC AND MOLECULAR ANAL YSJS OF FLOWER 
INITJATION IN ARABIDOPSIS. 

Wim Soppe, Carlos Alonso--Blanco, Maarten Koornneef and Ton 
Peeters 
Oepartment of Genetics, Agricultura! University Wageningen, 
Oreyenlaan 2, NL-6703HA Wageningen, The Netherlands. 

At least 14 loci have been identified of which the mutant delay 
flowering in long days in Arabidopsis thaliana ecotype Landsberg 
erecta (Ler) "wild type". The epistatic relations among 1 O of these 
genes, as well as their response to vernalization and daylength 
have been determined. The cloning of fwa, one of the late 
flowering genes, by means of "chromosome walking" is in 
progress. The latest results about the gene, cONA and expression 
will be reported. 
For the cloning of fwa by means of chromosome walking the clase 
linkage between fwa and abi1 was used allowing the localizatión of 
the fwa gene on a YAC isolated by Leung et al. (1994) . 
Subsequently by using subclones of this YAC in cosmids and A. 

phages we locáted fwa on one phage. This phage was used to 
screen a cONA library (A.PRL-2, constructed by Thomas Newman 
and obtained from the ABRC in Columbus, Ohio, USA). This· 
provided us with 3 different cDNA's in this area, ona of which is 
believed to be fwa. Fine mapping of fwa will probably further limit 
the number of possible cONA's. Since fwa is a partially dominant 
mutation and therefore impossible to fully complement, we 
constructed genomic libraries of both mutant afieles and screened 
for the genomic fragments containing the mutant gene. These 
constructs will be used to introduce by transforming the mutant 
alleles in wildtype Landsberg erecta plants . Furthermore, all three 
alleles (wildtype and mutants) will be sequenced and the expected 
differences between the wildtype and' the mutant alleles will 
indicate that the gene we isolated is fwa . 

J. Leung et al. (1994), Science 264; 1448 
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The effect of pollination conditions on the flower biology of Vicia faba. 

Mondragao-Rodrigues, F. and Suso, M.J. 

The low ratio of flower to pod is considered by many breeders a major problem of 
faba bean crop. As in many pulses the number of flowers per node is variable but always 
exceeds the number of pod per node. 

Field studies were conducted to obtain more information on the relative importance 
of pollination conditions on floral abortion of Vicia faba. Two different pollination conditions 
were used: self-pollination, cages were used in the field to exclude pollination insects, and 
open-pollination. 

Twelve entries with a broad variation in reproductive characters were studied. 

Our observations showed that the number of nodes with flower increased in self
pollinated plants . Results also suggest that at least in sorne genotypes an "excess" of flowers 
would be produced until an optimal number of pods has been set; thus, flower production 
could be adjusted by the plant upwards as well as downwards in order to optimized the 
number of pods. 
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*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. 
Nelson. 

*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. Larner. 

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 Vertebrates. 
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 T~enty-First Century. Vega. 

Organizers: F. Alvarez and S. Conway 
12 Workshop on Reverse Genetics of Morris. 

Negative Stranded RNA Viruses. 
*4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A . 

ofZea 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 Signal Transduction by Organizers: P. Bateson and M. Gomendio. 

Growth Factor Receptora with Tyro-
*7 Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato and A. 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. 



Instituto Juan March (Madrid)

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 . 

·2o 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. 
Wellington , 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-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
ANA 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 Human and Experimental Skin Carcin
ogenesis 
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, 

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. Lerrna and P. H. Seeburg. 

34 Workshop on Computational Approa-
ches in the Analysis and Engineering 
of Proteins 
Organizers: F. X. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho-
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

A. López-Rivas and C. Martínez-A. •: Out of stock. 
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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 

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

In the last six years, a 
total of 70 meetings and 6 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 1 3rd through the 15th of February, 1995, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


