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The gibberellins (GAs) constitute a large group of diterpenoid compounds, sorne of 

which function as regulators of growth and development in plants. They were discovered 

about 60 years ago in the fungus Gibberellafujikuroi, the agent ofthe "bakanae" rice disease, 

which is characterized by a very elongated phenotype. GAs were shown later to occur 

naturally in plants, where they control developmental processes throughout the life cycle, 

including seed germination, stem elongation, flower induction and development, and fiuit 

growth. They have also been shown to mediate the effects of environmental stimuli, such as 

photoperiod or low temperatures, on developmental processes, particularly germination, 

bolting and flowering. 

Experiments with mutants and inhibitors of GA biosynthesis have indicated that 

relatively few of the 125 currently known GA structures function as hormones, many of the 

others being precursors or catabolites ofthe active GAs. The complex biosynthetic pathway to 

the active compounds is well understood. It consists of three stages: in the first, 

geranylgeranyl diphosphate is converted in two steps to ent-kaurene by cyclases (copalyl 

diphosphate synthase, CPS, and enl-kaurene synthase, KS) located in plastids; in the second 

stage, ent-kaurene is oxidised on membranes by cytochrome P450 monooxygenases to GA12 

and GA53, which, in the third stage, are converted by soluble, 2-oxoglutarate-dependent 

dioxygenases to the active hormones, G~ and GA¡, respectively. Dioxygenases also 

catabolize the inactivation ofGAs by 2¡3-hydroxylation. 

Within the last five years, spectacular progress has been made in our understanding of 

GA biosynthesis and its regulation though the cloning of genes encoding the biosynthetic 

enzymes. More than half the genes of the pathway have now been cloned, including the 

cyclases CPS and KS, the cytochrome P-450 ent-kaurene oxidase, and the dioxygenases GA 

20-oxidase, GA 3-oxidase and GA 2-oxidase. A GA 3-oxidase in pea was shown to be 

encoded by the LE gene, mutation of which causes dwarfism in pea; difference in stem height 

between tall (LE) and dwarf (le) peas was one of the seven genetic traits used by Mendel in 

his studies on the nature of inheritance. The availability of these clones has enabled progress 

in several areas. Expression of cDNAs in heterologous systems has provided sufficient 

amounts of enzymes for characterisation of their function and mechanisrn. lt has also been 

possible to investigate the regulation of GA biosynthesis in relation to plant development, 

tissue localisation and environmental stimuli. 

Instituto Juan March (Madrid)
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Although progress on the mode of action of GAs has not been as rapid as that on GA 

biosynthesis, impressive advances haYe also been made in this area, particularly from genetic 

approaches. GAs are k.nown to modify the expression of genes in relation to severa! 

developmental processes. In particular. considerable progress has been made in understanding 

the regulation of o:-amylase gene expression by GA in cereal aleurone cells. There is 

compelling evidence for the presence of GA receptors on the outside of the plasma membrane 

of cereal aleurone cells. The involwment of heterotrimeric G-proteins, Ca2+, calmodulin, and 

a GAMyb transcription factor as signa! transduction elements mediating the induction of o:­

amylase synthesis by GA in such aleurone cells has also been demonstrated. In the model 

plant species Arabidopsis thaliana. three genes (GAI, SPY and RGA) that act as negative 

regulators ofthe GA signa! transduction pathway have been isolated and their interaction and 

function are being studied intensiwly. There have been reports of further genes that modify 

the GA response so that there should be exciting developments in this area in the next few 

years. 

From a practica! standpoint. severa! laboratories are manipulating GA content in 

transgenic plants by modifying the expression of GA biosynthesis genes ( overexpressing and 

underexpressing using antisense and ribozyme technologies), orare altering the expression of 

GA response genes. These approaches are providing the means to modify phenotypic 

characteristics, sucb as shoot length or parthenocarpic fruit development, in species of 

agricultura! interest. 

The workshop assemblec scientists working on molecular aspects of gibberellin 

biosynthesis and mode of action. J¡ provided an opportunity to review the rapid and exciting 

progress that is being made in th e-;e areas, covering both fundamental and applied aspects of 

the work. Perbaps more imporu.ntly, it brought together workers from these two areas, 

biosynthesis and action, which h<Ye tended to be worked on separately by researchers with 

different interests and expertise. This was particular! y time! y since it is now realised that the 

two areas are closely linked, with GAs regulating the expression ofGA-biosynthetic genes in 

feedback and feedforward regulat:,,n ofbiosynthesis. 

Peter Hedden and José L. García-Martínez 

Instituto Juan March (Madrid)



Session 1: Regulation of developmental processes 
by gibberellins 

Chair: Peter Hedden 

Instituto Juan March (Madrid)



13 

Regulation of stem growth by gibberellin 

Hans Kende 

Michigan State University, East Lansing, MI 48824-1312, USA. E-mail: hkende@msu.edu 

Deepwater rice (Oryza sativa L.) is a subsistence crop in areas of Southeast Asia that 
are flooded during the rain y season. Survival of this rice depends on its capacity to elongate 
rapidly when it becomes partially submerged and to keep part of its foliage above the rising 
waters. This growth response is, ultimately, induced by gibberellin (GA). Intemodal 
elongation is based on increased production of new cells in the intercalary meristem and on 
enhanced elongation of these newly formed ce lis (Kende et al., 1998). 

Identification of GA-regulated genes complements characterization of GA-response 
mutants as an approach to determine steps in the GA response pathway. Because of the 
magnitude of the GA response in deepwater rice and the involvement of both cell elongation 
and cell division, we expected that GA would regulate, directly or indirectly, the expression of 
growth-related genes. Such genes were identified by a targeted approach and by differential 
display of mRNA. Early GA-induced genes fell into three categories: (i) Genes whose 
products are involved in regulating the cell cycle, namely genes encoding two cyclins, a 
p34cdcJ'CDClB protein kinase, hlstone H3, and replication protein Al (RPAl) (Kende et al., 
1998); (ii) genes encoding the cell-wall-loosening protein expansin (eho and Kende, 1997); 
and (iii) genes with products of unknown function. The effect of GA on the expression of 
expansin genes and of genes with unknown function will be described. 

\Y! e srudied the expression of four cx-expansin genes in rice (eho and Kende, 1997). 
Submergence and treatment with GA induced accumulation of Os-EXP4 mRNA within 30 
min of treatment, i.e., before the rate of growth started to increase. This is the most rapid 
induction of growth-related gene expression that we have observed in deepwater rice. We 
transformed rice with the sense and antisense constructs of Os-EXP4. The sense 
transformants, which overexpressed Os-EXP4, segregated into two populations, one that was 
significantly taller than the control plants transformed with the vector alone and one that was 
significantly shorter. Reduced growth may have been due to co-suppression. Among the 
antisense transformants, a subset of the population was significantly shorter than were the 
control plants. Recently, we started to study the occurrence of 1)-expansins, which may be 
more active in monocots than in dicots (eosgrove, 1998). We found in the growing region of 
rice intemodes a rapid GA-induced expression of genes encoding 1)-expansins (Lee and 
Kende, unpublished). 

Three genes--Os-DD3, Os-TMK. and Qs-GRFJ--whose functions are not known and 
whose transcripts accumulated in response to GA, were identified. The expression of Os-DD3 
mRNA increased in the intercalary meristem of rice internodes within 3 to 4 h of treatment 
with GA (Van der Knaap and Kende, 1998). The PSORT program predicted that Os-DD3 is a 
type lA plasma membrane receptor with a short cytoplasmic e-terminal tail. The putative 
intracellular domain contains a consensus protein kinase e phosphorylation site, and the 
extracellular domain an RGD motif. The latter has been identified as the amino acid sequence 
in fibronectin and other proteins that mediates cell adhesion through binding to a family of 

Instituto Juan March (Madrid)
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cell surface receptors, the integrins. The possibility exists, therefore, that Os-003 is involved 
in mediating the interaction between the cell wall and the inside ofthe plant ce! l. 

The transcript leve! of Os-TMK, a transmembrane leucine-rich repeat receptor-like 
protein kinase, increased in the internode within 2 h of GA treatment and was high in all 
tissues undergoing cell division and cell elongation (Van der Knaap et al., 1999). The kinase 
domain of Os-TMK is enzymatically active and autophosphorylates on serine and threonine 
residues. The kinase interaction domain of a kinase-associated protein phosphatase, Os­
KAPP, was phosphorylated in vitro by the kinase domain of Os-TMK. Li and Chory ( 1997) 
identified a leucine-rich repeat receptor-like kinase, BR11, which is involved in 
brassinosteroid signaling. Because GA and brassinosteroids are both terpenoids, their signa! 
transduction pathways may share similarities. 

Expression of Os-GRFJ (Qryza ~atjva-{iROWTH-!iEGULATING EACTORJ) is 
induced in the intercalary meristem of the internode within 2 h of GA treatment (Van der 
Knaap et al., 2000). Os-GRF1 has sequence similarities to a protein-binding domain of 
SWI2/SNF2 of yeast, which is a subunit of a 2-MDa chromatin-remodeling complex, and to 
transcription factors or activators. It possesses a functional nuclear localization signa! and a 
putative zinc frnger. The rice database contains an expressed sequence tag (EST) with 
similarity to Os-GRFJ, and the Arabidopsis database contains nine listings with similar 
sequences. We propose that Os-GRF1 is the prototype of a family of proteins with regulatory 
functions in transcription. Currently, we are trying to isolate the Arabidopsis ortholog of Os­
GRF 1 whose expression is regulated by GA in the growing region of the Arabidopsis stem. 
To determine the function of GRF1-like proteins, we are screening the Wisconsin collection 
of Arabidopsis T-ONA insertional mutants for plants with intenupted GRF-like genes. In 
addition, we are using DNA microarray technology to identify GA-regulated genes in 
Arabidopsis (Kim and Kende, unpublished). 

Refereoces: 
Cho H.-T. and Kende H. (1997) Expression of expansin genes is correlated with growth in deepwater rice. Plant 

Cell9: 1661-1671 
Cosgrove D.J. ( 1998) Cell \\'3lllooserúng by expansins. Plant Physiol. 118: 1105-1110 
Kende H .. van der Knaap E., and Cho H.-T. {1998) Deepwater rice: A model plant to study stem elongation. 

Plant Physiol. 118: 1105-111 O 
Li J. and Chory J. (1997) A putative leucine-rich repeat receptor kinase involved in brassinosteroid signa! 

transduction. Cell 90: 929-938 
Van der Knaap E. and Kende H. (1998) Transcript leve! for a gene encoding a putative type la plasma 

membrane receptor is induced by gibberellin in deepwater rice. Plant Cell Physiol. 39: 1127-1132 
Van der Knaap E., Kim J.H., and Kende H. (2000) A novel gibberellin-induced gene from rice and its potential 

regulatory role in stem growth. Plant Physiol. (in press) 
Van der Knaap E., Song W.-Y., Ruan D.-L., Sauter M., Ronald P.C., and Kende H. (1999) Expression of a 

gibberellin-induced leucine-rich repeat receptor-like protein kinase in deepwater rice and its interaction 
with kinase-associated protein phosphatase. Plant Physiol. 120: 559-569 · 
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Gibberellios aod fruit-set aod growth 

J.L. García-Martínez, I. Alvarez and T. Fiche! 

Instituto de Biología Molecular y Celular de Plantas, Universidad Politécnica de Valencia­

CSIC, Avda de los Naranjos s/n, 46022-Valencia, Spain 

Fruit-set and fruit growth following pollination and fertilization depend on gibberellins 

(GAs) in many species (!). This conclusion has been drawn mainly from application 

experiments with GAs and inhibitors of GA biosynthesis, and by quantification of GAs during 

the early stages of fruit growth. In the absence of pollination, or when the developing seeds are 

destroyed the fruit fails to grow. The effect of developing seeds can be mimicked by applied 

GAs, suggesting that the fertilized ovules are the source ofGAs for fruit growth. GA, has been 

proposed as the active GA regulating fruit-set and growth in pea, though its biosynthetic 

pathway in the seeeds is unknown (2). Furthermore, the function of seeds as a source of GAs 

for fruit-set and growth is still not clear since the pericarp, at least in the case of pea, has also 

sorne capacity of GA biosynthesis (2, 3). 

The role of seeds and pericarp in the GA economy of pea fruits during fruit-set and 

early growth has been investigated by analyzing: a) the transcript levels, in the pod and seeds, 

of genes coding for dioxygenases that catalyze the last steps of the GA biosynthetic and 

metabolic pathway: GA 20-oxidase, GA 3-oxidase and GA 2-oxidase (a cDNA clone of a new 

gene coding for a GA 2-oxidase has been isolated from youg seeds), and b) the effect of seed 

destruction (by pricking) on the response to applied GAs and transcript levels of genes of GA 

biosynthesis and metabolism. 

The pea ovary can also develop parthenocarpically (in the absence of pollination) when 

the plants are decapitated. lnterestingly, the effect of decapitation was negated when the ovules 

were destroyed, indicating that the unfertilized ovules have also a role in the biosynthesis or 

metabolism of active GAs. Plant decapitation induces parthenocarpic growth due to the 

removal of auxin transported basipetally from the apical shoot (4). On the other hand, we have 

found that the pea gio mutant has a reduced response to applied GAs due to its overproduction 

of auxin in the apex (5). This is in contrast with the effect of auxin-like compounds (e.g. 2,4-D) 

applied directly to the ovary where they stimulate parthenocarpic growth. Results of the effect 

of auxin applied at the decapitated stun1p, or directly to the ovary on the expression of genes 

coding for enzyn~es of GA biosynthesis and metabolism will be presented. 

Rcfereoces: 

(!) Garcia-Manínez JL, Hedden P (1997) Gibberellins and fruit development. ln : Phytochemistry of Fruit and 

Vegetables. Clarendon Press, Oxford, pp 263-285 

(2) Rodrigo MJ, García-Manínez JL, Santes CM, Gaskin P, Hedden P (1997) The role of gibberellins A 1 and A3 in 

fruit growth of Pisum sativum L., and the identification of gibberellins A. and A1 in young seeds. Planta 

201 : 446-455 
(3) van Huizen R. Ozga JA, Reinecke DM ( 1997) Seed and hormonal regulation of gibberellin 20-<>xidasc 

expression in pea pericarp. Plant PhysioL 115 : 123-128 
( 4) Rodrigo MJ, García-Manínez JL ( 1998) Hormonal control of parthenocarpic ovary growth by the apical shoot 

in pea . Plant PhysioL 116: 511 -518 
(5) Rodrigo MJ, Lópcz-Díaz 1, Garcia-Manínez JL (1998) The characterization of gio, a new pea mutant, shows 

the role of indolcacctic acid in the control of fruit dcvclopment by the apical shoot. Plant J. 14 : 83-90 
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Gibberellins and Floral lnduction in Arabidopsis 

Detlef Weigel, Miguel A. Blázquez, and Greg F. W. Gocal 

Plan! Biology Laboratory, Salk Insti tute , La Jolla, CA 92037, USA; emai l weigel@salk.edu; 
URL hllp://www.salk.edu/LABS/pbio-w/ 

Arabidopsis is a facultative long-day plant and flowers much faster under long than under short 
days. The nature of flori gen ic factors tha t transduce floral inductive s ignals within the plan! 
re mains elusive. but physiolog ical s tudies have provided valuable in formation on the flori genic 
propenies of severa! plant hormones, in particular gibberellins (GAs). The importance of GAs 
for flowering of Arabidopsis is evidenl from severa! results: first, GA deficienl mutants or 
mutants with reduced GA signaling flower late under long and short days, with particularly 
severe mutations such as ga 1-3 abolishing flowering under short days; second, mutants with 
constitutively elevated GA s ignaling flower early; and third, applied GA, decreases flowering 
ti me. 

GAs are involved in the regulation of many developmental processes in Arabidopsis. from 
seed gcrmination to cell elongation, so one importan! question is whether GAs play merely a 
pe rmiss ive role in flowering, or whether they also play an instructive rol e. To answer this and 
rclatcd questions, we have initiated fo rward and reverse genetic approaches to study the link 
betwcen GAs and flowering in Arabidopsis. In a reverse approach, we have been sllldying how 
GAs rcgulatc thc cxpression of LEAFY (LFY), a floral meriste m-identity gene. In a forward 
approach wc havc been sllldying mlll at ions that suppress the non-flowe ring defect of sh011 day­
grown ga 1-3 mutants. 

Thc cxpression of LFY. which encocles a transcription factor that activatcs downstream genes 
req uirccl for floral morphogenes is (Parcy e t al., 1998; Busch et al., 1999). increases g raduall y 
during the vcgetative phase of plants grow n in short days, and it s ex press io n is ctramatically 
enhanced under inductive long days (B lázquez el al., 1997). Expression in shon days is GA­
dependcnt. si nce LFY expression is strongly red uced in short-day g row n ga 1 .J mutants , which 
corre latc s well with the inability o f thi s mutan! to fl owe r unde r non -inctuc ti ve conditions 
(81;ízqucz e t al.. 1998). 

Delction analysis revealed severa! redu ndantly acting clements in the 2.2 kb full -lcngth LFY 
promotcr. but we were able to create a sy nthetic 0.6 kb promoter that was suflicient for rcscue of 
/(r mut ants when fused to a LFY cONA. In the context of this derivative promoter, GOF9, a 
small element of a few base pairs became essential for sh011-day expression, such that the G09m 
re po ner was still active under long days, but not under short days. We demonstrated that the 
GOF9m dcfect was specific by analyzing GOF9m activity in various gene tic backgrounds. The 
CONST ANS (CO) transcriptio n factor is bolh necessary and sufficient to activate the long-day 
dcpcndcnt pathway of floral induction (Simon el al., 1996). Whilc GOF9m was no longer ac tive 
in lon g-day grown co plan ts. const itutive ex press io n of CO in short clays restored GOF9m 
activity. In contrast. constiluti vc expression of FT, which acts panially downstrcam orCO, but in 
p;¡r;dlcl with LF>' (Kardailsky ct a l. , 1999). cou ld no t rcstore vcgcta ti vc GOF9m activity. 
Furthcrmorc . GOF9m did not rcspond toGA application. nc ithc r in shon nor in long d;1ys. 

\Vc cvaluatcd thc biolog ica l s igniCica ncc of thc GOF9m mutation by lú s in g thc GOF9m 
promo~c·r 10 ;¡ LF>' cDNA and introducing thi s construc t into lfy lllUl ;ull s . In contr;¡s t to GOF. 
COF<J111 rc,;cucd thc /f.\' mutant only in long.. hut not in short days. 
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Thc sequencc element that has been mutated in GOF9m was bound in vitro by thc AtMYB33 
protein, an Arabidopsis homolog of the GAMYB transcription factor, which transd uces GA 
signals in cereal aleurone cells (Gubler et al., 1995). Howevcr, we havc not established which 
MYB factor (if any) interacts with the GOF9m site in vivo. Overexpress ion of AtMYB33 
conferrcd partial resistance to the GA biosynthes is inhibitor paclobutrazo l during sced 
gcrmination, but did not affect flowering. 

While the rcverse genetic approach has identified a cis-element in the LFY promoter that 
mediales GA effects, we have used forward genetics to iden tify e lements in trans that med iate 
the regulation of LFYexpression by GAs. We have isolated mutations that spccifically suppress 
the floweri ng defect of ga /-3 mutants, in an attcmpt to define a GA-signaling branc h different 
from the ones tha t control other GA responses. We ha ve isolated mutations at four different FOC 
(for .Eiowering Qf QA-deficient mutants) loci , of which two, in FOC 1 and FOC2, primarily 
suppressed the flowcring defect, while fog3 and fog4 muta tions suppressed al so other defects of 
gu 1 mutants. FOC3 turned out to be allelic toRCA, whereas FOC 1 and FOC2 ident ified two 
new loc i on chromosome 5. The mutations in FOG 1 and FOG2 dominantly reduced fl owering 
time under short days not only in ga 1-3, but a !so in a CA r background . FOC 1 acted upstream of 
LFV, as shown by the restorati on of LFY promote r activity in/ág /-1 D gu 1-3 mutant s. 

Onc concern was that fo¡; 1-1 D and .fog2-l D were by pass suppressors th at suppresscd th e 
ga /-3rlowe ring defcct by activating in short days the GA-indcpcndent long-day palhway. which 
is mediatcd by CO. Howcvcr. CO was notuprcgul ated infogl-/D, which is diffcrent lro m othcr 
mlllant s that llower early in shorl days, suc h as elfJ (G. Coup land , pers. communication). 
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Gibberellins control trichome differentiation in Arabidopsis 

Michel Herzog, Jean-Marc Bonneville, Daniel Perazza, Gilles Vachon 

Génétique Moléculaire des Plantes, UMR CNRS 5575, Université Joseph Fourier, BP 53, 
F-38041 Grenoble, France. E-mail: michel.herzog@ujf-grenoble.fr 

Recently, gibberellins (GA) have been credited a new role in trichome development in 
Arabidopsis. GA-deficient ga 1-3 plants have almost completely glabrous lea ves in the 
absence of exogenous GA (1,2,3). Trichome formation has been studied extensively and 
requires more than 25 genes (4), two of which, GLABROUSI (GLI) and TRANSPARENT 
TESTA GLABRA (TTG). are required for trichome initiation. The GLI gene encodes a protein 
that contains a Myb domain, suggesting that GLJ is likely to function as a transcription factor 
(6). The recently cloned TTG 1 gene encodes a WD40 repeat protein distantly related to the J3 
subunit of heterotrimeric G proteins, suggesting a role for TTG 1 in signa! transduction to 
downstream transcription factors (7). Before the TTG gene was cloned, it had been shown that 
a ttg mutation in Arabidopsis could be complemented by the maize R gene, which encodes a 
Myc transcription factor functionally but not structurally related to TTG (8,9). Because 
trichome cells are readily visible and non essential, they provide a powerful new cellular 
model for dissecting the GA-signalling pathways. 

GA up-regulates GLJ and possibly TTG expression in trichome cells. 
Using the constitutive GA-response mutant spindly (spy) (5) and uniconazol (a GA­

biosynthesis inhibitor), we showed that the activation of GA-signal transduction pathway 
correlates positively with both trichome number and trichome branch number. Interestingly, 
spy-5 displays overbranched trichomes and shows a high degree of ploidy (about 64C DNA) 
compared to the wild type trichome nucleus (32C). We observed that spy gil double mutants 
are glabrous, indicating that SPY acts upstream of GLI. GA, thus, appears to be in volved in 
bOth initiation and development of trichomes, including the negative control of 
endoreduplication. 

To test the hypothesis that GLI andlor TTG genes were GA-target genes, we 
introduced 35S-GLI (6) and 355-R (8) genes in the ga 1-3 mutant background : overexpression 
of GLI alone or R alone only poorly rescue trichome formation in the GA-deficient 
background. However, when 35S-GLI and 35S-R genes are simultaneoulsy expressed in the 
ga/-3 background, trichomes overdeveloped on leaves. In addition, the GLI transcript is not 
detectable in the gal-3 background and the expression ofthe GUS reporter gene under control 
ofthe promoter/enhancer of GLI is positively regulated by GA. Using various transgenic lines 
ofwild type or GA-deficient backgrounds (gal-3) we were able to demonstrate that GLJ gene 
is transcriptionnaly activated by GA (3), and that constitutive expression of both GLJ and 
TTG is sufficient to restore trichome formation when GA is missing. 

We are currently anempting to dissect the GA signal-transduction pathway leading to 
the activation of GLJ. To identify putative trans-acting factors from Arabidopsis able to 
control GL/ gene expression we performed a one-hybrid screen in Yeast. We have identified a 
protein of 35kDa (p35) that binds to the 3 'enhancer of GLI fused to Gal4 activation doma in, 
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both in vivo (Yeast) and in vitro. The p35 protein of unknown function displays two NLS 

sequences and a putative Leucine zipper domain suggesting that this protein is a transcription 
factor. 

At least five genes are involved in the negative control of endoreduplications in 

trichomes. 
Because spy-5 mutants produce overbranched trichomes with an additional 

endoreplication round (64C, as estimated by DAPI-stained image analysis), we focused our 

efforts on various Arabidopsis genotypes showing a similar phenotype. Tetraploid lines 

develop trichomes with 4 to 5 branches and 64C DNA content. However, tetraploidy does not 
affect the number of endoreduplication row1ds within trichomes, which reaches four as in the 
wild-type. 

We next looked for diploid EMS-mutants and isolated 6 new lines whose trichome 

cells had additional branches and a DNA content of at least 64C, demonstrating that they 

underwent a fifth endoreplication round in trichomes (JO). These mutants represent three loci 
which were mapped using SSLP markers, and named : POLYCHOME (PYM), KAKTUS 
(KAK, 4 alleles), RASTAFARI (RFI) . Endoploidy is not affected in interna! leaf cells of the 
mutants indicating that the genes involved in negative regulation of endoreduplication are 

specific to trichome or epidermal cells. In addition to SPINDLY mentioned above, one other 
gene, TRIPTYCHON, described earlier (4), is also affected in lateral inhibition of trichome 

formation. Genetic analysis of various double mutants revealed additive effects of sorne 

mutations caracterized by a high trichome branch number ranging from 7 to 12, and a DNA of 
128C or higher. lnterestingly, strong additive effects are observed in spy try double mutants 
but not in spy kak, spy pym nor spy rfi suggesting that at least two different pathways control 
trichome development and endoreduplications, one being dependant on GA signaling. We 

have performed a screen for T-ONA insertion mutants affected in trichome development in 
order to clone the possible negative regulators oftrichome endoreduplication. 
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Patterns of acidification, gene expression and aleurone cell death are 
coordinated by gibberellic acid in germinating wheat grains 

Fernando Domínguez and Francisco J. Cejudo 
Instituto de Bioquímica Vegetal y Fotosíntesis, Universidad de Sevilla-CSIC 
Avda Américo Vespucio sin, 41092-Sevi//a, Spain 

Cereal aleurone responses to gibberellic acid include activation of synthesis of 

hydrolytic enzymes, acidification of the externa! medium and cell death. We have 

studied the coordination of these aleurone responses in vivo during wheat grain 

germination. Oe-embryonated half grains show the capacity for GA,-activated 

medium acidification when incubation is carried out at pH 6.0-7.0 but not at lower 

pHs. In addition, the activating effect of GA3 on the expression of 

carboxypeptidase 111 and thiol protease genes is more efficient when the 

hormone treatment is carried out at neutral pH . In situ pH staining showed that 

starchy endosperm acidification takes place upon imbibition and advances from 

the embryo to the distal part of the grain. In situ hybridization experiments show a 

similar pattern of expression of a carboxypeptidase 111 gene, which is upregulated 

by gibberellic acid in aleurone cells. However, aleurone gene expression 

precedes starchy endosperm acidification . These findings imply that in vivo 

gibberellin perception by the aleurone layer takes place at neutral pH .and 

suggest that the acidification of the starchy endosperm is regulated by gibberellic 

acid in germinated wheat grains. Aleurone DNA fragmentation increased as 

germination proceeded, the activating effect of GA, on DNA fragmentation was 

also pH-dependent The TUNEL assay shows that cell death is started in cells 

proximal to the embryo and advances to the distal part of the grain but it is 

delayed with respect to carboxypeptidase 111 expression and starchy endosperm 

acidification . 
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The dioxygcnascs of gibbercllin biosynthcsis and thcir rcgulation 

P. Hedden, J.P. Coles, S .G. TI10mas, D.A. Ward and A.L. Phillips 

IACR-Long Ashton Research Station, Dcpartmcnl of Agricultura! Scienccs, University of 
Bristol, Long Ashton, Bristol BS41 9AF, UK 

(E-mail: Pcter.Hedden@bbsrc.ac.uk) 

Biosynthesis of gibbcrellins (GAs) in higher plants requires the action of diterpene cyclases, 
cytochrome P-450 monooxygenases and 2-<>xoglutarate-<iependent dio:>.-ygenases (Hedden and 
Kamiya, 1997). Three majar types of dioxygenase are involved in the synthesis and 
deactivation ofthe gra\\1h active GAs, GA, and GA.: GA 20-<>xidases (GA20ox) sequentially 
oxidise C-20 from a methyl to an aldehyde, and then eliminale this atom in the forrnation of 
the C1.,-GA skeleton; GA 3P-hydroxylases (GA3ox) catalyse the final step in the forrnation of 
the biologically active hormones, while GA 2-oxidases (GA2ox) introduce a 2P-hydroxyl 
group into C19-GAs rendering them biologically inactive. The GA 2-oxidases ha ve also the 
capacity to convert 2P-hydroxyGAs lo the 2-ketones, which give rise, by rearrangement, to 
the so-ca lled 'GA catabolites' (TI10mas el al. , 1999). This multifunctionality is a 
characteristic of many of the oxyg~nases of GA biosynthesis (Hedden, 1997) and, coupled 
with broad substrate spec ificities, resu lts in the large range of different GAs found in many 
plants. 

The GA dioxygenases play importan! roles in the regulation ofGA concentration. 
They are encoded by multi-gene families, members ofwhich showdifferential panems of 
expression. Arabidopsis contains at least four GA20ox genes; curren! evidence from 
transcript di stribution for three ofthese genes (Phillips el al., 1995) and from specific 
suppression of their expression by the introduction of antisense DNA (Coles el al., 1999), 
suggests they may be in volved in early seedling development (GA20ox3), and in the gra\\1h 
of shoots (GA20oxl) and the inflorescence (GA20ox2) , respective! y. More detailed analysis 
of si tes of expression of these and other GA dioxygenase genes is currently being conducted 
using reponer genes and in sil u hybridisation. Arabidopsis contains at least two GA3ox 
(Yamaguch.i el al. , 1998) and three GA2ox genes (Titomas et al., 1999). In contras! to the 
GA20ox genes, t\vo ofthe GA2ox genes were found to have similar pattenlS of expression at 
the tissue leve!. as detennined by Nonhern hybridisation; thc genes are expressed most highly 
in actively gra\\ing ti ssues: upper stems, tlowers and young si ligues (Thomas et al., 1999). 
However, t\vo GA2ox genes are differcntially expressed in pea , with one (PsGA2oxl) 
expresscd most h.igh.ly in developing seed. panicularly in thc testa (Lestcr el al., 1999; Ma11in 
el al., 1999), anda second (PsGA]ox2) expressed more h.ighly in the shoot (Lester et al. , 
1999). 

As well as the devel<>pmcntal regulation discussed above, dioxygenase gene 
<>-prcssion is controlkd b) thc a.:t1011 of vAs in a homeostatic mechanism. Exprcssion of 
GA20ox and sorne GA 3ox genes is reduccd by GA, "ilereas, in Arabidopsis, exprcssion of 
GA2ox genes is up-regulated by GA treatment (Thomas el al., 1999). For cxamplc, 
application of 1 O ¡¡M GA3 to \\ild-type (Columbia) Arabidopsis seedlings resulted in a 3-fold 
decrease in GA20ox/transcript numbers, as detemlÍned by quantitativc RT-PCR, \\itereas 
secdlings treated with the GA-biosynthesis inhibitor paclobutraz.ol ( 1 O ¡¡M) contained 3-fold 
highcr amounts oftranscriptthan the untreated controls. We are currently using transgenic 
plants contain.ing a range of repon er genes to study feedback regulation of GA biosynthcsis 
with the long-tenn aim of clucidating the signalling pathways in volved in th.i s process. 
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Gibbcrcllin biosynthcsis during sccd dcvclopmcnt 

and gcrmination of pumpkin 

Andrea Frisse & Theo Lange 

Botanisches Institut der TU Braunschweig, Mendelssohnstr. 4, 
D-38106 Braunschweig, Germany, Q tlange@tu-bs.de 

Gibberellins (GAs) control many aspects of plant development, including growth of 
seeds and seedlings. The recent cloning of GA biosynthetic genes, together with biochemical 
approaches ha ve provided tools for investigating the site ofGA-biosynthesis in plants (1-3). 

We have isolated cDNAs encoding four GA-dioxygenases from developing pumpkin 
seeds, a GA 7-oxidase, 20-oxidase, 213,313-hydroxylase, and, recently, a 313-hydroxylase. Each 
of the four recombinant enzymes has unique catalytic properties, which ha ve not been found 
with corresponding enzymes from other plant species. E. g. both pumpkin 313-hydroxylases 
hydroxylate C2o-GAs (e.g. GAts or GA2s) at least as efficient than C19-GAs (e.g. GA9), while 
3fJ-hydroxylases from other plant species prefer CwGAs as a substrate. 

The four GA-dioxygenase genes are expressed at very high levels in developing 
pumpkin seeds as shown by quantitative RT-PCR. Gibberellin 7-oxidase and 20-oxidase are 
strongly expressed in both, endosperm and embryos. However 2fJ,JfJ-hydroxylase is 
exclusively expressed in endosperm and 3fJ-hydoxylase is only expressed in embryos. 
Recently, we ha ve studied these expression pattem in more detail by in si tu hybridisation. 
To study the si te of GA-biosynthesis, we ha ve looked for expression pattern of the four GA­
dioxygenase genes in 5-d to 7-d old pumpkin seedlings. Only GA 7-oxidase transcripts were 
detected at considerable levels in the seedling by quantitative RT-PCR and were found mainly 
in the tip of the shoot and the tip of the root. Correspondingly, in cell-free systems prepared 
from such seedlings we found 7-oxidase enzyme activity mainl y in the tip of the shoot and in 
the tip of the root. However, we al so detected considerable 20-oxidase and 313-hydroxylase 
act ivity in the tip ofthe root, but not in other parts ofthe seedling. These results suggest, that, 
in pumpkin seedlings, the root tip is the si te of GA-biosynthesis. Furthermore, GA 20-oxidases 
a·nd 3fJ-hydroxylases expressed in vegetative ti ssues are distinct from those expressed in 
developing seeds. Compared with the two 313-hydroxylases from developing pumpkin secds, 
the 3fJ-hydroxylase expressed in root tips has diffcrent catalytic propertics: Only CwGA9 , but 
not C2o-GA 1s was metabolised . 

There have been many Teports that abundance of GA-dioxygenase transcripts is 
regu lated by GA-levels (3). In our studies we analysed GA-dioxygcnase activities directly in 
ccll-free systems prepared of different parts of pumpkin seedlings treatcd with LAB 150978, an 
inhibitor of GA-biosynthesis, and bioactive GA3 and GA, . In cell-free systems prepared from 
root tips GA 7-oxidase activity did not alter after treatment. However, in shoot tips 7-oxidase 
activity increased after LAB 150978 treatment and decreased after GA3 or GA, treatmcnt. GA 
20-oxidase activity was not affected by any of these treatments. However, GA 313-hydroxylase 
activity was strongly enhanced in root tips after LAB 150978 treatment, but was not detectable 
in secdlings treated with GA3 or GA, Our rcsu lts suggcst a fcedback-typc of rcgulation of GA­
biosynthcsis in pumpkin seedlings, co ntrolling the early 7-oxidation stcp in the shoot tip . and , 
more directly, the GA hormonc activating 3-hydroxylation step in thc root tip . 
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Rcgulation of GA biosynthcsis by phytochromcs 

Yuji Kamiva1
, Shinjiro Yamaguchi3

, Tomonobu Toyomasu2
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, Francis 
Chanon1

, Tai-Ping Sun3 

1Plant Functions Laboratory, RlKEN, 2Yamagata University, 3DCMB Group, Dept. Botany, 
Duke University 

Pftytocltrome regulatiou of GA biosyutltesis duriug seed germiuatiou . 

Seed germination is coinplex and is regulated by many factors such as nutrients, 
temperature, water and light. The endogenous content of GA¡, the main biologically active 
GA in lettuce seeds, increases after red light (R) treatment. GA 1 is synthesized from GA 53 by 
two different 2-oxoglutarate dependen! enzyn1es, GA 20-oxidase and GA 3¡3-hydroxylase. 
Lettuce seeds contain high levels of GA20 (about one hundred times higher than GA 1) . Two 
GA 20-oxidase genes (Ls20oxl and Ls20ox2) and one GA 3¡3-hydroxylase (Ls3hl) are 
expressed in gem1inating seeds. The expression of Ls3h1 is induced by R treatment and this 
effect is canceled by far-red light (FR) treatment. Expression of Ls20oxl and Ls20ox2 is 
induced by imbibition alone in the dark. The leve! of Ls20ox2 mRNA decreases with R 
treatment, whereas that of Ls20ox 1 is unaffected by light. ll1ese results suggest that R 
promote GA 1 s~nthesis by inducing Ls3h1 expression via phy action. It is well known tPat 
GA 20-oxidation 1 accumulation of GA 20-oxidase mRNA is negatively feedback regulated 
by active GAs. Therefore, the down-regulation of Ls20ox2 expression could be the result of 
the increased GA. 1 content in germinating seeds. Interestingly, although the exogenous 
application of high Ievels of GA 1 decreases the expression of Ls3h1, this gene was not 
affected by the increase of endogenous GA 1• Thus, there may be sorne mechanism to suppress 
the feedback regulation of Ls3hl during seed germination of lettuce. 

Arabidopsis ga4-1 is a GA deficient semi-dwarf mutan t. The GA4 gene was cloned by 
T-ONA tagging and it was shown to encode a GA 3¡3-hydroxylase. Severe alleles ofthe GA­
deficient mutants ga 1, ga2 and ga3 fa il to germinate without exogenous application of GAs, 
whereas even the putative null allele, ga4-2, can germinate without GAs, suggesting the 
presence of another GA 3¡3-hydroxylase in germinating seeds. Recently, a GA4 homolog 
(GA4H) was isolated and shown to encode a GA 3¡3-hydroxylase. The GA4H gene was 
predominantly expressed during seed germination. Both GA4 and GA4H genes in imbibed 
seeds are induced by R treatment. At least five loci in Arabidopsis encode phys. Among 
these, PHYB en.:odes the phyB, which plays a major role in germinating seeds shortly after 
the start ofimbibition, and it was suggested that absolute concentration ofFR-absorbing form 
ofphy is importan!. In the phyB-deficientphyB-1 mutant, GA4H expression is not induced by 
R, although GA.; expression still is, indicating that the R-induced GA4 and GA4H expression 
is mediated by one or more other phys. In contras! to the GA4 and the Ls3hl genes, GA4H is 
not regulated by a feedback inhibition mechanism in gemünating seeds (Note: Ls3hl gene is 
down regulated by applied GA 1 but not by the elevated endogenous GA 1 leve! after R). 
Although the endogenous GA levels of germinat ing ga4 and wild-type (WT) seeds have not 
yet been analyzed, R treatment is expected to increase the leve! of biologically active GAs. 
ll1e f:\vo GA 3¡3-hydroxylases of Arabidopsis therefore seem to play different physiological 
roles during li ght-induction of seed germination . 
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Phytochrome regulation ofGA biosyntltesis during seedling growth 

Light inhibits stem elongation during photomorphogenesis, and the role that GAs 
(change of GA sensitivity and/or metabolism) play in that process has been the subject of 
long controversy. Recently, work from two independent laboratories has shown a rapid 
(within 2 h) and reversible decrease of GA 1 content (down to trace leve!) in the apical shoot 
of etiolated pea seedlings upon light irradiation. The light, however, increases the transcript 
levels coding for GA 20-oxidase and GA 3f3-hydroxylase in the apical shoot, indicating that 
they do not contribute to the decrease ofGA 1 content induced by light. Work with phyA- and 
phyB-deficient pea mutants showed that both phyA and phyB regulate the expression of GA 
20-oxidase. The increase in the transcript accumulation is probably the result of feedback 
inhibition dueto the reduction ofthe GA 1 leve! because it does not occur when the seedlings 
are treated with GA 1 before irradiation. The concentration of GA8, the inactive product of 

GA 1 metabolism, increases transiently in irradiated seedlings, suggesting that GA 2f3-
hydroxylation may be regulated during de-etiolation. The recent isolation of clones coding for 
2f3-hydroxylases of Phaseolus coccineus and Arabidopsis should help to clarify this issue. 

Treatment with end-of-day (EOD)-FR irradiation enhances stem elongation, and in 

cowpea also decreases the ¡lH]GA1 inactivation and increases the GA1 content in the 
elongating region of the epicotyl, but not in the leaves, an effect that can be reverted by 
subsequent R. This suggests that phy may control stem elongation by regulating GA 2f3-
hydroxylation in light-gro"''ll seedlings. Work with the Arabidopsis gal phyB double mutan! 
has sh0\\'11 that the full phyB mutant phenotype is expressed only in the presence of a 
completely functional GA system. However, the role of phy in the regulation of GA 
biosynthesis in light-gro"''ll plants is not clear. The overexpression of oat P HY A in tobacco 
and hybrid aspen decreases the content of active GAs and results in a short phenotype, that 
can be reversed by GA application. However, the phyB mutants of pea (lv), cucumber (lh) and 
Arabidopsis, that have an elongated phenotype, show no consisten! differences in GA content 
compared to \VT. Though sorne ofthese apparently contradictory results could be explained 
by inappropriate plant materials used for GA measurement, it seems clear that phy regulates 
both GA biOS)'Ilthesis and GA signaling 

Refereoces: 

1 ). Hedden, P. , Karniya, Y. Gibberellin biosynthesis : enzymes, genes and their regulation. ( 1997) Ann. Rev. 
Plant Physiol. Plant Mol. Biol., 48 : 431-460. 

2). Yarnaguchi, S. , Smith, M. \V. , Brown, R.G.S., Kamiya, Y., S un, T -p. Phytochrome regulation and differential 
e>-')lression of gibberellin 3fl-hydrox-ylase genes in gcrrninating Arabidopsis sccds. (1998) Plant Cell, 10: 2115-
2126. 

3). Toyomasu, T., Kawaidc, H., Mitsuhasi, \V., 1nouc, Y., Kantiya, Y. Phytochrome regulatcs the gibberellin 
biosynthesis dwing the gennination ofphotoblastic lcrrucc (cv. Grand Rapids) seeds. (1998) Plant Physiol. , 11 8: 
1517- 1524. 

4). Ait-Aii, T. , Frances, S., Reid, J. , Kendrick, R.E., Kamiya, Y. Characterization oflight-rcgulatcd cxpression of 
a GA 20-oxidasc ofpea. (1999) Plant Physiol. , 121 : 78 3-791. 

5). Kamiya, Y., Garcia-Maninez. J. L. (1999) Regu lation ofgi bberellin biosynthcsis by light. Current Opinion in 
Plant Biology. 2: 398-403. 

Instituto Juan March (Madrid)



28 

Photoperiodic regulation of gibberellin biosynthesis in 
long-day rosette plants 

Jan A.D. Zeevaart, Dong J. Lee, and Yun-Ling Xu 

MSU-DOE Plant Research Laboratory, Michigan State University, East Lansing, MI 48824-
1312, USA. E-mail: zeevaart@msu.edu 

Long-day (LD) rosette plants grow as rosettes and remain vegetative under short-day 
(SD) conditions, whereas under LD both stem growth and flower formation take place. There 
is extensive evidence that stem growth in rosette plants is mediated by gibberellins (GAs). 
The objective of our work is to determine which step(s) in the GA biosynthetic pathway is 
(are) Iimiting for production of bioactive GAs under SD, and how LD stimulates GA 
production. We are using two qual itative LD rosette species, spinach (Spinacia oleracea) and 
Nicotiana sylvestris (Ns.) to address these questions. The former is useful for preparation of 
cell-free extracts that can metabolize GAs (Gilmour et aL, 1986), whereas Agrobacterium­
mediated transfonnation can be readily achieved in the latter species. 

The major GAs of spinach belong to the early- 1 3-hydroxylation pathway: GA53, G~. 
GAt9. GAt 7. GA2o, GA t. GA29, and GAs (Talon et aL, 1991). Previous work has shown that of 
these GAs, only GA1 is active per se (Zeevaart et aL, 1993). Transfer of plants from SD to LD 
causes an increase in all GAs of the 13-hydroxylation pathway, with GA2o. GAt. and GA8 
showing the largest increases. A GA 20-oxidase has been cloned from spinach (Wu et aL, 1 996) 
whose expression is upregulated in various organs of plants moved from SD to LD, but 
especially in young Ieaves and shoot tips. This high leve! of GA 20-oxidase transcripts is 
correlated with a high GA2o content. 

In addition to the 13-hydroxylation pathway, spinach is also a rich source of 2j3-
hydroxy-GA5,, now called GA97. Smaller amounts of 2j3-hydroxy-G~ 4 (=GA98) and 2j3-
hydroxy-GA19 (=GA99) are also found in spinach (Mander et aL, 1996). At Ieast in spinach, 
GA 53 is atan imponant brancl1 point : under LD conditions it is mainly converted via the 13-
hydroxylation pathway to GA2o. whereas in SD it is preferentially converted to GA97. 

To demonstrate that GA 20-oxidase is limiting for GA production w1der SD, a GA 20-
oxidase (GA5=AtGA20oxl) from Arabidopsis under control of the CaMV 35S promoter was 
introduced into Ns. \Vhen grown under SO conditions, the transgenic plants overexpressing 
GA5 hada phenotype similar to that ofplants grov-'11 in LD, or ofplants in SD treated with GA. 
1l1e GA 20-oxidase from Arabidopsis encoded by the GA5 gene has preference for the non-13-
hydroxylated substrate GA 12 (Phillips et aL, 1995). Thus, the possibility was explored that in 
transgenic Ns/GA5 plants GA 12 is preferentially converted via the non-13-hydroxylation 
pathway. 1l1e levels of members of the 13-hydroxylation pathway were lower in transgenic 
plants than in comparable Ns plants. lllis was especially striking for the C20-GAs, GA 53, GA. •. 
and GA19. Ns. plants accumulated relatively small amounts of GA9 and GA4, but much larger 
amounts of these GAs were present in the transgenic plants. In the case of G~. there was a 10-
fold increase. Thus, in transgenic plants overexpressing GA5, the precursor GA 12 is at an 
imponant branch point, being the substrate for both GA 13-oxidase (GA12~GA 53 ) and GA 20-
oxidase (GA 12 ~GA 1 5 ) . In Ns. plants the fonner conversion predominates, because 13-
hydroxylated GAs are present in much larger quantities than non-13-hydroxylated GAs. But in 
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the transgenic plants an abundance of GA 20-oxidase (constitutively expressed GA5) converts 

the bulk of GA12 to GA1s, which is then further converted to GA9 and bioactive G~ . When 
applied to Ns. plants, G~ has about the same activity as GA1 in causing stem elongation and 
flower formation under SD conditions. Thus, we conclude that the much lúgher level of G~ in 
transgenic plants causes the long-da y phenotype under SD conditions. 

The GA4 (=AtGA3oxl) gene from Arabidopsis encoding 3J3.-hydroxylase has also been 
introduced into Ns. under control of the 35S promoter, but - unlike plants overexpressing 20-

oxidase- the transgenic plants have no obvious phenotype. This indicates that the GA 2 0 ~GA 1 
conversion is not limiting GA production. However, transgenic plants expressing both the GA4 

and GA5 genes show much more stem elongation under SD conditions than plants expressing 

GA5 alone. Tilis suggests that when more GA9 is available due to overexpression of GA 20-

oxidase, this GA9 is rapidly converted to G~ by ectopically expressed GA 3J3.-hydroxylase. 
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Molecular genetics of gibberellin biosynthesis in Gibberellafujikuroi 

Bettina Tudzynski 

Westfálische Wilhelms-Universitat Münster, Institut fur Botanik 
Schlossgarten 3, 48149 Münster, Germany 

Gibberella jujikuroi produces large amounts of gibberellins under conditions of 
nitrogen limitation. In arder to isolate genes of the gibberellin pathway, a differential 
screening of a cONA library was performed. One of the isolated clones contained the 
conserved heme-binding motif of cytochrome P450 monooxygenases (FXXGXXXCXG). By 
sequencing the corresponding hybridizing 6.7 kb genomic Sal/ frag ment, a second 
cytochrome P450 monooxygenase gene was found to be closely linked to the fii-st one. Gene 
replacement experiments clearly demonstrated that both genes are involved in gibberellin 
biosynthesis. Since at least four cytochrome P450 monooxygenase-catalyzed steps were 
expected to participate in the synthesis of gibberellins, chromosome walking was perfomed to 
find further genes of this family or other genes involved in the g ibberellin pathway. Ncxt to 
the two P450 monooxygenasc genes (P450-l, P450-2), a putative gcranylgerany l diphosphate 
synthase gene (ggs-2), the copalyl diphosphate/kaurene synthase gene (cp.1/ks), which was 
cloned by PCR befare (Tudzynski et al. 1998), and two funher P450 monooxygenase genes 
(?450-3, ?450-4) were identified . Transcription of the 6 genes is co-regulated Only recently 
a seventh gene which is highly expressed under GA producing condit ions was found on the 
left si de of the gene ?450-4. These results suggest that at least most of the genes involved in 
the biosynthesis of gibberellins are closely linked and organized in a gene cluster· in C. 
jujif.mroi (Tudzynski and Holter 1998). The function of severa! genes of thi s cluster was 
identified by gene replacement and following GC-MS and HPLC analysis of the mutant s 
combined with feeding experiments. Another approach to find out the specifi c function of the 
genes is their expression in C. fujikuroi GA-defective mutants which totally lost th ~ GA gene 
cluster and having large deletions on chromosome 4 (Linnemann stons et al 1999) . By thi s 
procedure we, in collaboration with Peter Hedden (LAS, UK) and Cecilia Rojas (Chi le), have 
already identifi ed the multifunctional character of ?450-1. · 

Furthcnnorc, because of ammonium and glucose regulation of the gibberellin 
pathway, oreA, mnr and creA genes coding for general transcription regulators were cloned 
from the fungus. Gene replacement of oreA led to a significan! reduction of g ibberellin 
formation . Complementation ofthe areA-defected mutan! with the wi ld-type copy ofthis gene 
completely restored the ability to produce gibberellins suggesting a direct transcriptional 
control of the pathway by the positive acting regulatory protein AREA (Tudzynski el al 
1999). 
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Gibberellins and G protein signalling in aleurone and Arabúiopsis 

Richard HOOLEY, Alison LOVEGROVE, Huw D JONES, Sally J SMITH, Jane 
NOLAN, Daniel COUCH and Konstantin KANYUKA 

IACR-Long Ashton Research Station, Department of Agricultura! Sciences, 
University ofBristol, Long Ashton, Bristol, BS4! 9AF, UK 

The mechanism of action of gibberellin (GA) has been studied by cell and 
molecular biology in aleurone and by molecular genetics in Arabidopsis. In aleurone 
there is good evidence that GAs are perceived by a receptor at the plasma membrane. 
Two plasma membrane GA-binding proteins have been identified by photoaffinity 
Iabelling in aleurone and Arabidopsis and these may form part of a GA receptor 
complex 1• The mastoparan analogue Mas7 stimulates GDP/GTP exchange by 
heterotrimeric G proteins thus mimicing activated G protein coupled receptors 
(GPCRs). When wild oat aleurone protoplasts are incubated with Mas7 they produced 
and secreted a -amylase in a dose-dependent manner and an identical time course to 
GA. l11e effect is largely overcome by ABA. This raises the possibility that Mas7 
activates a heterotrimeric G protein in the GA signalling pathway. Further evidence 
supporting this has come from studying the effects of hydrolysis-resistant guanine 
nucleotides on GA-induction of a-Amy2/54:GUS expression. The hydrolysis-resistant 
GTP-y-S and GDP-¡3-S bind to Ga subunits and hold them in either the activated 
(GTP-y-S-bound) or inactivated (GDP-¡3-S-bound) form . GDP-¡3-S prevented GA 
induction of a-Amy2/54:GUS expression, whereas GTP-y-S stimulated expression 
slightly. Taken together these data suggest that a heterotrimeric G protein or proteins 
are involved at an early stage of the GA signalling pathway in aleurone. It predicts 
that aleurone cells should contain G protein subunits and this has been confinned by 
PCR and Northem analysis for a partía! Ga subunit cONA and two related Gp 
cDNAs2 

Embryo-lcss half sccd of thc Dwarf 1 mut:mt of rice produce very Iittle a ­
amylase when treated with GA, and Dwarf 1 seedlings elongate only slightly in 
response to GA3

. Taken together these observations are consistent with Dwarf 1 being 
a GA sensitivity mutane, although we await measurement ofthe endogenous GAs in 
Dwarf 1 to see if they are elevated, as would be expected for a GA sensitivity mutan t. 
Mutations giving rise to Dwarf 1 are now know to be in the Ga subunit GPAI 4

·
5

. 

Because these clearly affect GA sensitivity of rice aleurone these observations add 
further support to the theory that a G protein is in volved in GA signalling in aleurone. 

In Arabidopsis a putative GPCR (GCRI) has been identified that may signa! 
through a heterotrimeric G protein. Current evidence supports a role for this receptor 
in cytokinin signa! transduction6

. The presentation will consider the role of 
heterotrimeric G proteins and GPCRs in GA signa! transduction. 
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GiiJIJerellin controls processes late in petunia flower development 

David Weiss 

Department ofHorticultural, Faculty of Agriculture, Food and Environmental Quality Sciences, 
The Hebrew University of Jerusalem, P.O. Box 12, Rehovot 76100, Israel 

The process of petal growth and tlower opening can be divided into two phases: a first. 
slow growth rate phase and a second. rapid growth phase. The early slow growth is caused 
mainly by cell divisions while the later rapid growth is caused only by cell expansion. In most 
flowers, the rapid growth of the petals coincides with pigment accumulation. We found that the 
transition of Petunia hybrida tlower buds from the phase of cell division to the second phase of 
their development is controlled by gibberllin (GA). GA promotes cell expansion and is essential 
for anthocyanin accumulation in attached and detached corolla ( 1 ). Our results indicate that GAs 
are produced in the developing young anthers, then transponed to th e corollas to induce growth 
and pigmentation (3). GA is also required for normal anther development : inhibition of GA 
biosynthesi s blocks anther development following microsporogenesis. The effect of GA on 
corolla and anther development resu lt s from the activation of various genes including those from 
the anthocyanin biosynthetic pathway (2,4) . Our results suggest that GA controls master 
transcription regulators acting up-stream of the spccific regulators of the anthocyanin pathways 
and other pathways involved in cell expansion . The activation of thesc pathways is required to 
complete the entire process of flower growth and opening The early events in GA-signal 
transduction werc studied and the results indicate that calcium. ca lmodulin and protcin 
dephosphorylation are required for GA-induced gene cxpression (5) We also cloned the petunia 
homologue of the Arabidopsis GA-signal repressor, .1py and studi ed it s exprcssion in co rollas 
and anthers . Overexpression of SPY in transgeni c petunia had no effect on flo wer development . 
and cu rrentl y we are testing the efTect ofits suppression in anti sense-transformed plant s. 
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Gene expression during fruit-set induced by gibberellins 

Juan Carbonell, Manuel Cercós, Miguel A. Pérez-Amador, María Jesús Marcote, 
Cristina Urbez, David Alabadí, Xavi Cubells, Cristina Martí, Antonio Granell 

Instituto de Biología Molecular y Celular de Plantas, Universidad Politécnica de Valencia­
Consejo Superior de Investigaciones Científicas, Valencia, Spain 

Changes in gene expression have been analyzed during fruit set and early development 
induced by gibberellins in unpollinated ovaries of pea and !ornato. In pea, treatment of the 
ovaries with gibberellic acid by two days after anthesis inhibits a senescence process and 
induces a rapid growth which is characterized by enlargement of the mesocarp and 
differentiation of the endocarp cells. In contras!, early fruit development in tomato is 
associated to cell division followed by cell enlargement. Our study on changes in gene 
expression induced by gibberellic acid has been directed to examination of genes in volved in 
proteolysis, polyamine biosynthesis, and signa! transduction pathways. Also analysis of gene 
expression by mRNA differential display was used to search for new GA-regulated genes. 

Expression of several genes encoding cysteine proteases was found to increase during 
senescence of unpollinated pea ovaries (1, 6) which is in agreement with an active role of 
proteolysis in tissue degradation. Accordingly, the expression of these genes was prevented by 
gibberellic acid indicating that gibberellins may have a key role on the fate of the ovary. On 
the other hand, analysis by mRNA differential display in pea ovaries, treated or not with 
gibberellic acid, has shown changes in the expression of several genes. Identification and 
isolation of a serine carboxypeptidase that is induced associated to early stages of fruit 
development indicates that proteolysis has a role not only in ovary senescence but in early 
fruit development. 

Changes in polyamine content have been correlated to events occurring during late 
ovary/early fruit development both in pea and tomato (3). We have found that the expression 
o(genes coding for polyamine biosynthesis enzymes were transiently induced by treatment 
with gibberellic acid at early stages of fruit development (2, 4, 5). Results from polyamine 
biosynthesis and arginase activity suggest a redirection of nitrogen metabolism in early stages 
of fruit development. 

Cloning ofMAP kinases from pea ovaries resulted in the identification of PsMAPK3 , 
whose expression was rapid and transiently induced by gibberellic acid and benzyladenine, 
but not by 2,4-D, that also induces fruit set. However, expression of other MAP kinase genes 
did not follow the same expression pattern. These results suggest that a variety of signaling 
pathways is active on fruit set and that sorne of them are controlled by gibberellins. 

cDNAs homologous of Arabidopsis SPY and GAI have been isolated from pea and 
tomato. Transformation oftomato with Atgai under the control of2x35S is beeing analyzed. 
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GAMYB and SLENDER: roles in GA-regulated gene expression in barley 
aleurone cells 

Frank GUBLER1
, Peter CHANDLER1

, Annie MARION-POLL u, Jake JACOBSEN 1 

1CSIRO Plant Industry, GPO Boxl600, Canberra 2602, AUSTRALIA, 2 INRA, 
78026 Versailles cedex, FRANCE 

Considerable progress has been made in determining the molecular mechanisms of 
gibberellin (GA) action involved in transcriptional control of hydrolytic enzyme gene 
expression in aleurone cells. We have focussed on identifying signa! transduction 
components and transcription factors mediating GA-control of a-amylase gene expression. 
We have previously reported on the isolation and characterisation of a GA-regulated MYB 
transcription factor, GAMYB that binds specifically to a GA response element, the 
TAACAAA box, in an a-amylase gene promoter. We have shown in transient expression 
experiments that GAMYB is a transcriptional activator of a-amylase gene expression. Recent 
evidence indicates that it also activates the expression of a number of other GA-regulated 
genes in aleurone ce lis ( 1 ). 

Studies are underway to determine the mechanisms for GA regulation of GAMYB 
expression and function. Nuclear run-on transcription experiments show the GA-induced rise 
in GAMYB mRNA and protein is due in part to an increase in the rate of GAMYB 
transcription. The GAMYB gene promoter has been isolated and fused to the GUS reporter 
gene as transcriptional and translational fusions to analyse control of GAMYB gene 
expression. Little difference was observed in the response of both constructs to GA compared 
with constitutive promoters indicating that cis-acting elements conferring GA-responsiveness 
are absent in the 6.4 kb genomic fragment. The cis-acting elements remain to be identified. 
Current investigations are also aimed at clarifying whether GA regulates GAMYB protein 
function. The presence of GAMYB protein and the absence of a-amylase expression in non­
GA-treated aleurone cells support the idea that GA may regulate GAMYB function . 

In addition to GAMYB, we ha ve al so investigated the role of SLENDER (SLN 1) in 
GA-signaling in barley aleurone cells. Analysis of barley slender 1 (slnl) mutants indica tes 
that SLN1 functions as a negative regulator of GA signa! transduction in both aleurone cells 
and vegetative tissues. We have cloned the SLN1 gene in barley and shown that it belongs to 
a farnily that includes GAI, RGA and RHT in Arabidopsis and wheat. To understand how 
SLN 1 is acting as a negative regulator we are curren ti y examining the expression of SLNl in 
aleurone cells in response toGA. We are also investigating the expression of GAMYB in a 
dominant dwarf slnl mutant that shows reduced responsiveness to GA in aleurone cells and 
expanding leaf tissues to determine whether GAMYB expression is regulated by SLN l. This 
mutant contains a mutation in the N-terminal region ofthe protein that presumabiy results in a 
negative regulator whose activity has reduced sensitivity to GA. 

References: 
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Light control of plant development. A functional analysis of the 
Arabidopsis tltaliana ATHl gene 

Marcel Proveniers, Steve Croker, Peter Weisbeek, Peter Hedden and Sjef Smeekens 

In recen! years it has become clear that many of the photomorphogenic responses 
initiated by phytochromes involve changes in metabolism of and/or responsiveness to 
phytohorrnones of the GA class . The molecular details of the interaction between the two 
pathways are not fully understood. In order to identify regulatory intermediates in light signal 
transduction, we have been investigating the role of light-regulated transcription factors in 
photomorphogenesis. Here, we describe a functional analysis of ATH1, a light-regulated 
Arabidopsis thaliana homeobox transcription factor gene (Quardvlieg et al., 1995). The 
ATH 1 gene is highly active in the shoot apical meristem (SAM) and leaf primordia during 
early stages of seedling development. Prior to the switch from vegetative to generative 
development, ATH 1 expression in the SAM is gradually down regulated and a function of 
ATH 1 in floral transition is proposed. This hypothesis was tested by constitutive expression 
of A TH 1 cONA sequences in transgenic Arabidopsis and tobacco plants in either sen se or 
antisense orientation. Arabidopsis plants with deregu lated ATH 1 expression displayed a 
flowering phenotype and were specifically affected in Rc-induced deetiolation and shade 
avoidance responses. In addition to Rc-hypersensitive deetiolation, ectopic expression of 
ATHI in tobacco caused morphogological changes, including (semi)dwarfism dueto reduced 
internode elongation and reduced apical dominance. When grown under LD photoperiods, 
flowering of these plants was delayed by up to ten months. Most aspects of this phenotype 
could be corrected by foliar applications of GA3 . Quantitative analysis of intermediates in the 
GA biosynthetic pathway revealed that in severe phenotype ATH 1 overexpressor plants levels 
of the biologically active gibberellin GA1 were dramatically reduced, due to a metabolic 
block of the conversion of GA 19 to GA20, a step catalyzed by GA 20-oxidases. In addition, a 
di sproportional reduction in GA 1 content indicates that conversion of GA20 to GA 1. 
catalyzed by 3b-hydroxylases, might al so be inhibited . We conclude that ATH 1 represents a 
positive mediator of a phyB-specific signa) transduction cascad e and controls various aspects 
of plant development by regulating the final steps of GA biosynthesis. We, therefore, pro pose 
that ATHI integrales phyB-mediated environmental signals and endogenous growth 
regulators of the gibberellin-class to regulate a number of aspects of plant ~~ r< "'·t h :t!ld 
development. 
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Fusioo geoetic screeos for GA signalliog compooents 

Carsten Meier, Thomas Bouquin, Dora Raventos, Mads Eggert Nielsen, Ole Mattsson and 
John Mundy 

Dept. ofPlant Physiology, Molecular Biology Institute, Copenhagen University, 
Oester Farimagsgade 2A, 1353 Copenhagen K, Denmark tel45 35322131, fax 45 35322128, 

email mundy@biobase.dk 

Most of the Arabidopsis GA-response mutants have been identified in screens for 
vegetative dwarfism, or for altered germination frequency. As an altemative, we used fusion 
genetic screens of gamma-mutagenized, transgenic p1ants expressing the firefly LUC and E. 
coli GUS reporters under control oftwo promoters differentially regu1ated by GA. 

In one screen, the reporters were placed under control of the GA-responsive GASA 1 
promoter. lnitial analyses determined the spatial and temporal pattems of reporter expression, 
and showed that reporter induction by GA was antagonized by ABA. M2 progeny with 
altered reporter activities were identified by LUC bioimaging followed by GUS assays and 
northem hybridization ofthe endogenous GASA! rnRNA. Genetic analysis showed that three 
mutants, which overexpressed both reporters and endogenous GASA 1, were caused by 
recessive (GOE1&2, for QASA Qver-~xpressed) and semidominant (GOE3) mutations at 
different loci. These mutants were altered in their sensitivity to GA and the GA biosynthetic 
inhibitor paclobutrazol, and in the expression of severa! GA signaling related genes. 

In a second screen, the reporters were under control of the GA-repressible, GA5 GA 
20-oxidase promoter. This bioimaging screen allowed the isolation of some 40 !,UC-sgper­
~xpressing (fue) and 40 !,UC-!Qw-~xpressing (/oe)p1ants. A1tered LUC expression was 
confim1ed in progeny, and northem b1ots used to assess alterations in the expression of the 
endogenous GA5 gene. The mutants were a1so found to have a1tered 1eve1s of rnRNAs of 
genes involved in GA biosynthesis and metabolism (GA4 & GA 2-oxidase), of genes 
encoding GA-signalling pathway components (RGA, GAI), and genes known to be GA­
regulatcd (GASA 1, BIB, GLABI). Moreover, sorne mutants displayed GA-related growth 
phenotypes (giant and late flowering, fue 1, fue2 and lue3 ; dwarves, fue4, fue5) which may be 
associated with deficiencies in GA-biosynthesis and metabolism or in GA-perception. 
Backcrosses and progeny analysis indicated that all five ofthe fue mutations were inherited as 
monogenic recessive traits. The lue5 mutation was mapped and will be described. 
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Gibberellin signa( transduction presents ... Tbe spy who 0-GicNAc'd me 

Tina THORNTON, Tong-Seung TSENG, Lynn HARTWECK and Neil OLSZEWSKI 

Dept. ofPlant Biology, University ofMinnesota, S t. Paul, MN 55108-1095, USA 

Manipulation of endogenous gibberellin (GA) level s affects virtua lly every stage of 
plant growth and development. The SPINDLY (SPY) protein is believed to be a negative 
regulator of the GA response pathway. Recessive loss-of-function mutations affecting SPY 
suppress the phenotypes ofGA deficiency. Based on sequence comparisons, SPY is predicted 
to encode an 0-GicNAc transferase (OGT), a cytosolic and nuclear locali zed enzyme that in 
animals transfers single GlcNAc sugars to specific serine and/or threonine residues of target 
proteins. lt has been shown that in animals 0-GicNAc modification can affect the 
localization, stability, phosphorylation status and/or activity of target proteins. Consistent 
with the hypothesis that SPY is an OGT, the pattern of G lcNAc modificatio n is a ltered in .\fJ)' 

mutants. Moreover, SPY produced in insect cell s ha s OGT activity to ward gp40, a tobacco 
nuclear pore protein that is known to be 0-GicNAc modified, and RGA. a componen! of the 
GA signa! transduction pathway. As additiona l components of the GA sig na! transduction 
pathway beco me available, the activity of insect cell expressed SPY toward these proteins is 
being assessed . 

Cell fractionation experiments with cauliflower inflorescence and arabidopsis 
seedlings were performed to determine the subcellular loca li za tio n of SPY. Antisera against 
SPY detects a protein the same size as SPY in both the subcellul ar fract ion enri ched for 
soluble cytosoli c proteins and in the nuclear-enriched fracti on. suggesting that. like a nimal 
OGTs. SPY is present in both the cytosol and the nucl eus. These studi es also found that , 
while SPY is present at very low abundance in a ll ti ssues, it is most abundant in the 
caulitlower intlorescence. Whil e SPY from insect cell s has a mo lecular mass co nsisten! with 
it being a trimer, SPY from caulitlower and arabidopsis has a pred icted mo lecular mass of 850 
kDa suggesting that it is complexed with other pro teins. lnterest ing ly, hig hly purifi ed OGT 
from animal cells is also a trimer, raising the possibility that the studies o f thi s enzy me ha ve 
not characterized the native enzy me. The predicted sizes of the nuclear and cytoso li c SPY 
complexes are similar suggesting that the co mpl exes in these compartme nt s are very s imilar 
or identical. 

Experiments have been initi ated to characterize the activity and protein components of 
the SPY complex. Two-hybrid screens have identifi ed severa! proteins that int eract wi th SPY 
in ycast cells. Experiments to confirm that these proteins interact with S PY in vitro are 
ongoing a nd severa! of the proteins ha ve been shown to interact in vitro . 

Expressed sequence tags for a second possible arabidopsis OGT have been identified . 
Geno mi c clo nes o f the gene for thi s second OGT ha ve been iso lated and sequenced. Lines 
ex pressing anti sense RNA to th is OGT have been generated and two linc with a T-O NA 
insen ed into the gene have been identified . The inser1ion and anti sense lines are being 
characterized for phenotypes associatcd with dc fects in GA sig na l transducti o n as wel l as for 
a lt crat ions inthe pattcrn ofprotcin U-GicNAc modi fi cat ion. 
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Rcfcrcnccs: 
Jacobscn, S.E. and Olszcwski, N.E. (1996) SPINDLY, a tctratricopeplide rcpcal protcin involvcd in gibbcrcllin 

signa! transduclion in Arabidopsis. Proc. NaL Acad. Sci. 93: 9292-9296. 

TI10rnton, T., Krcpcl, L., Hart, G. and Olszcwski, N. (1999) Gcnctic and Biochcmical Analysis of Arabidopsis 
SPY. In "Plan! Bioteclmology and In vitro Biology in thc 21st Ccntury", Altman, A. , Ziv, M .. lzhar. S. cds. , 
Kluwer Acadcmic Publishcrs, Ncw York, pp. 445-448. 

TI10rnton, T. . Swain, S. and Olszcwski, N. (1999) gibbcrellin Signa! Transduction Prcscnts .. . TI1c SPY Who 0 -

GicNAc'd Me. Trcnds in Plan! Scicncc. 4 : 424-428. 
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RGA, a repressor of gibberellin signaling in Arabidopsis 

Aron L. Silverstone2, Alyssa Dilll, Hou-Sung Jung1 and Tai-ping S un 1 

1 Department ofBotany, Duke University, Durham, NC 27708, USA 2Current addresss: Novartis 
Agribusiness Bioteclmology Research, Inc., NC 27709, USA 

The recessive rga mutation is able to partially suppress phenotypic defects of the 
Arabidopsis gibberellin (GA) biosynthetic mutant ga1-3, which include stem elongation, 
flowering time, and leaf abaxial trichome initiation. This indicates that RGA is a negative 
regulator of the GA signa! transduction pathway. The RGA belongs to the GRAS regulatory 
protein family, which includes the radial patteming gene SCARECROW and another GA signa! 
transduction repressor, GA1. The presence of severa! structural features, including 
homopolymeric serine and threonine residues, a nuclear localization signa! and leucine heptad 
repeats, indicates that the RGA protein may be a transcriptional regulator that represses the GA 
response. In support of this, we showed that a green fluorescent protein (GFP)-RGA fusion 
protein is nuclear localized in transgenic Arabidopsis plants, and this fusion protein can 
complement the rga mutation. Confocal microscopy and immunoblot analyses demonstrated that 
exogenous GA treatrnent resulted in a reduced leve! ofthe GFP-RGA protein. This suggests that 
modulating RGA protein leve! by the GA signa! is one of the mechanisms that allows expression 
of genes repressed by RGA. We are now examining the effect of GA on the leve! of the 
endogenous RGA protein using RGA antibody. 

Comparing the GRAS family proteins, we have identified 3 conserved domains (named 
after motifs of highly conserved amino acid residues): the N-terminal DELLA domain, the 
central VIDID domain, and the C-terminal RVER domain. The DELLA domain is unique to 
RGA, GAI and RGL (for RGA-!ike). Peng et al. (1997) found that the semi-dominant gai mutant 
contains a 17-amino acid in-frame deletion within the DELLA domain. They proposed that this 
small deletion tums the gai protein into a constitutively active repressor of GA signaling. 
Because the sequences that are de1eted in gai are identical between GAI and RGA, we tested 
whcthcr an identica1 deletion mutation (rga- O 17) in the RGA gene would ha ve the same effect as 
the gai allele. Our results showed that the rga-017 allele is semi-dominant and causes a GA­
unresponsive dwarf phenotype in transgenic Arabidopsis plants. TI1erefore, the DELLA doma in 
is likely to be important for the inactivation of both RGA and GAI by the GA signa l. 

Refereoces: 
l. Si1verstone, A.L., Mak, P.Y .A., Casamitjana Martínez, E., and Sun, T.-p. (1997). The new RGA 1ocus encodes a 
negative regulator of gibberellin response ín Arabidopsis thaliana. Genetics 146, 1087-1099. 
2. Si1verstone, A. L., Ciampaglio, C. N., and Sun, T.-p. (1 998). The Arabidopsis RGA gene encodes a transcriptiona1 
regu1ator repressing the gibberellin signa1transduction pathway. P/ant Ce// 10, 155- 169. 
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Hormonal regulation of cell death in barley aleurone 

Paul Bethke, Angelika Fath, Jennifer Lonsdale and Russell Jones 

Department ofPiant and Microbial Biology, University ofCalifomia, 
Berkeley, CA 94720-3102. E-mail: rjones@nature.berkeley.edu 

Gibberellic acid (GA) initiates a series of events in the cereal aleurone that culminate 
in death of the cell (Kuo et al. 1996, Bethke et al. 1997). Abscisic acid (ABA) prevents the 
induction of many GA-stimulated responses in the aleurone cell, including changes in 
cytosol ic calcium and calmodulin, the synthesis and secretion of hydrolases, and cell death 
(Bethke et al. 1997). We have undertaken a detailed study of GA-induced cell death in the 
aleurone of barley to establish how these cells die. Do aleurone cells follow the apoptotic 
route of death characterized by condensation of chromatin, the cleavage of DNA into 
internucleosomal fragments differing by ca. 180 bp, and the fragmentation ofthe cytoplasm 
into apoptotic bodies? Our evidence indicates that aleurone cells do not follow the apoptotic 
route of cell death. Electrophoresis of nuclear DNA frorn dying aleurone cells shows that 
internucleosomal cleavage of DNA does not occur in dying aleurone ce lis (Fath et al. 1999). 
Aleurone cells do not form apoptotic bodies when they die. Rather, cells undergo autophagy 
whereby organelles are lost and the volume of the vacuole increases to almost fill the entire 
cell volume. Cell death occurs only when the GA-treated cell has reached the highly 
vacuolated stage. ABA prevents changes in DNA and cell structure, and aleurone cells 
incubated in ABA remain viable for up to 6 months (Bethke et al. 1999). Highly vacuolate 
GA-treated aleurone cells die as a result of the rupture of the plasma membrane. Death is 
dramatically hastened ifGA-treated aleurone cells are exposed to light. ABA-treated cells on 
the other hand are insensitive to light. The action spectrum for cell death shows maxima in the 
blue and tN, typical ofthe absorption spectrum offlavins. Cell death brought about by Iight 
is indistinguishable from death brought about by GA, and it is manifested by changes in 
membrane permeability, rupture of the plasma membrane and loss of turgor. Using 
fluorescent dyes that are sensitive to H202 we have shown that blue and tN light stimulate 
H20 2 production in aleurone cells and the rate at which H202 is produced is higher in GA­
treated than ABA-treated cells. Addition of H202 also dramatically stimulates death of GA­
treated cells. After exposure of GA-treated cells to 1% H20 2 all cells die within 40 min, 
however, ABA treated cells are insensitive to 1% H202. Treatrnent of GA-treated aleurone 
ce lis with antioxidants such as ascorbate or BHT also reduces the rate of cell death, including 
death that is brought about by 1ight. Taken together, these data strongly implicate H20 2 in 
aleurone cell death in GA-treated, but not ABA-treated cells. Catalase and other enzymes 
such as superoxide dismutase (SOD) that catabolize reactive oxygen species (ROS) are key 
enzymes in the response of aleurone cell to GA and ABA. Cells incubated in GA show a 
dramatic reduction in the activities of catalase and SOD, whereas the amounts of these 
enzymes increase in ABA-treated cells. We hypothesize that ABA-treated aleurone cells 
rapidly metabolize ROS, but that GA-treated aleurone cells cannot effectively metabolize 
these molecules. As a result, the amounts of ROS rise in GA-treated aleurone cells bringing 
about the oxidation of membrane lipids leading eventually to rupture of the plasma 
membrane. 

Refcrtnces. 
Bethke, PC, Schuurink, RC and RL Jones. ( 1997) J Exp Bot 48, 1337 
Bethke, PC., Lonsdale lE, Fath, A. & RL Jones. ( 1999) Plan! Cell 11, 1033 
Fath, A. Bethke, PC, & RL Jones. ( 1999) Plant J 10,305 
Kuo, A. Cappelluti , S, Cervantes-Cervantes, M. Rodriguez M and DS Bush. (1 996) Plan! Cell8 , 259 
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The expression pattern of the SHI gene is consistent with a role of SHI in the GA 

signa! transduction pathway 

Ingela Fridborg, Thomas Moritz and Eva Sundberg 

Dept ofPhysiological Botany, Uppsala University, Villav. 6, S-752 36 Uppsala, Sweden 

shi (short fntem odes) is a semidominant dwarfing mutation in Arabidopsis, caused by a 

transposon insertion leading to overexpression of the SHI gene (Fridborg et al., 1999, 

Plant Cell 11 :6). The shi mutation confers a phenotype typical of mutants defective in the 

biosynthesis of gibberellin, GA. However, application of exogenous GA on shi does not 

correct the dwarf phenotype, which suggests that shi is defective in the perception of, or 

the response to, GA. In agreement with this, the leve! of active GAs is elevated in shi, 

which is an expected result of reduced feedback control of GA biosynthcsis. 

SHI is a member of a small gene family encoding putative transcription factors with a 

single zinc finger moti f. The expression pattem of SHI was examined using RT-PCR 

analysis and promoter::GUS fu sion constructs. SHI was shown to be expressed in 

meristemalic and expanding tissuc, e.g. root tips, cmerging lateral roots, developing shoots, 

· young expanding lea ves and developing fl owers. This express ion pattern is very similar 10 

that of the GA biosynthesis gene CA/ (Si lvers tone el al., 1997, Plant Joumal 12: 1 ), which 

is consisten! with a role of SHI in the GA signaltransduction pathway. 

As most of the dwarfed putative GA signaltransduction mutants are isolated in the 

semidwarfed Ler background, we introduced shi into L..er+ plants (lacking the erecta 

mutation). In this wild-type ERECTA background the shi mutation did not show a strong 

dwarf phenotype, suggesting that the erecta mutation is necessary for the penelrance of 

the shi mutant phenotype. 
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Modifying gibberellin dioxygenase gene expression in transgenic plants 

Andrew L. Phillips
1
, Jeremy P. Coles', Stephen G. Thomas

1
, Stephen J . Croker

1
, lan S. 

Curtis
2

, Michael R. Dave/, and Peter Hedden
1 

1IACR-Long Ashton Research Station, Department of Agricultura! Sciences, University of 
Bristol, Long Ashton, Bristol BS41 9AF, U .K.; 

2
Plant Science Division, School of Biological 

Sciences, University ofNottingham, University Park, Nottingham NG7 2RD, U .K. 

GAs are involved in the regulation of a number of agronomically-important 
developmental processes in plants, notably shoot elongation and fruit development. The 
manipulation of GA levels in plants is, therefore, widely practised in agriculture and 
horticulture. lncreased GA levels are achieved through the application of bioactive GAs while 
reduced GA levels are produced by the use of growth regulators that act through the inhibition 
of enzymes of the GA biosynthetic pathway. The safety of sorne synthetic plan! growth 
regulators in use today has been questioned : the genetic manipulation of GA biosynthesis 
offers an environmentally-fiiendly, alternative strategy to controlling crop development. The 
analysis of levels of GA intermediates and activities of the biosynthetic enzymes, and more 
recently the analysis of transcript levels for these enzymes has suggested that the dioxygenases 
that catalyze the later reactions in the biosynthetic pathway are affected by factors such as light 
and feedback by bioactive GAs. This suggests that these enzymes catalyse regulatory steps in 
GA biosynthesis and are ideal targets for genetic manipulation. 

GA 20-oxidase catalyses multiple consecutive steps resulting in the formation of the 
C19-GAs and in Arabidopsis is encoded by a small multigene family with tissue-specific 
expression patterns (Phillips et al., 1995). Overexpression of any of the genes in transgenic 
Arabidopsis using the CaMV 35S promoter results in increases in bioactive GAs and a 
phenotype that includes reduced seed dormancy, increased hypocotyl length, early flowering 
and increased stem elongation (Huang el al. , 1998; Coles el al., 1999). This suggests that 20-
oxidase activity limits bioactive GA levels in a number of plant tissues. Suppression of 20-
oxidase transcript accumulation in Arabidopsis by expression of antisense RNA results in GA­
deficient plants whose phenotype reflects the expression pattern of the gene family member: 
reduction in GA20oxl (GA5) expression yields seedlings with short hypocotyls and reduced 
rates of stem elongation Antiscnsc cxprcssion of GA20ox2 reveals a phenotype only in short 
days, with a reduction in floral intemode lengths, while antisense expression of GA20ox3 
yielded one line with short hypocotyls. suggesting a hitherto unknown role for this gene in 
early seedling development (Coles et al., 1999). 

A GA 20-oxidase expressed in developing endosperm and cotyledons of pumpkin is 
unusual in that it produces only a small amount ofthe C19-GA precursors to the bioactive GAs, 
its principal products being the C-20-carboxylic acids (Lange el al .. 1994) . As these are 
inactive and cannot be converted to active forms, overexpression of thi s enzyme should. in 
theory, result in diversion of intermediates in the pathway into inactive by-products. In 
Solanum dulcamara, overexpression of the pumpkin cotyledon 20-oxidase results in a marked 
reduction in the GA , content of leaves and stems anda huge increase in the levels ofGA11. and 
the plants have small . dark-green leaves and reduced stem extension (Curt is. Phillips. Davey 
and Hedden. unpublished). Levels of non- 13-hydroxy-GAs are less affected or even increased. 
possibly due to a combination of preference of the pumpki n 20-oxidase for non-1 3-hydroxy 
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substrates and up-regulation of the endogenous GA 20-oxidases by the feedback mechanism. 
ln contrast, overexpression of a pumpkin endosperm 20-oxidase in Arabidopsis has only small 
etfects on stem elongation (Coles, Phillips & Hedden, unpublished; Xu el al., 1999), 
suggesting that the etfects of overexpressing this enzyme ditfer between species and may be 
unpredictable. 

An altemative strategy of reducing bioactive GA levels is to increase GA turnover by 
overexpression of GA 2-oxidase, a multifunctional enzyme that inactivates GAs by 
hydroxylation at the 2P position and also carries out a further oxidation to yield the GA­
catabolites (Thomas el al., 1999). Overexpression of GA 2-oxidase in Arabidopsis using the 
CaMV 35S promoter results in a reduction in GA-4 levels and a very Iarge increase in 2P­
hydroxy-GAs and GA-catabolites (Thomas, Phillips & Hedden, unpublished). The leve! of 
expression of the transgene determines the severity of the resultant phenotype, which range 
from extreme dwarf rosettes to plants that have a wild-type growth habit but that have 
elevated expression of GA 20-oxidase and GA 3P-hydroxylase genes, due to the operation of 
the feedback mechanism. Using this approach we have al so produced transgenic fines of other 
crop and ornamental species including wheat, sugar beet, Petunia and Nicotiana with 
potentially useful GA-deficient phenotypes. 

Rcfcrenccs: 
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Hedden P. ( 1995) Isolation and expression of lhree gibberellin 20-oxidase cDNA clones from 
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Control of tuberization by gibberellins 

Virginia Amador, Jordi Bou, Esther Carrera, Elena Monte, Mariana Rodríguez 
and Salomé Prat 

Opto. de Genética Molecular. Centro de Investigación y Desarrollo- C.S.I.C. Jordi Girona, 
18-26, 08034 Barcelona, SPAIN. Tel. 34 93 400 61 89. FAX 34 93 204 59 04 . E-mail 

spmgms @cid.csic.es 

Gibberellins (GAs) are cyclic diterpenoid hormones that regulate many plant growth 
and developmental processes, including germination, stem growth, flowering and fruit 
development (Swain and Olszewski, 1996; Lange, 1998). In potato (Solanum tuberosum) they 
have an inhibitory effect on tuberization. Gibberellin activity decreases under conditions that 
promote tuber formation such as short days and increases in plants subjected to conditions 
which inhibit tuberization. Decreased levels of GA 1 were also observed in stolon tips during 
the early stages of tuber induction (X u et al. 1998) and in this model system, the application 
of inhibitors of GA-biosynthesis like paclobutrazol or ancymidol was able to promote tuber 
fom1ation. Hence, these studies have allowed to establish a strong correlation between 
decreased levels ofGA activity and tuber initiation. 

We have recently isolated three cONA clones (StGA20oxl, StGA20ox2 and 
StGA20ox3) encoding potato GA 20-oxidase (Carrera et al., 1999), a key enxyme in the GA 
biosynthetic pathway (Hedden and Kamiya, 1997). Characterization of these cONA clones 
showed that they encode functionally identical enzymes with different pattems of tissue­
specific expression. Gene StGA20oxl is abundantly expressed in shoot tips and leaves, and 
exhibits lower levels of expression in stem, stolons and tubers. \Ve have shown that 
expression of this gene is regulated by daylength, suggesting that it may be involved in 
photoperiodic regulation of GA-biosynthesis and thus play a role in tuber induction in 
response to shor1 days (SO). To investigate this possibility, we have obtained transgenic 
potato plants expressing sense and antisense copies of the StGA20oxl cONA. Over­
expressing transfonnants were taller than control plants, had lighter-green lea ves and required 
a longer duration of SO to tuberize. Moreover, tubers obtained from these plants had a 
decreased time of dormancy and developed sprouts with highly elongated intemodes. 
Antisense transformants had, in opposite, shorter stems, a decreased length of the i.ntemodes 
and in SO tuberized earlier than control plants. Tuber yield of these plants was increased, 
with a higher number of tubers produced per plant and a slight increase in tuber size. 
Expression of the antisense construct had no visible effect on the time of dormancy of the 
tubers. but at end of dom1ancy tubers formed sprouts with reduced intemode length. These 
results demonstrate the involvement of the GA 20-oxidase activity encoded by SIGA20ox 1 in 
the control of stem elongation and in tuber induction and indicate that another member of the 
gene family could be responsible for regulation oftuber dormancy (Carrera et al. , 2000). 

We have obtained as well transgenic plants that expressed a sense construct for the 
potato 3¡3-hydroxylase clone SIGA 3ox 1 under control of a double 35S prometer (Bou et al. , in 
preparation). Transfom1ants over-expressing this gene were taller than the control plants but 
to our surprise they tuberized in SO earlier than control plants. A co-suppression effect was 
observed in few transfom1ants. Co-suppresed plants were sh011er than the control s and 
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tuberized later than these when transferred to SD. Although very preliminary, these results 
may be indicative of a regulatory activity of GA2o in the control of tuberization, with GA1 
being mainly active in control of plan! stature. 

Interestingly, manipulation of the levels of expression ofthe GA-biosynthetic enzymes 
results in faster or slower tuberization in SD but is not able to overcome the requirement of 
SD conditions for tuber formation. In a similar way, the dwarf gal mutant of Solanum 
tuberosum ssp. andigena, which is blocked in the 13-hydroxylation step catalyzing 
conversion of GA 12 into GA 53 (Bamberg and Hanneman, 1991 ), forms readily tubers after 4 
days in SD but in LD conditions requires more than 5 months to tuberize. A different 
tuberization behaviour is exhibited by the andigena transformants bearing an antisense 
construct for the phytochrome phyB gene O ackson et al. 1996) . These planes (cx-phyB) are 
able to tuberize in LO, with tubers being already observed 1 month after the plants were 
transferred to soil. Paradoxically, these transformants show also a characteristic elongated 
stem as if they would overproduce GAs. Therefore, their phenotype can not be simply 
explained by a change in endogenous levels of GAs. A change in GA sensitivity or 
constitutive activation of a tuberization inductive signa! appears to be responsible for the 
photoperiod independent tuber induction in these plants. To investigate whether a change in 
GA sensitivi ty would result in tuber formation in LD, we have obtained andigena plants that 
expressed the Arabidopsis dominan! gai mutation under control ofthe 35S promoter. We will 
report on the phenotype of these transformants and of rhe double cx-phyB/gai transforrnants. 
Data will also be presented on a cONA clone designated as PHORJ (from ill!Qtoperiod 
responsive), isolated by differential display of leaves of plants induced to tuberize (grown in 
SO) and non-induced to tuberize (SD+NB). Antisense plants for this gene tuberized earlier 
than control plants and showed a dwarf phenotype that could be partially reversed by 
exogenous application of GAs. Studies of subcellular localization of the protein by fusion to 
GFP-GUS showed a cytosolic location ofthe fusion protein in the presence ofancymidol but 
a rapid migration to the nucleus upon treatment with GA3. These results would agree with a 
function of PHOR l in regulation of GA sensitivity or in GA signa! transduction. 
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Genetic manipulation of gibberellin biosynthesis in trees 

Thomas Moritz, Maria E. Eriksson, Maria Israelsson 

Umea Plant Science Centre, Department ofForest Genetics and Plant Physiology, 
Swedish University of Agricultura! Sciences, SE-901 83 Umea, Sweden 

Gibberellins have been shown to affect many physiological aspects of growth in 
woody species. Horrnone application studies have shown that GAs have effect on seed 
gerrnination, differentiation of xylem fibres, the length of secondary xylem fibres, and 
longitudinal and radial growth. By modifying GA levels by transforrning trees with genes 
encoding GA biosynthetic enzymes, it will be possible to both study the role of GAs in 
controlling different aspects of growth and development in trees, but also evaluating the 
possibility of practica! implications (assisting in the production of modified trees of interest to 
the pulp, paper and forest industries). We will present data from transgenic hybrid aspen 
(Populus tremula x P. tremuloides) expressing either the PHYA gene from oat, or the GA 20-
oxidase from Arabidopsis, showing the importance of GAs in controlling shoot elongation 
and secondary growth in trees. Hybrid aspen expressing the oat phytochrome A has reduced 
intemode length and reduced GA levels. By application of G~ it is possible to restore the 
height growth showing that the reduction of biological active GAs is at least partly the cause 
of the dwarf appearance. Transgenic hybrid aspen overexpressing GA 20-oxidase show the 
complete opposite phenotype, with increased height growth, and interestingly, a delay in 
short-day induced shoot growth cessation. The Iater confirrning the importance of GAs in 
controlling short-day induced growth cessation. Furtherrnore, the tnínsgenic trees also show 
that the increase in GA levels results in increased secondary growth, increased biomass 
production and longer xylem fibres . This shows that GAs are involved in many aspects of 
growth and development in trees, but also implies that by genetically modification of GA 
levels in trees improvements in valuable traits such as growth rate and biomass are obtained. 

Refercnccs: 
Olsen, J.E., Junittila, 0 ., Nilsen, J., Eriksson, M.E., Martinussen, 1., Olsson, 0., Sandberg, G. & Moritz, T. 1997. 
Ectopic expression of oat phytochrorne A in hybrid aspen changes critica! daylength for growth and prevents 
cold acclimation.- Plan! J. 12: 1339-1350. 
Eriksson, M.E., Jsraelsson, M., Olsson, O. & Moritz, T. Increased gibberellin biosynthesis in transgenic trees 
prornotes growth, biornass production and xylern fibre length. 
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GAI: modulator of gibberellin responses 

Nicholas Harberd, Tahar Ait-ali, Barbara Fleck, Lewin Hynes, Kathryn King, Jinrong Peng 
and Donald Richards 

Molecular Genetics Department, John Innes Centre, Colney Lane, Norwich, NR4 7UJ, UK 

Recent decades have seen large increases in world wheat grain yields . This so-called 
'Green Revolution' is in part dueto the widespread adoption ofvarieties containing the semi­
dwarfing Rht mutant alleles, and of associated changes in agricultura[ practise. These yield 
in creases ha ve enabled wheat productivity to keep pace with the demands of the rising world 
population. Like Rht mutant alleles in wheat, the gai mutant allele of Arabidopsis confers a 
semi-dominant dwarf phenotype, and a dramatic reduction in responsiveness to the plant 
growth hormone gibberellin (GA). The Arabidopsis GAI and RGA genes have been cloned . 
These genes encode closely related proteins (GAJ and RGA) that are members of a class of 
putative transcriptional regulators defined by the Arabidopsis SCR product. Recently, we 
have found that the DNA sequences of Rht (and D8, the maize orthologue) are closely related 
to those of GA!IRGA . Analysis of mutant D8 and Rht alleles suggests that the wild-type 
proteins (GAI, RGA, 08, Rht) are bi-partite in structure, with an N-terminal GA-specificity 
domain, and a C-terminal putative transcriptional regulator domain . These proteins appear to 
act as repressors of stem elongation, whose activity is opposed by GA. The mutant proteins 
are altered in ways that make growth repression relatively resi stan! to the efTects of GA. The 
significance ofthese findings for future plant improvements will be explored . 

Refe•·enccs: 
TI1e Arabidopsis CAl gene defines a signalting pathway that negatively regulates gibbere ltin responses. J. Peng, 
P. Caro!, D.E. Riclurds, K.E. King. R.J . Cowling. G .P. Murphy and N P. Harbcrd ( 1997). Genes and 
Devclopment 11 , 3 194 -:1205. 

Gibbereltin: inhibitor of an inJiibitor of...? N.P. Harberd, K.E. King, P. Caro! , R.J . Cowling. J. Peng <lile D.:::. 
Richards (1998). BioEssays 20, 1001-1008. 

'Green Revolution ' genes encode mutan! gibbcreltin response modulators. J. Pcng, D.E. Richards, N.M. 
Hartlcy, G .P. Murphy, K.M. Dcvos, J. E. Flintham, J. Bcales, L.J. Fish, A.J . Worland, F. Pclica, D. Sudhakar, P. 
Cluistou, J. W. Snapc, M.O. Galc and N.P. Harbcrd ( 1999). Naturc 400: 256-261 
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of a gene encoding an ent-copalyl diphosphate synthase in the 

hybrid citrange Carrizo and analysis of its parentals (~ 
ii' 

C.P. Alapont 1
•
2
, A .M. Vida! u, M. Talón 1 and J.L. García- Martínei 

\ 

1 
Instituto Valenciano de Investigaciones Agrarias, Moneada , Valencia; 2 Instituto de 

Biología Molecular y Celular de Plantas, Universidad Politécnica de Valencia, 

Valencia. 

Two cONA clones have been iso lated by PCR usmg degenerated 

oligonucleotides from citrange Carrizo (a hybrid from Citrus smens1s x Poncirus 

trifhliata extensively used like a rootstock in citrus). Thc seq ucnccs of those clones 

suggest that they encode ent-copalyl diphosphate synthases (CcCDSI and CcCDS2). A 

fui! length cONA clone (CcC:DSI gene) has bccn iso latcd by RA CT- PCR that cncodes 

a prote in of 821 ami no acids. which is being charactcrised by the enzymatic ac tivity of 

the express ion products of the gene in E. coli. 

Because ofthe low levels ofCOSs transc rípt s . wc are us íng QRT-PCI~ tcclmique 

lo quantify the levels of those transcripts in dilferent ti ssues of citrange Carri zo. a nd to 

know the effects ofGAs and GAs biosynthes is inhibitors on CcCD.<;/ ex prcssion level s. 

To know the parenta l source of CcCD.)' f ge ne in thc hybrid we havc amplilicd 

cONA from C. sinensis and P. trifáliato with CcCD.\1 spcu li c primcrs. We are 

currently seq uencing the amplified bands. which \NÍII a ll ow to know the source of 

( 'cCDSJ and, additionally to clone anothcr CDS ge ne from thc othcr parental. 
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Gibberellins and extracellular proteins expressed during fruit set in pea 

José Pío Beltrán, Alicia Pérez-García and Manuel Rodríguez-Concepción 

Instituto de Biología Molecular y Celular de Plantas (UPV -CSIC). Camino de vera s/n. 
46022-Valencia. Spain. E-mail:jbeltran@ibmcp.upv.es 

lnduction of fruit set and development in pea is regulated by gibberellins after 
fertilization of the ovules. Pollination and fertilization of the ovules can be prevented by 
removing the anthers from the flowers two days before anthesis. Before they enter 
senescence, unpollinated carpels can be stimulated to develop by exogenous aplication of 
gibberellic acid, giving rise to parthenocarpic fruits with the same morphology as those arisen 
from fertilization. The transition from the carpe! of the flower to a developing fruit is not a 
well characterized process despite its agricultura! importance. We have analyzed early 
changes in gene expression in pea carpels induced to develop by gibberellins by differential 
screening of a pea carpe! cONA library enriched by subtraction for carpe! specific messages. 
We have identified two genes, GICJ9 and GIC4 which are expresed after induction of pea 
fruit set by gibberellins. Analysis of their sequences and localization of fusion proteins with 
GFP indicate that both GIC19 and GIC4 are extracellular proteins. While GICI9 is a small 
proline-rich protein with no overall homology to other reported proteins, gic4 belongs to a 
novel family of proteins. Our results reinforce a model of gibberellin mode of action during 
pea fruit set and development involving enhanced synthesis of extracellular proteins and 
secretory activity to provide materials and energy for cell growth. 
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The promotion of Flowering by Gibberellins in Arabidopsis 

Miguel A Blázquez and Dellef Weigel 

Planl Biology Lab. The Salle Instilule, La Jolla, CA. 

Flowering in Arabidopsis, as in many olher planlS, is regulaled by bolh environmenla..l 

and endogenous faclors. This is particular! y evidenl for pholoperiod, since Arabidopsis 

can flower under shorl days, bul it flowers earlier under long days. On lhe other hand, the 

role of endogenous factors is revealed by the need that plants acquire certain competence 

before they iniúale the formalion of flowers even under inductive conditions. There are 

three reasons why gibberellins (GAs) are lhought lo be an important regulalor of 

tlowering time in Arabidopsis, particularly under non-induclive conditions: first, 

exogenous applicalion of GA3 decreases flowering time; second, mutants defeclive in GA 

biosynthesis tlo~er late under long days, and particularly sevcre mutations like gal-3 

abolish tlowering under short days ; and third, mutanlS with constilutively high GA 

signaling flower early. 

GAs are involved in lhe regulalion of many developmental processes in Arabidopsis, 

from seed germination lo cell elongation, so one relevant question is how direct the 

connection between GAs and tlowering is. For instance, the effect of GAs on tlower 

initiation might be a secondary conscqucnce of a more basic effect once!! divisi on or 

metabolism; allernatívely, GAs might pro mote flowering through a spccific branch of GA 

signaling. To discriminate between these and other possibililies, we have embarked in the 

iso lation and analysis of suppressors of the flowering defect caused by gal-3, which 

might define a GA-signaling brancl1 different 10 the ones thal may control other GA 

responses. We havc isolalcd mulations al 4 differenl loci named FOG (for EJowering Qf 

QA-deficient mutants). Two of them, in FOGJ and FOG2, secm lo suppress primarily thc 

tlowering defect, while mulalions in FOG3 and FOG4 also suppress the size defect and 

the lack of trichome initialion characteristic of ga 1 mutants, and the mulation in FOG4 

also suppresses lhe germination defec t. FOG3 has turned out Lo be allelic to RGA. 

Interestigly, mutations in FOGJ and FOG2 reduce flowering time under short days in a 

GAr background. One conccrn is 1ha1 FOG 1 and FOG2 mighl he in volved in the 

aclivation of a GA-indepcndenl pathway for the promo1ion of flowering, such as 1hc one 

induced by long days and mediatcd by CONST ANS. This poss ibility can be 1es1cd 

gcnetica lly, bul preliminary analysis of thc fog mutants indica lcs lhat all of lhem show 

cnhanccd scnsitivily 10 GAs, which would place 1hcm in 1hc GA signal ing pathway. 
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AFLP experiment designed to investiga te the role of Gibberellins in 
Arabidopsis germination 

J. G. De Diego 1
, F. D. Rodriguez1

, E. Battaner1
, P. Grappin

2 
and 

E. Cervantes3
. 

1: Dep. Bioquímica & Biología Molecular. Edificio Departamental, lab 125 Campus 
Unamuno, Universidad de Salamanca,3 7007 Salamanca, Spain . Laboratoire de Biologie 
des semences. INRA-Versailles. France. IRNA-CSIC. Apartado 257. Salamanca. Spain . 

An experiment based on the AFLP protocol was designed to isolate cONA 
fragments induced during Arabidopsis thaliana seed germination. Poly A+ 
RNA from wild type Wassilejska seeds as well as mutant ABC33 (GAI 1) , 
24 hours after imbibition, was isolated and reverse transcribed. Sequences 
from both cDNAs were amplified according to the AFLP protocol 
described by Bachem el al. ( 1996), and the resulting radiolabelled PCR 
products were ran on acrylamide gels. Bands showing specific expression 
on wildtype or mutant seeds were colected and re-amplifíed, cloned and 
sequenced. The aminoacid sequences derived from the obtained nucleotide 
sequences showed among the cDNAs severa! putative transcription factors 
and other proteins that may be involved in the control of Arahidopsis seed 
germination. One of the transcription factors , belongs to the b-Zip family 
and conesponds toa gene already sequenced, thus making straightforward 
the analysis of its prometer region. Other isolated cON As encode proteins 
with diverse degrees of homology with ABA induced proteins, titin, 
cytochrome oxidase and others . Some data concerning the regul ation of 
their mRNAs during germination wi ll be presented 

Reference: 

Bachem, CWB; Van det· Hoeven, RS; de Bruijn, SM; Vt·cugdcnhil, D; 
Zabeau, M and Visser, RGF. Yisualization of differential gene expression 
using a novel method of RNA fingerprintin g based on AFLP: Analysi s of 
gene expression during patato tuber deve lopment. Plant J ( 1996) 9(5), 745-
753. 
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Increased gibberellin biosynthesis in transgenic trees promotes growth, 

biomass production and xylem fiber length. 

Maria E. Eriksson 1
, Maria Israelsson1

, OlofOisson\ Thomas Moritz1 

1Department of Forest Genetics and Plant Physiology, The Swedish University of Agricultura! 

Sciences, SE-901 83 Umea, Sweden 2Department of Cell and Molecular Biology, Gi:iteborg 

University, Box 462, SE-405 30 Gi:iteborg, Sweden. 

Importan! aims in all tree-breeding programs around the world are to produce plants 
with increased growth rate, shorter rotation time and increased stem volume. Such trees 
would yield more biomass per area unit. Here we show that when ectopically over­
expressing a key-regulatory gene in the biosynthesis of the plant hormone gibberellin 
(GA) in hybrid aspen, (Populus trenzula x P. tremuloides), these traits are obtained. 
GA content in A tGA20ox 1 over-expressers was determined both in lea ves and 
internodes of actively growing tissue. Transgenic plants showed high levels of the 13-
hydroxylated ci9-GAs; GA20• GAI and GAg, and the non 13-hydroxylated ci9-GAs; 
GA9, GA4 and GA,4 , in both stem and leaves. The increase was more pronounced in 

stem ti ssue than in leaf tissue. The Jevels of the biological active GA 1 and GA4 in stem 
tissue of li ne 7 were 22- respective! y 24-fold higher than in the control. Furthermore, a ll 
transgenic lines showed lower levels of the substrates for the GA 20-oxidase. For 
example GA 12 and GA 5 , levels in stem ti ssue of line 7 were 17 % and 9 % of the 
contents in the control, respectively . 
In addition, these trees also display xylem fibres with an increased length compared to 
unmodified wild type (wt) plants . We a lso show that GA has an antagonis tic effect on 
root development, since the transgenic plants had a decreased root mass compared to wt 
at early stages of development. However, the negati ve effect on rooting efficiencies of 
regenerating plants in ti ssue culture and on the init ial establi shment of young plants in 
the green house, did not negatively affect growth al later stages. 
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GAI- a negative regulator of gibberellin mediated growth in Arabidopsis tlzaliana 
B. Fleck, T. Ait-Aii, K. King, J. Peng, D. Richards, N. Harberd 

The semidominant gai mutation in Arabídopsis confers a dwarf phenotype with reduced 
GA responses. Loss of GAI results in a tall wild type looking phenotype and plants 
homozygous for GAI null alleles are impaired in GA signa! transduction. 
GAI encodes a predicted 532 aa protein containing severa! domains which may be 
functionally important. Among others, sequence comparison identified two Nuclear 
Localisation Sequences and the VHIID domain that characterises the GRAS gene family 
of putative transcription factors in Arabidopsis. GAI shows sequence similarity to Signa! 
Transducers and Activators of Transcriptions (STA T proteins) o ver a putative SH2 
domain anda conserved C-terminal tyrosine. STAT proteins ha ve been identified in non­
plant species, they elicit transcription by interacting with a receptor mediated signa!. 
We are intcrested in investigating the importance of these domains thereby understanding 
more about thc role of GAI in GA med iated growth. 
Sequence analysis of GAI null alleles identified a mutant that contains a small in frame 
deletion in the putative SH2 doma in of GAI. We propose that this deletion is responsible 
for restoring the tal! phenotype. To study nuclear localisation of the GAI protein , 
translational fusions of GAI with the Green Fluorescent Protein are being expressed in 
planta. To examine how the SH2 domain, NLS and other consensus motifs in the protei n 
affect cellular trafficking of GAI, si te directed mutagenesis of GAI was carried out and 
analysis of the transgenic plants expressing GAI-GFP fusions is in progress. 
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Regulation of GA1 gene expression during early seedling development in Arabidopsis 

Christine Fleet, Chien-wei Chang, and Tai-ping Sun 

Biosynthesis of gibberellin (GA) is regulated by both environmental and 

endogenous factors to produce appropriate hormone levels, regulating plant growth and 

development in processes including seed germination and stem elongation. In 

Arabidopsis thaliana, the enzyme for the first committed step of GA biosynthesis is 

encoded by the GAl gene. We are interested in identifying factors that regulate expression 

of GAl to better understand how plants control GA biosynthesis. 

GAl shows a tissue specific expression pattern, corresponding to rapidly growing 

tissues including root tip, shoot apex, flowers, seeds, and leaf vasculature (Silverstone el al, 

1997. Plant J. 12: 9-19). To identify endogenous factors that may regulate GA1 expression, 

we are conducting a screen for mutations in trans -acting regulators of CA 1. We are using 

ethyl methane sulfonate-mutagenized transgenic plants containing two copies of a CA 1 

promoter-beta glucuronida;:e (GUS) reporter gene construct to identify plants with a 

change in the GUS expression at the seedling stage. Putative mutants have been identified 

which have altered staining, producing over- or under-expression or tissue-specific 

changes in GUS reporter staining. Lines with decreased GUS expression show a GA­

deficient phenotype and GA-responsiveness, while those with increased GUS expression 

have a near wild-type morphology. Expression of the endogenous CAl gene in selected 

lines has been measured b\· quantitative reverse transcriptase-polymerase chain reaction 

(RT-PCR), and these result;: are in agreement with the observed GUS activity levels. A 

mapping population for se\·eral mutant lines is being generated by crossi ng mutants in the 

Ler background to Colombia plants containing the GAl-GUS reporter. 

Additional work im·olves over-expression of CAl in Arabidopsis to determine anv 

phenotypic effect and asso.::iated changes in overall GA biosynthesis. Transgenic plants 

have been generated contzining the CAl coding region under the contro l of the 355-CaMV 

promoter (Sun and Kamiyc. Plan t Cell. 1994 6: 1509-1518) in either the Ler or gal -3 

backgrounds. Although sorne lines express high levels of CAl protein, they show a nea r­

wi ld type morphology in ei ther background . These lines are being further characterized 

for any subtle morphologkal differences, and for expression levels of downs tream GA 

biosynthetic genes (GA4 2nd GAS), as an indication of feedback regu lation within the 

biosynthetic pathway. 
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RJNCfiONAL ANAL YSIS OF ENT-KAURENE SYNTHASE FROM THE FUNGUS 
PHAEOSPHAERIA SP. IA87 

HIROSHI KA W AIDE*, T AKESHI SASSA t AND YUJI KAMIY A* 
*RIKEN and tDepartment ofBioresources, Yamagata University. 

ent-Kaurene is the first cyclic interrnediate of gibberellin (GA) biosynthesis in 
both higher plants and GA-producing fungi. In higher plants, copalyl diphosphate 
synthase (CPS) and ent-kaurene synthase (KS) are involved in the conversion of 
geranylgeranyl diphosphate (GGDP) to ent-kaurene by way of copalyl diphosphate 
(CDP). In contrast, fungal ent-kaurene synthases from Phaeosphaeria sp. lA87 and 
Gibberella fujikuroi convert GGDP to ent-kaurene. To understand the functions and 
mechanism of the bifunctional enzymes in fungal ent-kaurene biosynthesis, we studied 
the kinetics of the reaction catalyzed by Phaeosphaeria ent-kaurene synthase (FCPS/KS) 
and identified two cyclase domains in the 106-kDa (946 amino acids) polypeptide. 

Kinetic analysis of a recombinant FCPS/KS protein produced in E. coli indicated 
that the affinity of FCPS/KS for CDP is higher than that for GGDP. ent-Kaurene 
production from GGDP by FCPS/KS was enhanced by addition of a plant KS but not by 
plant CPS, suggesúng that the rate of ent-kaurene production of FCPS/KS may be limited 
by the KS acúvity. lnterestingly, the activity of a plant CPS was inhibited by high 
concentration of substrate GGDP, both substrates did not inhibited enzyme activities of 
FCPS/KS. Such inhibition has not been found in cloned GGDP cyclases involved m 
secondary metabolites in plants. 

Functional analysis using CPS inhibitor suggested that FCPS/KS resides in 
· separate domains for the two-step cyclization reaction . We ass igned two active domains 
of FCPS/KS by site-<:lirected mutagenesis and deletion experiments. Replacement of 
aspartate residues by alanine indicated that the 31 8DVDD motif near the N-terminus is part 
of active site for CPS ac ti vity, and that thc 6x.DEFFE motif ncar thc C-tcnninus is 
required for KS activity. Thc othcr aspanatc-rich "'DDVLD motif ncar Lhe N - L c nninu ~ is 
thought to be involved in both activities. Functional analysis o f thc N- and C-temúnally 
truncated mutants revealed that a 63-kDa polypeptide from the N-temúnus (!>. 53 1-946 
amino acid) catalyzed the CPS reaction and a 66-kDa polypeptide near the C-tenninus (!>. 
1-249 amino acid) showed KS activity which was severely reduced. The mutant 
encoding a truncated protein lacking the first 43 amino acid residues of the N-terminus (!>. 
1-43 amino acid) showed no CPS activity and reduced KS activity rather than that of the 
C-temúnal 66-kDa polypeptide. These results indicate that there are two separare 
interacting cyclase domains in the single polypeptide chain of FCPS/KS. A third domai n 
near the N-terminus, which contains conserved amino acid res idues with other plant 
diterpene cyclases, may be importan! for the both CPS and KS reactions in the enzy mc. 
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Modification of plant height in transgenic tobacco plants by genetic 

manipulation of GA biosynthesis with GA 20-oxidases. 

l. López-Díazl, A. M. Vida!!, C. Gisbertl , P. Hedden2, A.L. Phillips2, S. J. Croker2, 
M. Talón3, José.L. García-Martínezl 

1 Instituto de Biología Molecular y Celular de Plantas, Universidad Politécnica de 
Valencia; 2 Long Ashton Research Station, Bristol, 3 Instituto Valenciano de 

Investigaciones Agrarias, Monteada, Valencia. 

Gibberellins (GAs) control severa! plant developmental processes and, in the 
case of stem elongation, there is a direct correlation between the content of active GAs 
and the final length of the shoot. 

Consequently, we can expect to achieve a reduction or enlargement of plant 
stature by manipulating GA biosynthesis in genetically modified plants. We ha ve used 
tobacco plants as a model system to study different strategies for modifying plant 
height. To alter the active GA content in these plants, we have focused in the final pan 
of the GA biosynthetic pathway, after GA 12, where two enzymes (GA 20-oxidases and 
GA 3-oxidases) catalyze most of the steps that generate the active GAI and GA4. We 
have transformed tobacco plants with heterologous genes for GA 20-oxidases, from 
different sources, alteri ng the height of the plants in different qualitative and 
quantitati ve ways. 

Tobacco transgenic plants overexpressing a cONA clone coding for a GA 20-
oxidase from the citrus Carrizo citrange (CcGA20oxl) were taller (up to 100%) and 
had longer flower peduncles than those of control plants. The ectopic overexpressio n 
ofCcGA20oxl enhanced the non-hydroxylation pathway ofGA biosynthesis leading to 
GA4 (whose concentration in the shoot increased 2-3 times), apparently at the expense 
of the parallel alternative early- 13-hydroxylation pathway (whose products decreased 
or ,,·ere not affected ). We conclude that the tal! phenotype oftobacco plants was dueto 
iheir higher content of GA4, since this was shown to be more active inducing growth 
of hvpocotyls in tobacco seedlings. Hypocotyls of 9-day-old transgenic seed lings, 
,,·hi ch were longer (up to 400"/o) than those of control, did not elongate further by GA3 
app licat ion_ suggesting that the GA response was saturated by the presence of the 
transgene. 

We ha ve attempted the reduction of plant height by the antisense inhibition of 
the endogenous GA 20-oxidases, transforming tobacco plants with the citrange gene 
Cc20ox 1 in antisense orientation. Thi s GA 20-oxidase gene is up to 77% identical in 
seq uence to one of the endogenous genes of tobacco. The antisense expression of 
Cc20ox 1 generated plants significantly shorter that control, with a reduction in RNAm 
levels for the most homologous toba ceo gene, Nt 12. The hypocotyl length however 
was not affected . A second approach that we have tested to reduce plant he ight is the 
transformation of tobacco plants with the Cm20ox 1 gene of pumpkin, which code for 
an atvpica l GA 20-oxidase. This enzy me leads to the biosynthesis of inactive GAs 
(GA 17 y GA25) and it s overexpression in Arabidopsis causes a reduction of stem 
length by deviating the pat hway toward inactive products. 

However, transgenic toba ceo plants expressing the C m20ox 1 gene are not 
reduced in height, but are 60% tall er than control and their hypocotyls are a lso 
elongated. The hypocotyl leng1h is not much different in plant s w ith one (hemi zygous) 
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or two (homozygous) loci although GA responses are not saturated as shown by the 
GA3 induction of hypocotyl elongation. The lack of gene dose effect will be discussed 
in terms of substrate availability, as suggested by experiments with the inhibitor 
paclobutrazol. 
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cij, a mutation of Arabidopsis 
affccts thc dcvclopmcnt of 

thaliana 
thc late 

Francisco Madueñol, Leonor Ruiz-García2, Isabel López-Diazl, Julio 
Salinas3 y José Miguel Martínez-Zapater2 
1/nstituto de Biología Molecular y Celular de Plantas, UPV-CSIC, Valencia; 2 Centro 

Nacional de Biotecnología;, Madrid; 3 C!T-INIA, Madrid. 

The aeri al part of the Arabidopsis thaliana plant is composed of four parts that 
correspond to four different developmental phases. 8oth the juvenil e and the adult 
roserres are formed by lea ves originated in nades among which no elongation takes place. 
In opposition to this, the intemodes of the of the early inflorescence stem, as well as 
those of the late injlorescence stem, exhibit elongation. 

The (.;.ompressed in.florescence (cij) mutation, isolated from an EMS mutageni zed 
Landsberg erecta population , is recessive, maps toa region at the top of chromosome 3 
and has a pleiotropic effect on the architecture of the inflorescence. The cif mutation 
provokes a moderate delay in the flowering time (under both lo ng and shon day 
conditions) and a strong alteration of the morphology of the inflorescence stem. In this 
way, whereas the internodes of the lower part of the intlorescence stem of cif, which 
separate those nades bearing secondary intlorescences (early inflorescence phase), exhibit 
an essentially normal degree of elongation, the internodes of the upper pan of the 
inflorescence stem, that separate the tlower-bearing nades (late intlorescence), do not 
elongate and this originates a characteristic compressed inflorescence. This striking effect 
on the intlorescence stem architecture is only observed when the cifmutation is found in 
combination with the er mutation (present in the Landsber ~ecta ecotype). E ven though 
the del ay in flowerin g time is partially rescued when cif is combined with the spy-5 
mutation, the double mutant plants still exhibit a compressed inflorescence phenotype. 
Exogenous app lication of GA3 or vemalization treatments do not correct the compressed 
phenotype either. 

\Vhen the Cif mutation is combined with mutations which del ay (/f>' or ap 1) or 
:Kce ler:He (tjll) the initiation of fl owers in the inflorescence stem, the internode 
comprcss ion is consistently delayed or accelerated. This suggests that the internode 
C<l mprc ~~ ion provokcd by the cifmutation is associated to the late intlorescence phase of 
development and makes unlikely the possibility that this phenotype is dueto sorne non­
specific defect as , for in stance, a deficiency in the acropetal transpon of sorne substance 
through the inflorescence stem. 

Our results indicate that the elongation of internades of the inflorescence stem in 
Arabidopsis is governed by differe nt mechanisms in the early and late intlorescence 
phases. 

Acknowlcdgmcnts. The cif mutant was origina ll y iso lated in the laboratory o f Dr. 
Javi er Paz-Ares (Cen tro Nacional de Biotecnología, Madrid). We are gratefu l to Juan 
Manue l Pedrosa for tcchnical ass istance. 
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EARL Y STEPS IN THE PHYTOCHROI\1E B SIGNAL TRANSDUCTION 
PATHWAY. 

J. F. Martínez-García, E. Huq and P. H. Quail, Plant Gene Expression Center (USDA­
ARS, UC-Berkeley), 800 buchanan Street, Albany, CA 94710, USA. 

Plants have evolved severa! photoreceptors to perceive the light environment 
continuously and adapt their growth and development optimally to the light conditions. 
The best characterized are the phytochromes (phys), which in Arabidopsis are a small 
family of five members (phyA to phyE). Perception of the Iight conditions activates 
transduction pathways Jeading to changes in gene expression that drive the 
photomorphogenic responses that occur throughout the plant Iife cycle, such as seed 
gemúnation, seedling de-etiolation, shade avoidance and flowering. The isolation of 
Arabidopsis mutants deficient in the function of one phy has provide evidence that 
phyA and phyB have a major role in the seedling de-etiolation under continuous far-red 
(FR) and red (R) Iight, respectively. Recently it was isolated and characterized in our 
Iaboratory a ¡¿hy interacting factor, PIF3, and shown to be a truly primary factor of both 
phyA and phyB signaling pathways (1). It has been shown that "in vitro" PIF3 binds 
preferentially, if not exclusive! y, to the active form of phyB, PfrB (2) . PIF3 is locali zed 
constitutively in the nucleus of the plant cells ( 1 ). The recent finding in other 
laboratories that both phyA and phyB translocate to the nucleus in a light dependent 
manner (3 ), enables the observed interaction between PIF3 and PfrB to happen "in 
vivo". PIF3 shows similarity to the basic-helix-loop-helix (bHLH) superfamily o f 
transcription factors , but its ability to act as one has not been proven. We were 
interested in addressing whelher PIF3 is able to bind specifically lhe DNA and, if so , 
whether lhe DNA-bound form of PIFJ can slill interacl with the active fonn of phy13 . A 
¡:andom b_inding ~ it e ~election (RBSS) str;!tegy combir!ed vfith ~ !e c !r o phor c ti c mobility 
~hift ~ s ay (EMSA) experiments were performed to answer these ques tion s. The lates! 
results will be described. 

References: 

(1) Ni el al. (1998) , Ce!l95, 657. 
(2) Ni et al. (1999), Nature 400 , 781-784. 
(3) Yamaguchi et al., (1999) J. Ce/1 Biol. 145, 437; J<jrcher el al. (1999) , P!ont Ce// 
11, 1445. 
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Do gibberellins come from mevalonate pathway or non-mevalonate pathway? 

Kazunori Okada, Hiroshi Kawaide, Bunshiro Endo, Tomohisa Kuzuyama' , Haruo Seto 
1 and Yuji Kamiya 

RIKEN, Wako-shi, Saitama, Japan, 351-0198, 'Institute of Molecular and Cellular 

Biosciences, University ofTokyo, Bunkyo-ku, Tokyo, Japan, 113-0032. 

Biosynthesis of isopentenyl diphosphate (IDP), which is an essential precursor 

of geranylgeranyl diphosphate (GGDP), occurs using two different pathways, namely 

mavalonate (MVA) pathway in citosol and non-MVA pathway in plastid. GGDP is 

converted to ent-kaurene via copalyl diphosphate (CDP) by CDP synthase and ent­

kaurene synthase in plastids. Therefore, the non-MVA pathway is thought to be a majar 

pathway to supply the precursor for GA biosynthesis. However, we still don't know 

how the non-MVA pathway involves in the GA biosynthesis and other IDP dependen! 

isoprenoids biosynthesis. To address this question, we have been focusing on the genes 

related to IDP metabolism, such as GGDP synthase genes and sorne other non-MVA 

pathway dependen! genes, and examining about their functions, localization, expression 

patterns, and phenotypic effects to plants caused by silencing of these genes. 

There is a small gene family for GGDP synthases consisting of 5 isozymes in 

Arabidopsis. Subcellular localization ofthese enzymes using synthetic green fluorescent 

protein (sGFP) has been shown that GGPSI-sGFP and GGPS3-sGFP proteins were 

translocated into the chloroplast, GGPS2-sGFP and GGPS4-sGFP proteins were 

localized in the ER, and GGPS6-sGFP protein was localized in the mitochondria. RNA 

blot and promoter-GUS analysis showed that these genes are organ-specifically 

expressed in Arabidopsis. GGPSJ were ubiquitously expressed, while GGPS2, GGPSJ 

. and GGPS4 were expressed specifica lly at flower, root and flower, respectively. These 

results suggest that two GGDP synthases are involved in the plastidial GA biosynthesis 

with non-MVA pathway at each specific organ, and other three enzymes are working at 

the cytosolic!ER or the mitochondria with MVA pathway. 

Recently, Escherichia. coli 2-C-methyi-D-erythritol-4-phosphate (MEP) 

cytidyltransferase that produces cytidii-MEP, a possible precursor of IDP in non-MVA 

pathway, has been reported . Therefore, we have cloned its Arabidopsis homolog 

(AtYACM) and purified His-tagged AtYACM protein. The protein showed the activity 

for production of cytidii-MEP from MEP and CTP like a bacteria! enzyme. Now we are 

proceeding to antisense analysis and locali zation analysis of AtYACM protein. It can be 

expected that AtYACM protein be probably localized into chloroplast, and the plant 

lucks AtYACM activity could express pleiotropic effect s including a dwarfism caused 

by GA deficiency. Expression patterns of At YACM transcripts are al so now in progress . 
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Stimulating Effect of Exogenous ent-K.aurenoic Acid on the 
Metabolism and/or the Excretion of other Kaurenoids in the SG138 

Mutant of Gihberellafujikuroi 

Alejandro F. Barrerot, J. Enrique Oltrat, José Justicia¡, Enrique Cerdá-Oimedot, and 
Javier Ávalost. 

!Departamento de Química Orgánica, Instituto de Biotecnología, Facultad de 
Ciencias, Universidad de Granada, Granada, Spain. tDepartamento de Genética, 

Universidad de Sevilla, Sevilla, Spain. e-mail joltra@goliat.ugr.es 

Feeding experiments with ent-kaurenoic acid (1), 1 Sa.-hydroxy-ent-kaurenoic acid 
(2), 1Sf3-hydroxy-ent-kaurenoic acid (3) and mixtures of 1 plus 2 and 1 plus 3, have 
been performed using the SG 138 mutant of Gibberella fujikuroi. The results provide 
information about the substrate specificity ofthe enzymes involved in the ent-kaurenoic 
acid 7f3-hydroxylation and subsequent ring B contraction to give the gibberellin 
skeleton. Biotransformation of 2 gave 7f3, ISa.-dihydroxykaurenolide (5)1 and the 
previously non described 7f3, 1 Sa.-dihydroxy-ent-kaurenoic acid ( 4). Biotransformation 
of 3 provided 7P, 1 Sf3-dihydroxy-ent-kaurenoic acid ( 6)2 and 7f3, 1 SP­
dihydroxykaurenolide (7).2 No biotransformation products with a gibberellin skeleton 
were detected in any of these experiments. The results confirm that an OH group at C-
1 S does not inhibit the 7f3-hydroxylase activity1 but complete! y prevents the ring B 
contraction reaction in our mutant, suggesting a relatively high substrate specificity for 
the enzymatic system involved. Unexpectedly, we found a strong stimulating effect of 
exogenous l on the excretion of ent-kaurene and the metabolism of 2 and 3. A 
enzymatic cell model organized in two compartments connected by a bottle-neck 
channel, explaining the ent-kaurenoic acid effect, will be depicted in the poster. 

l,R = OO 2H,R'=H.,R"=H 
2,R=OO 2H, R' =H., R"=o.OH 
J,R=OO 2H, R'=H, R"= f30H 
4, R = OO 2H, R'= POH, R" =o.OH 
6, R = ro 2H, R' = BQH. R" =POl-i 

5, R= flOH. R' = o.OH 
7, R= flOH. R' = f30H 

1.- Fraga, B. M., González, M. G, Díaz, C. E., González, P., and Guillermo, R. ( 1988) 
l'hy tochemistty 27, 3131-3136 
2.- Hutchison, M., Gaskin, P., MacMillan, J., and Phinney, B. O. (1988) Phytochemistry 
27, 2695-2701 
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Decreasing tbe stature of Arahiáopsis thaliana by ex.pression of bammerbead 

ribozymes and antisense RNA against the GAI gene 

José Pérez-Gómez and José Luis García-Martinez 

Instituto de Biología Molecular y Celular de Plantas (UPV-CSIC) 
Universidad Politécnica de Valencia . Camino de Vera, 46022, Valencia, Spain . 

Gibberellins (GAs) are plant hormones i.nvolved in rnany devclopmental processes such 
germination, stem clongation, flowering and fruit development. Tbesc processcs can be 
modified by altering the endogenous GA conteat of the plant, therefore generating phenotypes 
of agronornic intercst The growing number of cloned genes involvcd in GA biosyntbesis and 
metabolism ma.kes feasiblc the gcnetic manipulation oftheir expression. 

GA biosynthesis starts with thc ciclation of GGPP to produce ent-copalyl diphosphatc, a 
react.ion catalizcd by thc ent-copalyl diphosphate synthase (CPS) . In Arabidopsis a gene coding 
this enzyme (GAJ) is mainly expressed in young developing tissucs , which makes CPS a good 
potential targct for genctic manipulation. 

Our aim is to silence the ex-prcssion of thc GAJ gene in Arab1dopsis using antisensc RNA 
and hammcrhcad ribozymes (small RNAs with catalytic activity capablcs of cutting othcrs 
RNAs in trans) 

We have dcsigncd a hammcrhead ribozymc against the GAJ gene based on tbc sccondary 
structure of its mRNA and the base composition of the hybridizing anns . A control ribozyme 
with a single base change that lacks cataliritc acticity was also produced. Thc activity of thesc 
ribozymes was assessed in vitro and transgenic plants of Arabidopsis thnliana that c:>..-prcss thc 
ribozymes as weU as ~¡is c n se RNA against GAJ were obtained. Tbc phenotype o f ili c 

1Ja.nsgenic plan ts, as . w~J) as ilic levels of GAL transcripts quantitatcd by RT-PCR \\ill be 
~ ed . 
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EBS: a new locus involved in the regulation of flowering time and germination in 
Arabidopsis. 
Manuel Piñeiro(l), Concepción Gómez-Mena(l), José M. Martínez-Zapater(l) and G. 
Coupland(2). 
(1) Centro Nacional de Biotecnología. Campus de la U. Autónoma de Madrid, 

Cantoblanco. 28049, Madrid. Spain. 
(2) John lnnes Centre. Colney Lane, NR4 7UH. Norwich. UK 

Mutations in the EBS (EARLY BOLTING IN SHORT DAYS) gene cause a precocious 
transition from vegetative to reproductive development, especially in short day (SD) 
conditions . Specifically, ebs mutants show a reduction in the adult vegetative phase of 
development. In addition, ebs mutations result in altered floral morphology, semidwarf 
phenotype, reduced dormancy of seeds and increased resistance to the inhibition of 
germination caused by paclobutrazol. Since both flowering in SD and germination are 
developmental processes that require gibberelin (GA) biosynthesis, we tested whether ú1e 
early flowering and the precocious germination of freshly harvested seeds observed in ebs 
mutants was dependent on GA biosynthesis or signa! transduction. The analyses of double 
mutants constructed with ebs and gal-3, ga2-I and spy-5 show that both the early 
flowering and the reduced dormancy phenotypes of ebs require GA biosynthesis. Also, 
spy-5 mutation acts additively with ebs in accelerating flowering and decreasing 
dormancy . 
On the other hand, the genetic analyses of double mutants among ebs and late flowering 
mutants show that FT gene is al so required for the early fl owering time phenotype of ebs , 
both under long days (LD) and SD conditions, suggesting that EBS could be involved in 
the regulation of FT express ion . To test this hypothesis we ha ve analysed the 
accumulation of FT transcript in ebs mutant plants. Our results show ú1at FT expression is 
upregulated in ebs mutant as compared to wild type, confirming that EBS partic ipares in 
the regulation of the express ion of FT gene. 
We are currently analysing the poss ible involvement of EBS in the regulation of the 
express ion of key genes in the control of the pathway of GA biosynthes is (GA5 and GA4). 
The results of this study will be also presented. 

Instituto Juan March (Madrid)



73 

The role of GAI in the gibberellin signa! transduction pathway. 
Donald E Richards, Jinrog Peng and Nicholas P Harberd. John lnnes Centre, 
Colney Lane, Norwick UK. 

Gibberellins are diterpenoid compunds that influence many plant 

developmental processes. GAI is a gene involved in the gibberellin signa( 

transduction pathway that has been cloned in our laboratory. We have shown 

that its orthologs in wheat are the genes responsible for the "green revolution". 

We show here that these genes ha ve sequence homology to the STA Ts (Signa! 

Transducers and ActiYators of Transcription), a fa mil y of transcription factors 

present in metazoans. The STA Ts play a central role in the signa! transduction 

pathway of cytokines and other extracelluar effectors. \Ve discuss the e,·idencc 

that the members of the recen ti y discovered family of plant proteins, GRAS -

whose members code for proteins that play di verse roles in development in 

plants-, also ha ve homology to the STA Ts. In addition, we present the rcsults of 

our recent experiments concerning the role that tyrosine phosphorylation plays 

in the gibberellin signa! transduction pathway. 
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Gibberellins in Rumex acetosa L. 

T ania Stokes 

Developmental Botany, Dept. of Plant Sciences, Univ. of Cambridge 
Downing Street, CB2 3EA Cambridge (U. K.) 

Physiological changes during the development of a plant may be effected 
through changes in the levels of active plant growth regulators such as 
gibberellins. Ouantitative changes in gibberellins have been shown to be 
important in the transition from the vegetative to the reproductive stages of 
development in rosette plants such as Spinacia oleracea and Arabidopsis 
thaliana 1. The levels of gibberellins may be in turn be controlled though 
regulation of gibberellin biosynthesis pathways by exogenous and 
endogenous signals. 

Therefore, as a first step to understanding the roles of gibberellins at various 
stages during the development of a plant, the identification of endogenous 
gibberellins and the gibberellin biosynthesis pathways operating in a plant is 
necessary. In this study GC-MS and combined HPLC/ELISA were employed 
to carry out quantitative and qualitative analytical studies on the gibberellins 
present in the dioecious long-day rosette plant Rumex acetosa (common 
sorrel) . 

In addition to a range of 13-hydroxylated gibberellins, the following 
gibberellins were identified in R. acetosa for the first time: GA 17, GA8, GA29, 
GA 18 and GA38. lt is proposed that at least two biosynthesis pathways 
operate in the R. acetosa samples studied. Gibberellins were quantified in 
various tissues to identify those that would be suitable for further analysis. 
Young inflorescences of both male and female plants were found to be sites 
of high concentrations of gibberellins, with mate inflorescences having 
significantly higher levels of GA 18 (p<0.05) than females . 

1. Hedden, P. (1999) Journal of Experimental Botany 50: 553-563. 
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Regulation and Genetic Manipulation of Gibberellin Catabolism 

Steve Thomas, Andy Phillips, Steve Croker, Paul Gaskin and Peter Hedden 

IACR-Long Ashton Research Station, Oept. of Agricultura! Sciences, University of Bristol, 
Long Ashton, Bristol BS41 9AF, UK 

Biologically active gibberellins (GAs) are inactivated by hydroxylation at the 
2~ position. We have employed a functional expression screening st rategy to isolate a cONA 
encodi ng a GA 2~-hydroxylase from late-developing seeds of Phaseolus coccineus, a rich 
so urce of this activity. A cONA library was constructed using poi y (Af RNA isolated from 
P coccineus seeds and a single clone was identified on the ability of the expressed protein to 
liberate 3H20 from [2,3-3H2]GA9 and [!,2-3H2]GA.t. Functional assays, using 14C labelled GA 
substrates, demonstrated that the protein product is a multifunctional GA 2-oxidase that 
converts GA,, GA.t, GA9, GA15 and GA2o to the respective 2~-hydroxylated products with 
GA51 and GA34 being metabolised further to their catabolites. 

Sequence database searches identified three putative Arabidopsis homologues. Full­
length cONA clones were isolated from Arabidopsis and designated AtGA2oxl. AtGA2ox2 
and AtGA2ox3. Northem blot analysis demonstrated highest levels of expression of AtGA2ox 1 
and AtGA2ox2 in floral clusters, but expression of AtGA2ox3 was undetectable. After 
expression in E coli. AtGA2ox2 and At2GAox3 were shown to encode multifunctional GA 2-
oxidases, whereas AtGA2oxl catalyzed only 2~-hydroxylation with no catabolite detected . As 
a consequence of feedback regulation. floral shoots of the gal-2 GA-deficient Arabidopsis 
mutan! contain abnormally high transcript levels of the GA-biosynthetic enzymes, GA 20-
oxidase (AtGA20oxl ) and GA 3~-hydroxylase (AtGAJoxl); application of JO 11M GA3 
rapidly reduces these levels. However, transcript levels for AtGA2ox 1 and AtGA2ox2 were 
increased by GA3 application, indicating that GA inactivation is up-regulated by bioactive 
GAs. 

We ha ve investigated the potential utility of GA 2-oxidase genes for manipulating GA 
content in transgenic plants. Over-expression of the P. coccineus 2-oxidase, under the 
transcrip tional control of the 3SS promoter, has produced a severe dwarf phenotype in 
Arabidopsis and severa! other species. Transgenic arabidopsis lines, with high levels of 
expression of the 2-oxidase gene. possess a phenotype similar to that of the extreme GA­
deficient mutan!, gal-3. When the transgenic plants were grown under long days they 
produced sterile flower buds but did not undergo stem elongation. Application of GA3 to 
these plants rescued the wild-type phenotype. Feedback regulation of GA biosynthesis was 
apparent in the dwarf plants, with the transcript levels of AtGA20oxl and AtGA3oxl being 
elevated compared to wild-types. Conversely, transcript levels for AtGA2oxl were reduced in 
these plants. The metabolism of applied [14C]GAs in the transgenic Arabidopsis plants was 
compared with that of wild-type (Columbia) plants. CwGAs were converted predominantly 
to their respective catabolites in the transgenic plants, but these products were not formed in 
the wild-type plants. Analysis ofthe GA content ofthe transgeni c plants showed a sign ifi can! 
increase in the level s of GAw<:atabolite compared to wild-type plants. A more detailed 
analysi s of the endogenous GAs is current ly in progress. 
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Regulation of Gibberellin Biosynthetic Genes in Germinating Arabidopsis 

Seeds 

SHINJIRO YAMAGUCHI (l), Yuji Kamiya (2), Tai-ping Sun(l) 

(1) Developmental, Cell and Molecular Biology Group. Dept. Botany. Duke University. USA 

(2) Frontier Research Program, RIKEN. Japan 

Gibberellin (GA) plays an essential role during germination of Arabidopsis seeds. We studied 

the regulation of two Arabidopsis genes, CA4 and CA4H (for CA4 homolog), both of which 

encode GA 3P-hydroxylases that catalyze the final biosynthetic step to produce bioactive GAs. 

Using RNA gel blot analysis, we showed that these genes are expressed during seed 

germination with distincttemporal pattems of mRNA accumulation. /¡¡ siru hybridization 

showed that both CA4 and CA4H transcripts are predominantly localized in cortical cells in 

embryo axis during seed germination. Interestingly, in contras! to the CA4 gene. the CA4H 

gene was not down-regulated by GA activity. Therefore, the CA4H gene may play an 

imponant role in the maintenance of bioactive GA levels required for seed germination. The 

physiological importance of the CA4H gene dUJing seed gennination will be studied using a 

ga4h T-DNA insenion mutant that we ha ve recently identified. 

The Arabidopsis CAl gene encodes copalyl diphosphate syn th:.~ se which C<Jtalyzcs <Jn 

early stcp of the GA biosynthet ic pathway. \Ve ha ve previously studicd dc velopmenwl 

regulation of the CAl gene using CA 1 promoter-CUS reponer gene expression and 

quantitative RT-PCR. Unlike the CA4 and CA4H genes, CAJ-CUS expression is localized in 

shoot apex and provasculature during seed gemlination . Distinc t loca lization pattems of these 

genes suggest intercellular translocation of a GA intermediate. To determine which intermediate 

could be transponed. we are currently examining cellular localization of other GA biosynthetic 

genes in germinating secds using in siru hybridiza tion and promoter-CUS reponer gene 

o:pression. 
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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. 
N el son. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on P.olyamines 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 
Ce lis. 
Organizers: N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers: M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers: T. A. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio­
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor­
Toro. 

269 Workshop on Neural Control of 
Movement in 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 Twenty-First Century. 
Vega. 

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

Morris. Negative Stranded ANA Viruses. 

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

of Zea Mays. Melero. 

Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. *13 Workshop on Approaches to Plant 

Hormone Action 
*5 Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers : A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. 
*15 Workshop on Signal Transduction by 

Organizers: P. Bateson and M. Gomendio. Growth Factor Receptors w'ith 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. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

*19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 

*20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J. Portugal. 

*22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J. López­
Barneo. 

*23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Promoted by Plasmids. 
Organizers : C. M. Thomas, E. M. H. 
Willington , 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 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

*29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

*30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. En)uanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth an.d 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Wol'kshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

*33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

*34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. 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. 

36 Workshop on Flower Development. 
Organizers: E. Coen , Zs . Schwarz­
Sommer and J. P. Beltrán. 

*37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers: M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timmis and J. L. 
Ramos. 

*40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J. León and R. Eisenman. 
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•41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers : T. L Blundell, M. Martínez­
Ripoll , M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

•43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

•44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin, R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Morena and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin , M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

•49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers : A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers: R. W. Oppenheim, E. M. 
Johnson and J. X. Comella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín andA. Villasante. 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers: R. S. Quatrano and M. 
Pages. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K . Weir and J . López­
Bameo. 

62 1996 Annual Report 

63 Workshop on TGF-~ Signalling in 

Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers : S. J. Benkovic and A. Ba­
llesteros. 
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65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra and A. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J. M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­
bination. 
Organizers: J. C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers : M. Van Montagu and J. L. 
Mico l. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J . Gehring . 

*74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants , 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas. 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J. Cudeiro andA. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J. Mo_dolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J. L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace . 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers : F. Garc ía -Arenal , K. J. 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers : P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain : Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers: C . S . Goo dm an and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente . 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall , A. P. Wolffe, R. J. 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J. M. Redondo , P. Matthias 
and S. Pettersson. 

87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J. Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­
nisms of Ion Channels. 
Organizers: J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 
Serrano. 
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90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers: J . A. Hoffmann, F. García­
Oimedo and L. Rivas . 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo­
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso, J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers: P. Sassone-Corsi and J . R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers: E. M. De Robertis and J. 
Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizer: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . L. Bos, J . C. Lacal and A. 
Hall. 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom­
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J. H. J. Hoeij­
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

Out of Stock. 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa­
tion. 
Organizers: E. Lanka and J . M. Carazo. 

1 03 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J . Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain : 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J . Schlessinger, G. Thomas, 
F. de Pablo and J. Mosca!. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate 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. 

From 1989 through 1999, a 
total of 136 meetings and JI 

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

were organized within the 
scope of the Centre. 
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The lectures summarized in this publica/ion 

were presented by their authors at a workshop 

held 0 11 the 271ft through the 291ft of March, 2000, 

at the Instituto Juan March. 

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

There is a limited edition of 450 copies 

of this volume, available free of charge. 


