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Real-time PCR assay, based on SYBRGreen I dye and LightCycler (Roche) fluorimeter, was
used to detect WIS2-1A transposon copy number in diploids (Triticum monococcum, and T. urartu,
traditionally indicated as AA), tetraploid (T. dicoccum, AABB) and hexaploid (T. spelta,
AABBDD). WIS2-1A was the first retrotransposon to be found in wheat, as an insertion of 8 Kb
into a High-Molecular-Weight (HMW) storage protein gene in T. aestivum; it is an ancient DNA
element that probably was already present in the diploid ancestor of the Triticeae.

Significant differences were observed in the WIS2-1A copy number both among species and
accessions within species. The lowest copy number was detected in diploids, with a slightly higher
values in tetraploids and hexaploids. Numerous studies had indicated a strong relation between the
retrotransposon copy number and genome size. However, recent results questioned this finding,
attributing to the A genome a higher transposable elements content than B and D genomes.

Present results confirm previous studies suggesting that the A ancestral genome may have
under-gone differential genome expansion prior to speciation, and that the retrotransposon copy
number is not linearly related to the ploidy level in wheat species.
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EVIDENCE OF GYPSY AND COPIA RETROTRANSPOSON
TRANSCRIPTION IN SUNFLOWER (HELIANTHUS ANNUUS)
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Retrotransposons are an ubiquitous and highly prevalent component of plant genomes. These
elements are referred to as "junk DNA", implying that they are inert as compared to the genes
required for cellular metabolism. So far, for some individual retroelements transcriptional activity,
stress-induced activation, translation, and integration at specific loci have been proved.

With the aim to study the activity of retrotransposon elements in sunflower (Helianthus annuus
L.), we have analysed genetic variability, within H. annuus and among several species belonging to
the genus Helianthus, using molecular markers based on retrotransposon sequences, as IRAP (Inter-
Retrotransposon-Amplification-Polymorphism, Kalendar et al. 1999). The IRAP products result
from two retrotransposons close enough to each other to allow amplification of a PCR fragment
between them. Interestingly, the extent of variabilty of wild sunflower was similar or even larger
than interspecific variability. This represents the first line of evidence of recent retrotransposon
activity in sunflower.

In other experiments we investigated the occurrence of retrotransposons activity in sunflower
embryos at four different developmental stages (7, 14, 21, 28 days after pollination). Using a partial
genomic library, different subfamilies of gypsy and copia retrotransposons have been described in
sunflower, based on their sequence similarity. Primers have been designed on consensus regions of
the integrase gene of three different gypsy-like subfamilies and of the RNAse-H gene of one copia-
like subfamily.

RT-PCR experiments performed with these primers showed amplification products with the
three gypsy and the copia primer pairs, indicating that these retroelements are transcribed at each
stage of development.

RT-PCR products, corresponding to each retroelement investigated, were cloned and
sequenced. All the sequences obtained belong to gypsy- or copia-like retroelements, and are not
inactivated by mutations. Consequently they could be functionally active. Ten out of twelve
sequences are different, indicating that retrotransposon transcriptional activity should be considered
as usual feature during embryo development.

Retrotransposon transcriptional activity is being detected in several tissues, such as leaves,
roots, and flowers to verify if it occurs also in the adult plant. Moreover, since retrotransposon life
cycle involves transcription, retrotranscription and integration back into the genome, we are
studying the occurrence of new insertions of retrotransposons in the embryos and plantlets, using
the IRAP technique, by means of primers designed on the outward portion of the LTRs belonging to
gypsy- and copia-like retroelements transcriptionally active during the embryo development.
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Due to its high yield and adaptation to certain environmental conditions, sunflower (Helianthus
annuus L.) is cultivated all over the world and is the fourth major annual crop grown for edible oil.
In spite of this, a satisfactory characterization of the chromosome complement of this species is
lacking. The large number (2n=34) and small size of the chromosomes and the striking similarity of
their morphology are factors that have impaired a reliable identification and classification of the
pairs. Contradictory data have been reported after studies carried out by using different methods of
chromosome investigation, and several chromosome pairs are still not discriminated. A more
precise characterization of the chromosome complement of the sunflower would be of great interest.
Identification of each chromosome pair would greatly benefit genetic improvement by increasing
the understanding of phylogenetic relationships between cultivated sunflowers and their related
wild forms, which can be exploited as a donor-source of genes for agronomically-important traits.
Moreover, pair recognition would make it possible to construct physical gene maps by assigning
genetically-mapped linkage groups of molecular markers to the single chromosomes. Currently, this
is impossible.

In situ hybridization using  repeated DNA sequences has been used successfully to characterize
other difficult chromosome complements. A repetitive DNA sequence, which was isolated in a
previous study of the H. annuus genome and termed HAG004N15, has been shown to be a tandem
array of 369 bp-long repeats, having a redundancy of about 7,800 copies per haploid genome in line
HOR. HAG004N15 repeats and the wheat ribosomal DNA probe pTa71, containing 18S-5.8S-26S
rDNA, were used to study  the metaphase chromosomes of lines HA89, RA20031 and HOR  by
fluorescence in situ hybridization. After hybridization of HAG004N15 repeats, signals were
observed at the end of both chromosome arms in four pairs, and at the end of only one arm in eight
other pairs. Signals were also observed at the intercalary (mostly subtelomeric) regions in all the
pairs, in both arms in eight pairs and in only one arm in the other nine pairs. The shorter arm of one
pair was labelled entirely. The localization of hybridization signals was the same in all the
chromosome complements studied, but appreciable differences were seen between complements



concerning the relative intensity of labelling at given chromosome sites. In all lines, four
chromosome pairs bore ribosomal cistrons at the end of their shorter arm, but a satellite was only
seen in three pairs. The patterns of chromosomal localization of HAG004N15-related sequences
allowed all of the complement pairs to be distinguished from each other with certainty.
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St. John’s wort (Hypericum perforatum L.) is a medicinal plant that produces pharmaceutically
important metabolites with antidepressant and anticancer activities. It is additionally regarded as a
serious weed in many countries. Recently gained information has shown that H. perforatum is also
an attractive model system for the study of apomixis. This species is characterized by a relatively
small genome size, being 1C=0.650 pg which corresponds to about 630 Mbp, and a versatile mode
of reproduction, ranging from complete sexuality to nearly obligate apomixis. It has a basic
chromosome number equal to 8, and its wild populations are composed mainly of tetraploids
(2n=4x=32), although diploid (2n=2x=16) and hexaploid (2n=6x=48) chromosome numbers have
also been reported. It is known that diploid genotypes are sexual whereas polyploids reproduce by
pseudogamous facultative apomixis. Embryo sacs may be either reduced (meiotic) or unreduced
(aposporic) and both types of egg cells may be either fertilized (gamic) or develop
partenogenetically (agamic), resulting in six possible categories of progenies. A better
understanding of its reproductive and inheritance patterns is required to facilitate the identification
of genetic factors associated with apomixis. Molecular markers and linkage maps are basic
investigative tools which have not been extensively used to analyze the genetic control of apospory,
parthenogenesis and apomixis within this system. The recovery of molecular markers linked to the
mode of reproduction and related to the expression of apomictic determinants is a preliminary step
towards the understanding of the genetic control and molecular regulation of apomixis in H.
perforatum. Fine mapping of the chromosomal regions that control the expression of apomixis is
also a major requirement for the isolation or validation of candidate genes for apomixis. To gain an
insight into the genome organization and inheritance pattern of H. perforatum, a molecular analysis
at the diploid level has been attempted using random and sequence-specific DNA markers for either
anonymous or coding regions. Amplified fragment length polymorphism (AFLP) along with simple
sequence repeat (SSR) and target region amplification polymorphism (TRAP) markers were
developed and analyzed in a hybrid population which was created by crossing diploid sexual plants
from two unrelated ecotypes, each chosen for antagonist morphological traits. The construction of a
first genetic linkage map for sexual H. perforatum using a two-way pseudo-testcross strategy is
presented. The development of informative molecular marker systems (microsatellites and



arbitrarily chosen multigene family domains) for H. perforatum and their application to genetically
characterize apomictically reproducing polyploid H. perforatum is also reported and discussed.

This work was supported by grants from the Ministry of University, Research, Science and
Technology (Year 2005), Project: Genetic aspects of seed production: genomic and functional
characterization of candidate genes for apomictic reproduction.
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Tuber magnatum, reproductive mode, life cycle, SSR, mycorrhizal species

Tuber spp. are ectomycorrhizal ascomycetes that produce ascocarps known as truffles. Thanks
to their distinctive taste and aroma, the fruit bodies of some truffles are greatly appreciated and
commercialised worldwide. Many basic aspects concerning these fungal species have not been fully
elucidated yet. One of the most elusive goals has been discerning the Tuber spp. reproductive
system. As a matter of fact, the reproductive structures of these species have not been described in
pure culture, axenic spore germination remains an unresolved problem and the mating type genes
have never been characterized in truffles. To date, Tuber melanosporum Vittad. and Tuber
magnatum Pico, the finest black and white truffle species, respectively, have been regarded as
selfing species. This model was based on evidence that neither SSR, SNPs nor allozyme markers
were heterozygous in either T .magnatum or T. melanosporum truffles and on the assumption that
the ascocarps are diploid (dikaryotic) structures (Lanfranco et al. 1995; Bertault et al 1998; Bertault
et al. 2001; Mello et al. 2005). We recently used simple sequence repeat markers and a large survey
of natural populations to show that extensive genetic exchange occurs within T. magnatum
populations,which suggests that this truffle outcrosses (Rubini et al. 2005). We interpreted the lack
of heterozygotes to mean that haploid, maternal tissue is the dominant component of truffle
ascocarps while paternal DNA is not easily recoverable. Such partitioning of genetic material
typifies many ascomycetes.

To test this hypothesis, we used polymorphic species-specific microsatellites (Rubini et al.
2004) to compare the allelic configurations of asci with those from the network of the surrounding
hyphae in single Tuber magnatum truffles. We then used these truffles to inoculate host plants
following the procedure described by Rubini et al (2001) and evaluate the SSR configurations of the
resulting mycorrhizal root tips.

These analyses provided direct evidence that T. magnatum outcrosses and that its life cycle is,
differently from what reported previously,  predominantly haploid (Paolocci et al. 2006). In addition
to its scientific significance, this basic understanding of the T. magnatum life cycle may have
practical importance in developing strategies to obtain and select nursery-produced mycorrhizal
plants as well as in the management of artificial plantations of this and other Tuber spp.

References:
Bertault G., et al. 1998. Nature 394:734.
Bertault G., et al. 2001. Heredity 86:451–458.
Lanfranco L., et al. 1995. Biotechnology of ectomycorrhizae. Molecular approach. Plenum
Press, New York, N.Y. p. 139–149.
Paolocci F. et al 2006. Appl. Environ. Microbiol  72 :2390-2393.



Rubini A., et al. 2001. Mycorrhiza 11:179–185.
Rubini A., et al. 2004. Mol. Ecol. Notes 4:116–118.
Rubini A., et al. 2005. Appl. Environ. Microbiol. 71:6584–6589.
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In plants, the class 1 (KNOTTED1-like) KNOX family plays an important role in the formation
and maintenance of shoot apical meristem. KNOX proteins are members of the homeodomain
protein family of transcription factors that are found in all eukaryote lineages and are known to
function as heterodimers with other homeodomain superclass proteins (BELL).

Four members of class I KNOX  are present in the Arabidopsis thaliana genome. Their
expression is first detected as the meristem initiates in the embryo and disappears from the cells that
will form leaf primordia. During the transition between vegetative to reproductive stage, the
expression pattern of different KNOX  members diverges. STM localises across the apical meristem
and in the apex of the developing floral primordium. KNAT1 transcript is detected in the early floral
primordium in what will become the pedicel and, as the pedicel develops, the expression persists in
the cortex next to the vascular tissue. KNAT2 is not active in the inflorescence meristem, it is
reactivated subsequently in stage 3 floral meristems and finally becomes restricted to the carpel.

Overexpression of KNOX genes in different plant species strongly affects cell fate. The altered
cell differentiation produces dramatic changes of the whole plant architecture and alters leaf
morphology. Vegetative-to-reproductive transition is also affected by the misexpression of KNOX
genes, as well as inflorescence meristem formation and flower organ development.

We have isolated KNOX genes in Medicago truncatula, a model species for legume biology
and development, as part of a Post-Genome Initiative – FIRB (Funds for Investing in Fundamental
Research) RBN018BHE, funded by the Italian Ministry of University and Research (MIUR).

Here we present the analysis of MtKNOX expression during vegetative and reproductive
development. Expression profiles of Arabidopsis and M. truncatula KNOX genes will be compared
in order to retrieve information and hints on possible molecular and genetic conservation of
homeobox transcription factor function during vegetative-to-reproductive transition.
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Petunia hybrida, mei2, mip1, meiosis, RNAi

The plant life cycle alternates between a diploid sporophyte and a haploid gametophyte.
Meiosis in plants represents the transition from the sporophyte to the gametophyte generation. In
higher plants, meiosis takes place in specialized cells called sporocytes, which are formed in anthers
and ovules. Many of the genes encoding basic structural components of meiotic machinery common
to all eukaryotes are highly conserved also in yeast and other organisms. For instance, in S. pombe,
an eukaryote organism considered as a model for studying meiosis, the genes mei2 and mip1 play a
fundamental role in this process. In particular, MEI2, an RNA-binding protein, is responsible for the
synthesis of pre-meiotic DNA in the cytoplasm, whereas in the nucleus it promotes the first meiotic
division. MIP1 is a WD-repeat protein that interacts weakly with MEI2 in the cytoplasm, likely
helping MEI2-folding, but its function remains unknown and may be more complex.

The aim of this work is to elucidate the role of mei2 and mip1 genes in the meiosis process of
Petunia hybrida. To gain further insights of their biological role, the two genes were isolated,
molecularly characterized and a loss-of-function approach was carried out.

A post-transcriptional gene-silencing of both mei2 and mip1 genes was induced independently
in plants of Petunia hybrida cv. Mitchell by means of RNAi technique. No visible phenotypic
alterations were observed in the silenced plants. Therefore, mei2 and mip1 RNAi plants were
crossed to generate single plants with double interference. The cytohistological characterization of
embryo sac and pollen development in T2 double silenced plants is reported and discussed. Patterns
of megagametogenesis and microsporogenesis were investigated, and functional analysis of pollen
viability and embryo sac fecundity was also performed. The role of P. hybrida mei2 and mip1 genes
is also reviewed.
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In angiosperms the late phase of stamen development consists of three main processes -
filament elongation, pollen maturation and anther dehiscence - and is coordinated with the
development of the pistil. We previously demonstrated a role for the hormone auxin on stamen and
pistil development (1), by means of the localized expression of rolB, an Agrobacterium oncogene
that mimics the effects of this hormone (2). pDMC1:rolB tobacco plants, containing the promoter of
the Arabidopsis gene DMC1 (3), fused to the rolB coding region, plants display shorter filaments as
compared to controls, a severe delay in anther dehiscence and alterations in male and female
meiosis. These developmental alterations could be phenocopied by application of exogenous auxin.

We isolated a tobacco gene, ROX1, acting downstream of rolB, overexpressed in pDMC1:rolB
anthers, at all developmental stages. Plants with reduced levels of ROX1 mRNA, due to the
expression of a ROX1-antisense construct, have flowers with stamens and pistils longer than
normal, due to an increased number of cells. Longer stamens of antisense plants show a delayed
xylem differentiation while the shorter stamens of pDMC1:rolB plants show a precocious
differentiation of xylem cells and a reduced number of cells. In agreement with these data
expression of ROX1 in stamens is mostly localized in procambial cells. The results of this study
indicate a role for ROX1 in procambial cell proliferation and xylem differentiation during stamen
development (4). The sequence of ROX1 shares conserved elements with a number of plant genes,
among which three genes of Arabidopsis. We are currently analysing the expression pattern of these
genes during stamen development in Arabidopsis and characterising monogenic mutants.

1. Cecchetti V., Marsilio S., Pomponi M., Altamura M.M., Pezzotti M., D’Angelo S., Tornielli
G.B., Costantino P. and Cardarelli M. (2004) Plant Journal 38, 512-525

2. Cardarelli M., Mariotti D., Pomponi M., Spanò L., Capone I., Costantino P. (1987). Mol Gen
Genet 209: 475-480

3.Ulmasov T., Murfett J., Hagen G., Guilfoyle TJ (1997) Plant Cell 9:1963–1971
4. Cecchetti V., Altamura M.M., Serino G., Pomponi M., Falasca G., Costantino P. and

Cardarelli M.(2006) Submitted
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In Barley, the dominant Hooded (K) phenotype is associated with the duplication of a 305 bp
element in intron IV of the knox gene BKn3. This regulatory element seems to act as an enhancer
and causes Bkn3 ectopic expression in the lemma-awn transition zone, leading to the formation of a
new meristem that develops into an epiphyillic flower.

A one hybrid screening aimed at isolating putative regulators of the BKn3 gene uncovered four
different proteins capable of interacting with the 305 bp element (K Intron Binding Proteins,
KIBPs).

In order to gain insight into their role in Bkn3 regulation, recombinant KIBPs have been
expressed in different prokaryotic systems and the full length proteins have been purified by affinity
chromatography.

In vitro binding of KIBPs to the 305 bp enhancer has been confirmed by
ElectroMobilityShiftAssay (EMSA) and the minimal binding sites have been assessed.

As there is no clear association between KIBP loci and mutations already mapped and
characterised in barley, the in vivo function of KIBPs has been investigated in the model species
Oryza sativa. Screening of insertional mutant collections has yielded stable lines carrying mutations
in two KIBP-related genes. Thus, the morphogenetic effects of KIBPs loss of function have been
investigated in transgenic rice plants; in the first line, a Ds insertion causes defects in tillering and
internode elongation, while in the second line, a t-DNA insertion is responsible for lethality in 4
weeks-old seedlings.

In addition, a complementary screening for gain of function (overexpressors) rice plants for the
four KIBP genes is under way.
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At5g63860 is a single copy gene in A. thaliana genome, previously identified by a
complementation analysis of the osmotic unstable mpk-/ppz1- yeast mutant.

It encodes a 440 aa protein, containing seven putative beta-propeller domains, conserved in
several proteins with very different biological functions, ranging from signal transduction,
transcription regulation, to apoptosis and cell cycle regulation.

Except for the involvement in UVB response (Brown et al, 2006- PNAS 102: 18225-18230),
the function of this gene is far to be completely uncovered. It was previously demonstrated, by a
gain and loss approach, that the gene might act as a negative regulator of Arabidopsis plant growth.
Western blotting analysis revealed a direct correlation between plant vegetative growth and the
threshold protein levels.

To further characterize the At5g63860 locus, its cDNA was fused to YFP in the binary vector
pBin19 under the control of the CaMV35S promoter and introduced in Arabidopsis plants via A.
tumefaciens. Confocal microscopic analysis of transgenic lines expressing the fusion protein
revealed that the protein AT5G63860 is localized in the root apex and in the plasma membrane.

To test if the gene product encoded by the At5g63860 locus were somehow involved in the cell
cycle, the expression of At5g63860 gene was monitored in the Arabidopsis cellular line MM2d
treated with specific chemical inhibitors of late G1, G1/S, G2/M cellular phases.  Additional data on
the putative role of this unknown protein were obtained by treating the cells with several external
stimuli (ABA, NaCl, ACC, BAP, GA3, H2O2, myoinositol, glucose, PEG, starvation, etc).

The data will be discussed altogether to establish a casual relationship between the gene
product of the At5g63860 locus, its cellular localization and vegetative growth and reproductive
differentiation.
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Petunia hybrida, expansin, wall extension, gene function, development

In plants, organ shape is determined by organised and regulated control of cell expansion and
division.

The enlargement of the primary cell wall largely determines the expansion pattern and thereby
the final shape and size of the cells.

Cell wall proteins are believed to play important roles in regulating cell wall extensibility
which is a key parameter determining cell expansion.Expansins are unique in their ability to induce
immediate cell wall extension in vitro and cell expansion in vivo. Studies of expansin gene
expression indicate that different expansin genes are expressed in different organs, tissues and cell
type, and they respond distinctively to such treatments as hormones, light and pollination.

The reverse genetics approach based on transposon mutagenesis was used to study the function
of Petunia hybrida expansin genes.

We isolated two insertion alleles: the first in an exon of the PhEXP1 and the second in the
promoter region in Petunia hybrida W138. The plants with the homozygous insertion of dTph1
transposon element in the exon did not display morphological alterations, whereas  the plants with
the insertion in the promoter showed morphological alterations affecting the flowers. PhEXP1
expression levels in mutant plants were characterised by Real-Time RT-PCR. In mutant plants we
also analysed expression levels of two other expansin genes isolated in  Petunia hybrida: PHEXP2
and PHEXP3. To improve characterisation of this morphological alteration we transferred the
transposon insertion to the promoter region in Petunia hybrida W115.
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shoot development, maize, shootmeristemless mutant, fused leaves mutant

The isolation of genes affecting plant shoot formation is an important prerequisite for
understanding the logic of plant development as well as for manipulating plant architecture. To this
aim, maize transpositional mutagenesis has been adopted in our laboratory and has led to the
isolation of different developmental mutants that are currently under study. Two of them,
shootmeristemless  (sml) and fused leaves (fdl), are presently described. Their locations, on the long
arm of chromosome 10 and chromosome 7 respectively, have been established by traditional B-A
translocation mapping and subsequently by linkage analysis with visible, as well as molecular,
markers.

The sml gene is a recessive mutation affecting shoot apical meristem maintenance and lateral
organ formation. Its introgression in different genetic backgrounds has highlighted the epistatic
interaction between  sml and  the unlinked distorted growth (dgr) locus. Seeds homozygous for both
sml and dgr loci have a shootless phenotype whereas Dgr/-sml/sml seeds produce plants with
altered fillotaxis and abnormal leaf morphogenesis. Microscopy analysis of young dgr primordia
will be presented showing that the mutation does not interfere with epidermis formation although
cell shape is less regular than in the wild-type.

The fdl mutation confers a pleiotropic phenotype to the maize plant, which is specifically
confined to the juvenile phase. The lack of a regular coleoptile opening that in normal development
occurs after germination, is one of the fdl specific traits that we are presently investigating, for its
putative relationship with the programmed cell death (PCD) process. We will present preliminary
data on the cloning of the fdl gene along with a description of the strategy we have undertaken for
the isolation of novel alleles. They will constitute proof for the gene identity and will provide new
genetic material suitable for functional studies.
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flowering, FLC, vernalization, Arabidopsis

In biennal and winter annual ecotypes of Arabidopsis thaliana, flowering is typically blocked
in the first growing season. Exposure to prolonged cold temperature, in a process called
vernalization, is required to remove this block and permit flowering in the next growing season. In
late-flowering ecotypes of Arabidopsis, a flowering repressor, FLOWERING LOCUS C (FLC), is
expressed at such high level to inhibit flowering in the first growing season. The delayed flowering
is due to dominant alleles of FRIGIDA (FRI) and FLC. FRI elevates expression of FLC to levels
that suppress flowering. FLC inhibits the transition to flower by repressing the expression of the
genes named Floral Pathways Integrators (such as LFY, FT and SOC1). These genes are able to
integrate a balance of stimulations originating from the different pathways inducing flowering and
convert these inputs into an induction of FMI (Floral Meristem Integrators) genes, thereby initiating
the production of the first floral meristems.

Vernalization is the main process promoting flowering by the repression of FLC. Therepression
involves epigenetically stable modifications in FLC chromatin that include dimethylation of histone
H3 at Lys9 (H3K9) and Lys27 (H3K27). Summer-annual accessions of Arabidopsis flower rapidly
without vernalization, due to a mutation in an active FRI allele or due to the presence of a weak
FLC allele; in both cases the levels of FLC expression is low compared to the wild type.

Wild chicory (Chicorium intybus L.) is a biennial species which requires vernalization to
flower. Chicory is economically important for its use as vegetable and as an industrial raw material
to obtain inulin from roots. In Italy different types of chicory (the so called italian red and variegate
types) have been selected by farmers. These types show quite different classes of precocity in
relation to flowering.

We are investigating the molecular mechanism that regulate the switch to flower in chicory, to
verify whether such mechanism is the same that controls flowering in Arabidopsis, and finally,
address the diversity of the classes of precocity to one of the cases known for this model plant. A
cDNA sequences with high homology to AtFLC was identified and a detailed expression analysis
was carried out in chicory plants. Transgenic arabidopsis and chicory plants will be produced to
functionally characterize this gene.
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MADS-box genes, flower development, Triticum, gene expression, phylogenesis

Molecular and genetic analyses of floral homoeotic mutants in Arabidopsis resulted in the
formulation of the ABCDE model, which explains how the combined functions of five classes of
genes (A, B, C, D and E) determine the identity of the organs (sepals, petals, stamens and carpels)
of the four concentric floral whorls and ovules. A number of genes controlling these functions have
been cloned and most of them are members of the MADS-box gene family. The four E class
MADS-box genes SEPALLATA (SEP1-4) of Arabidopsis, which play an essential role in floral
development and meristem determinacy, accomplish largely redundant functions, in fact mutants
for single sep genes have very subtle phenotypes. On the contrary, flowers of sep1/2/3 triple
mutants consist entirely of sepal-like organs, whereas those of sep1/2/3/4 quadruple mutants show
leaf-like structures only. Within the MADS box gene phylogenetic tree SEP genes form a well-
represented subfamily, which can be further subdivided into two major clades: SEP3 and SEP1/2/4,
wherein several gene duplications have been detected in monocot and eudicot lineages. At least five
subclades have been detected in grasses, three in the SEP1/2/4 clade and two in the SEP3 clade,
suggesting that they may have experienced at least three gene duplications. The orthologous SEP
genes of rice and maize show different expression patterns, this heterogeneity suggests that SEP
genes in grasses are not functionally homogeneous and might have been important in the evolution
of their complex inflorescence. Much less is known on the SEP genes of wheat, wherein only seven
MADS box genes of six different subfamilies had been isolated. A search in wheat EST databases
detected many sequences homologous to SEP genes of rice and maize and 70 of them were cloned
by RT-PCR from mRNA of fully emerged wheat spikes. On the basis of their sequences the 70
clones formed six groups and full-lenght cDNAs of six clones (WM4, WM5, WM10, WM11,
WM19 and WM20), one for each group, were obtained by RACE extension. Phylogenetic analysis
of several monocot and eudicot SEP genes indicated that the six wheat full-length sequences could
be assigned to the five grass subclades of the SEP subfamily: WM11 and WM10 to the OsMADS7
and OsMADS8 subclades (SEP3 major clade), respectively, WM4 and WM5 to the LHS1 subclade
and WM19 and WM20 to the OsMADS34 and OsMADS5 subclades (SEP1/2/4 major clade),
respectively. The expression patterns of the cloned sequences were analysed by northern and RT-
PCR in different wheat plant and floral tissues. The six wheat cDNA sequences were expressed
during all the stages of spike development and in developing caryopses. However, in spikelets at
heading time the expression of WM10 and WM11 was restricted to lodicules, stamens and pistils,
whereas lower amount of transcripts of WM4, WM5, WM19 and WM20 were also detected in
lemmas and paleas. The expression of WM10, WM11 and WM20 was restricted to inflorescence
tissues and caryopses, but a low amount of WM4, WM5 and WM19 transcripts was also present in
vegetative tissues, such as coleoptiles and leaves. Further analyses of the six cloned SEP cDNA



sequences will include: I) evaluation of their copy number per genome and chromosomal location
by Southern analysis; II) quantitative expression analysis by real-time RT-PCR in different plant
and floral tissues at heading time; III) in situ hybridisation to floral organs of spikes at different
developmental stage; IV) quantitative expression analysis of spring and winter cultivars of wheat
grown at different conditions of thermo- and photo-period collected at the stage of floral transition.
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insertional mutants, cell cycle, plant reproduction

A novel family of proteins (Mob1, Mps-one-binder) has been demonstrated to be important for
both mitosis completion and cell plate formation in yeast. This family includes a group of cell
cycle-associated proteins highly conserved in eukaryotes, whose founding members are implicated
in mitotic exit and co-ordination of cell polarity with cell cycle progression. Mob1-related proteins
have been also found in animals. Although there are data to suggest that Mob1 proteins act as
kinase activating subunits in higher eukaryotes, their function remains to be proved. Present
findings imply animal and yeast Mob1 have similar functions. The key role of Mob1 in plants is
poorly understood.

Recently, we cloned two Mob1-like genes from alfalfa (Medicago sativa). Overall results
proved that Mob1-like proteins are involved in cell proliferation and are localized in the cell
division plane during cytokinesis. In addition, Mob1-like genes showed to play a key role during the
reproductive pathway in plants: localization of their transcripts and proteins was associated to
meiotic division abnormalities and programmed cell death within reproductive organs. The
involvement of Mob1 genes in cell cycle control and programmed cell death is also supported by
recent data collected in Arabidopsis thaliana and Drosophila melanogaster.

The aim of this work is to elucidate the role of Mob1 genes in plants. To gain further insights
on their function, two Arabidopsis Mob1-like genes were bioinformatically, genetically and
molecularly characterized. Reproductive organs of Arabidopsis Mob1-like mutants (loci At5g45550
and At4g19050) were also investigated by means of cytohistological techniques.

Protein database searches disclosed ovary-specific Mob1 gene products in nematodes, human,
rat and mouse organisms. Moreover, it has not escaped our notice that Mob1 can be a component of
multi-domain proteins. The Mob1/phocein domain (pfam03637) can be combined (e.g . in
Arabidopsis and rice) in complex proteins with elements of the NB-ARC domain (pfam00931), a
signaling motif shared by cell death gene regulators, as well as with motifs of the LRR domain
(pfam00560). Proteins containing a highly conserved Mob1 domain include also receptors for
ubiquitination targets (F-box), Seryne/Threonine and Tyrosine kinases as well as CBL-interacting
kinases.

Functional analysis of Mob1-like genes was attempted by using T-DNA tagged Mob1 mutants
of Arabidopsis obtained from the SALK Institute. A number of selfed progeny plants were used for
genetic analysis and assayed by PCR with specific primer combinations. Segregation patterns were
not significantly deviating from the expected ratios for both Mob1-like genes. Arabidopsis Mob1-
like genes proved to be highly expressed in roots and siliques and less expressed in stems and
leaves. The amount of transcripts was intermediate in flowers although both genes were shown to



be upregulated during meiosis and gametogenesis. A closer inspection of the quantitative data
showed that gene expression of At5g45550 was higher than At4g19050 (from 2 to 3-fold times).
Plants that displayed a double dose of the allele carrying the T-DNA were investigated on the basis
of plant morphological traits and cytohistological observations of meiosis and gametogenesis.
Neither sporophytic nor gametophytic alterations were observed. Therefore, single insertional
homozygous mutants were crossed to generate double mutants with either T-DNA tagged genes.
Results of Arabidopsis Mob1-like gene segregation and expression are reported and the potential
role of plant Mob1 genes discussed.
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Protein Disulfide Isomerase (PDI), over-expression, D1x5, promoter study, Triticum aestivum L.
cv. MPB Bobwhite 26

Protein Disulfide Isomerase (PDI) is a multi-domain (abb’a’c’), multifunctional redox protein
belonging to the thioredoxin (TRX) super-family. PDI comprises the two TRX catalytic domains a
and a’, containing the characteristic CXXC active-site motive catalysing thiol-disulfide exchange
reactions in peptide and protein substrates, and two non catalytic domains, b and b’, which do not
show any significant homology to thioredoxin, but whose secondary structure is similar to the TRX
fold. The b’ domain provides the protein binding site and is required for simple isomerization
reactions along with one of the TRX catalytic sites. The c domain at the C end is rich in acidic
residues typical of calcium binding proteins and has a KDEL sequence for Endoplasmic Reticulum
(ER) protein retention. PDI is in fact abundant in the ER, whose lumen is a major site of protein
folding and is rich in folding factors and chaperones. PDI exhibits disulfide oxido-reductase activity
allowing the reduction, oxidation or isomerization of disulfides as well as a chaperone function. In
plants information on structural and functional aspects of PDI is still very limited. After cloning and
characterizing the three homoeologous PDI genes in wheat, as well as their promoter sequences, we
investigated their expression pattern through RT-PCR and northern blot analyses. PDI transcripts
where present in several wheat tissues, but their expression was much higher and at similar levels in
immature caryopses. These studies, along with intracellular localization in wheat and maize and the
characterization of esp2 mutants of rice, indicated that PDI is involved in the correct formation of
disulfide bonds, protein folding and assembling of protein bodies. Seed storage proteins of wheat
are synthesised in the developing endosperm and targeted to the ER lumen, wherein they are folded
and connected by intermolecular disulfide bonds to form large aggregates, whose molecular weight
is related to higher dough elasticity and technological quality. In order to elucidate further the
specific biological function of wheat PDI, we used particle bombardment to obtain transgenic wheat
plants with altered PDI expression levels. Plants of Triticum aestivum (cv. MPB Bobwhite 26) were
co-transformed with the pAHC25 plasmid, containing the selectable marker gene bar and the
reporter gene GUS (uisA), and with the plasmid carrying the over-expression construct, wherein the
wheat PDI coding sequence was placed under the control of the wheat Glu-1D-1 promoter, which
confers a high level of seed-specific expression. Currently the T0 regenerated plants, selected in
tissue culture by the basta herbicide, are being grown in the bio-safety green house (CIMMYT int.)
for further molecular and morphological analyses. We also intend to shut down the wheat PDI gene
through hpRNAi silencing using the pFGC5941 plasmid. Consistent with the higher PDI expression
in developing caryopses than in other tissues, the search of the promoter sequences in the database
PlantCARE detected a number of different cis-acting regulatory elements, such as the motifs



AACA, GCN4, prolamin box, RY element and Skn-1, involved in the endosperm specific gene
expression. To elucidate the regulatory mechanism controlling the PDI gene expression, we put the
GUS reporter gene under the control of the whole wheat PDI promoter as well as of three partial
promoter sequences obtained through progressive deletions of its 5’ distal end. As for the over-
expression construct, we co-transformed cv. MPB Bobwhite 26 with one of the plasmid containing
the GUS construct and the pAHC20 plasmid containing only the selectable marker gene bar. T0
plants are currently cultivated.
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maize HDACs, subcellular localization, Nicotiana tabacum, GFP constructs

Histone acetylation and deacetylation play an essential role in modifying chromatin structure
and regulating gene expression in eukaryotes during cell differentiation and development.
Acetylation/deacetylation of histone tails constitutes a signal that may function in combination with
other covalent modifications to generate an epigenetic code. Histone deacetylases (HDACs) are
grouped into three classes based on their similarity to known yeast histone deacetylases, and it is
well-known that HDACs work in large multiprotein complexes with transcriptional co-repressors.

Basic features of histone deacetylation in plants resemble those of other eukariotes, but there
are also some differences, reflecting that growth and morphogenesis in plants continue throughout
their life.

While human class I deacetylases localize in the nucleus, with the exception of HDAC3, a
peculiar feature of class II HDACs is their ability to shuttle between the nucleus and the cytoplasm
in a cell-type and signal-dependent manner. Recent studies have demonstrated that HDACs
subcellular localization is a key element in regulating their activity. This nucleocytoplasmic
shuttling of HDACs is mediated by a phosphorylation-dependent binding of 14-3-3 protein to the
N-termini of class II HDACs.

Maize represents one of the best-characterized system for studies of plant HDACs. In a
previous work we investigated the role of the maize Rpd3-like HDAC genes ZmHDA101,
ZmHDA102 and ZmHDA108, during plant development and differentiation. This study showed that
the three ZmHDA transcrips are ubiquitously expressed in all the analyzed maize organs and that the
proteins localize in all cellular domains during different stages of shoot, anther and kernel
development.

Recently, it has been demostrated that Arabidopsis thaliana histone deacetylases 1 (AtHD1 or
AtHDA19), an ortholog of yeast RPD3, is localized in the nucleus presumably in the euchromatic
region but not in the nucleolus, while AtHDA6 and AtHD2 are present in the nucleolus. However, a
few studies have been performed so far concerning the subcellular localization of plant HDACs and
the regulation of their activity.

In this study we investigate the subcellular localization of ZmHDA101 and ZmHDA108 by
transient transformation of tobacco and maize protoplasts with ZmHDA101/108-GFP chimeric
constructs. Immunolabeling experiments are also performed on different maize tissues of B73 line
and of antisense and overexpression mutants of ZmHDA101, using a specific anti-ZmHDA
antibody. These experiments reveal that the two ZmHDA have a peculiar behavior, different from
the ortholog AtHD1 and human class I HDACs, as they localize in both the nucleus and cytoplasm,
frequently at the same time. This suggests a kind of nucleocytoplasmic shuttling, although no



nuclear localization and/or nuclear exporting signals has been identified in these maize deacetylases
so far. The nuclear localization seems to exclude the nucleolus as AtHD1. The cytoplasmic
localization is not diffuse, but shows a “foci”-like and/or a cytoskeleton-like pattern, thus
suggesting a precise modulation of ZmHDA activity, maybe in a cell-cycle and cell-type dependent
manner. The immunolocalization experiments confirm the presence of HDACs in both the nucleus
and/or cytoplasm in cells of different tissues, indicating a cell-type preferential protein localization.
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The first identified plant homeobox gene, KNOTTED1 (KN1; Vollbrecht et al., 1991), isolated
from maize, provided evidence that plant homeobox genes, similar to those of animals play
important role in regulating developmental processes. KN1-like homeobox (KNOX) genes have
been grouped into two classes, I and II, based on sequence similarity and expression patterns. The
overexpression of class I KNOX genes induces disparate, species-specific phenotypes including
ectopic meristem formation, delayed cell-fate acquisition, indeterminate growth patterns, increased
leaf lobbing and super-compound leaf morphology. Null mutations of KNOX genes may abort the
development and/or maintenance of shoot apical meristems (SAMs). Recently, we have isolated a
cDNA full-length sequence of class I KNOX  gene from Helianthus tuberosus (HtKNOT1).
HtKNOT1 mRNA transcripts were detected in vegetative shoot apices and stem internodes, while
leaves (blades and veins) and petioles did not accumulate any detectable HtKNOT1 transcripts
(Chiappetta et al., 2006). Here, we have investigating the possible role of HtKNOT1 in controlling
development of the inflorescence in Helianthus. The inflorescence of sunflower is heterogamous.
Ray flowers are characterized by three elongated petals fused to form strap-like structures
surmounting a short corolla tube. They are located in the outermost whorl of the head and are
sterile, retaining only filamentous remnants of the aborted stamens and/or style and large flat
ovaries with no ovules. Disk flowers are hermaphrodite, carrying both male and female organs.
Each disk flower is subtended by a sharp-pointed chaffy bract, and it consists of an inferior ovary
carrying a single ovule, two pappus scales and a five-lobed tubular-like corolla. The five anthers are
joined together to form a tube, with separate filaments attached to the base of the corolla tube.
Inside the anther tube is the style, terminating in a divided stigma with receptive surfaces in close
contact in the bud stage before the flower opens. Inflorescence meristems of H. annuus and H.
tuberosus showed HtKNOT1 expression in the region of the floret meristem, in the developing
organ primordia (i.e. floral bracts, petals, stamens and carpels). In older florets strong expression of
HtKNOT1 is seen in developing ovule. Notably, in the anthers of Helianthus HtKNOT1 expression
is also seen in pollen mother cells, in the tapetum and in the first and second mitotic division of
developing pollen. Several class I KNOX genes are known to be involved in carpel development
(Janssen et al., 1998; Pautot et al., 2001; Tioni et al., 2003). By contrast, involvement of KNOX
genes in stamen development is limited to primordia initiation (Janssen et al., 1998; Sentoku et al.,



1999). If HtKNOT1 is indeed involved in microsporogenesis then that a new function of the class I
KNOX genes will be identified.
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Kalanchoe daigremontiana, homeobox  genes, knox genes

Kalanchoe daigremontiana (Crassulaceae) forms epiphillous buds on leaf margin notches. In
an attempt to identify knox genes involved in epiphilly, leaf tissue was collected before buds
formation. Following RNA extraction and cDNA synthesis, semi-nested PCR was performed using
anchored oligo-dT primer and degenerated primers designed on homeodomain sequence
(Kobayashi et al., 2000). PCR products were cloned and sequenced. Based on their sequence,
twenty cDNA fragments were classified in five groups. In order to identify full length coding
sequence, nested 5’ RACE was carried out using whole or digested cDNAs adaptor libraries. Work
is still in progress. Preliminary results show that predicted proteins from sequenced genes fit in
KNOTTED-like homeobox (KNOX) protein family. These proteins are transcription factors
belonging to three-amino acid loop extension (TALE) superclass homeobox proteins, and can be
discriminate by their conserved DNA binding homeodomains, MEINOX domains and ELK
domains. KNOX proteins are further classified into two subgroups (Kerstetter et al., 1994; Bürglin,
1997). To class 1 KNOX protein belong several well known transcription factor as KNOTTED1
(KN1) from maize, SHOOT MERISTEMLESS (STM), KNAT1 and KNAT2 from Arabidopsis,
that play an important role in meristem formation and maintenance. Class 2 KNOX genes are
expressed in all tissue and their function are not clear. Four of the knotted-like genes identified in K.
daigremontiana belong to class 2 and one to  class 1 KNOX genes.
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artichoke, acyltransferase isolation, phenylpropanoid biosynthesis

Many secondary metabolites found in plant tissues are of high pharmaceutical interest although
they are usually present at low concentrations. Among therapeutic molecules produced by plants the
phenolic compounds are the most widespread.

Cynara cardunculus species is source of biopharmaceuticals and its leaf extracts have been
widely used in herbal medicine as hepatoprotectors and choleretics since ancient times. In Cynara
cardunculus extracts the dominating phenolic compounds are di-caffeoylquinic acids (e.g. cynarin),
which originate from the metabolism of phenylpropanoids, along with their precursor chlorogenic
acid (CGA).

In order to identify new ways of production, it is important to acquire new knowledge on the
biosynthetic pathways of exploitable secondary metabolites. The aim of our study was to identify
genes encoding acyltransferases involved in caffeoyl quinic acids synthesis.

mRNAs were extracted from globe artichoke leaves and the cDNAs generated by reverse
transcription. Degenerated primers were designed with CODEHOP strategy on conserved regions of
orthologous HCT (hydroxycinnamoyl-CoA: shikimate/quinate hydroxycinnamoyltransferase) and
HQT (hydroxycinnamoyl-CoA quinate: hydroxycinnamoyltransferase) proteins from tobacco, with
the objective to amplify in artichoke the HCT and HQT cDNA by PCR. A translated database
search revealed high similarity, for two amplicons sequenced, with the tobacco HCT and the HQT
of tobacco and tomato, respectively. After successful full length HCT and HQT cDNA isolation, the
genes were cloned in plasmids and heterologously expressed in E. coli for protein recovery.

For HCT gene, reaction products were identified by HPLC: the expressed enzyme accepted
both caffeoyl CoA and p-coumaroyl CoA as substrates, with either quinate and shikimate to
synthesize caffeoyl quinate (i.e. chlorogenic acid), p-coumaroyl quinate, caffeoyl shikimate or p-
coumaroyl shikimate, depending on the substrates supplied. Moreover variable levels of HCT
transcripts (assessed by northern blot assay) were shown among wild and cultivated forms of C.
cardunculus subspecies. This level of expression was correlated with CGA content, supporting the
predicted involvement of HCT in the caffeoylquinic acids synthesis.



Analyses on the reactions catalysed by the second isolated enzyme (putatively HQT) are now in
process, to complete the investigation on the role of these acyltransferases in phenylpropanoids
biosynthesis.
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transcription factor, WRKY, gene famil, microarray

WRKY genes encode for a family of transcription factors characterized by having one or two
~60 aa consensus sequence characterized by a very highly conserved WRKYGQK motif together
with a zinc-finger domain that provides binding properties to DNA. All proteins so far analyzed
have shown binding specificity to the W-box motif (T)(T)TGAC(C/T). Initially believed to be
plant-specific, a single copy of a two-motif WRKY gene has been subsequently found in some
unicellular non-photosynthetic Eukaryota. In the plant kingdom an extended duplication and
diversification of this ancient WRKY gene has occurred. In Rice, indeed, 112 WRKY genes have
been identified distributed across all 12 chromosomes.

WRKY genes have been shown to be involved in the regulation of several cellular processes
such as control of metabolic pathways, drought and heat shock, senescence, development and
hormone signaling pathways.

However, the most studied role of this gene family appears to be in response to biotic and
abiotic stress stimuli.

Aim of this work is to perform a whole rice WRKY gene family transcription analysis upon
application of biotic and abiotic stress conditions to identify WRKY genes involved in signal
transduction pathways leading to resistance to external stimuli. Our objective is to investigate the
existence of "key transcriptional regulators" to biotic and/or abiotic type of stress in plants. To
achieve this goal our transcriptome data were integrated with microarray results obtained by NIAS
in Japan using a rice genome-wide microarray.

Bioinformatic analysis of set of data from both our WKRY thematic array and from the NIAS
Agilent 22K array points to the existence of co-regulated WRKY genes.

In an effort to test the involvement of WRKY genes of rice in plant response to pathogens, we
screened 15 lines containing a T-DNA insertion in WRKY genes, inoculated with host and non-host
strains of Magnaporthe grisea (isolates BR29, BR32 and FR13). No phenotype was detected in
such lines but a T-DNA insertion event in the promoter of OsWRKY55 showed a tissue-specific Gus
expression in roots, vascular tissues and in the cotyledon of a 10-days old seedling. According to
our phylogenetic analysis, this gene belongs to a subgroup of Monocot specific WRKY genes. A
more detailed analysis is currently ongoing to characterize the expression pattern of the WRKY55
gene and possibly to identify a phenotype correlating with the insertion.
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This work was focused on six wheat genes previously isolated in durum wheat using a
suppresion subtractive library and characterized by a coordinated fast induction in response to cold
and drought. After a careful databases comparison, an annotation or a putative function has been
ascribed to all of them: ribokinase, a chloroplastic amino acid selective channel protein, a
transmembrane protein belonging to the UPF0016 family, E3-RING-FINGER protein involved in the
ubiquitination pathway, nuclear farnesylated protein and E2-ligase involved in the sumoylation
pathway. Some of them were never reported as stress-related in any species. To elucidate their role
in the stress response we have identificated and analysed the arabidopsis homozygous T-DNA
knock-out lines carrying an insertion in sequences homologous to the genes isolated in response to
stress in wheat. All knock-outmutants showed the same stress-related phenotype when exposed to
moderate photo-oxidative conditions, a red leaves pigmentation due to anthocyanins accumulation,
an abnormal trichome development and a late flowering under short days. Based on literature data
these traits can be associated to ROS accumulation. To test the level of stress-tolerance of these
mutants we measured chlorophyll fluorescence (Fv/Fm) in response to photoinibition (1h at
2000microE and 10°C).The mutants showed a lower Fv/Fm than the wild-type plants, suggesting a
higher sensitivity to light stress. The analysis of the T-DNA insertional lines have demonstrated that
the genes characterized in this work have a significant role in the stress response pathways most
likely because thy mightbe involved in the control of ROS accumulation. These results support the
involvement of photo-oxidative stress as a component of cold and drought stress.
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Phytic acid (inositol hexakisphosphate, InsP6) is an ubiquitous component in plant seeds where
is regarded as the major storage form of phosphorus. InsP6 is usually considered an antinutrient
component since it can form complexes with proteins and minerals, reducing their digestive
availability. Indeed, minerals when bound to InsP6 are hardly or not absorbed in the intestine and
are largely excreted, resulting in iron and zinc deficiencies, especially in developing countries
where food is mainly seed-based. Therefore, there is a strong interest to develop seeds with a
reduced content in phytate. However, the manipulation of phytic acid content in the seed requires
knowledge on the key enzymes involved in its biosynthetic pathway.

The first step in the phytic acid biosynthesis is the conversion of D-glucose-6P to D-myo-
inositol-1P (InsP1) by the isomerase myo-inositol phosphate synthase (MIPS). After this well
characterised step several kinases, many of which still need to be identified, catalyse the sequential
addition of phosphate units to the InsP1, to produce InsP2, InsP3, InsP4, InsP5 and InsP6. Recently,
several papers have reported that in the later steps of Arabidopsis thaliana phytic acid pathway at
least two kinases are involved: Inositol-(1,3,4,5,6)-pentakisphosphate 2 kinase (Ipk1) and Inositol-
(1,4,5) trisphosphate 3- kinase (Ipk2).

Our group is interested in reducing phytic acid content in bean seeds and strategies of forward
genetics (Doria et al. 2006; BIC, vol. 49: p.153-154) and reverse genetics by TILLING, have been
undertaken. In a previous work we already isolated and characterised the MIPS gene (Fileppi et al.
2004; BIC vol.47: p. 189-190) and now we are focusing on the middle part of the biosynthetic
pathway. To this purpose our goal is to identify and isolate in P. vulgaris the orthologous of Ipk1
and Ipk2 genes of A. thaliana. The proteins coded by these genes have been used as queries against
the plant genome and soybean EST databases. After tBLASTx searches, several genomic and
cDNA sequences with high similarity to the Arabidopsis Ipk1 and Ipk2 sequences were identified.
Multiple sequence alignment revealed, among all the putative kinases analysed, three very high
conserved regions. Then, several pairs of PCR primers were designed along these conserved
regions. PCR amplifications on P. vulgaris genomic DNA and seed cDNA were obtained only for
Ipk1, which primers produced abundant and specific PCR products of the expected size.
Preliminary sequencing data suggests that the amplified products indeed code for Ipk1. Southern
blot analysis indicates that probably only one Ipk1 gene is present in the P. vulgaris genome, while
expression analyses in different bean tissues and during seed development are in progress.
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Low temperatures determine a “physiological dehydration”, because of a reduction of water
transport at the root level. Cold stress affects plants determining changes at developmental,
morphological, physiological and biochemical levels. All these changes involve precise changes in
gene activity and synthesis of specific proteins that, possibly through cold acclimation, allow plant
survival. To date, many stress-inducible genes have been isolated, especially in herbaceous plants,
and in trees also. However comparative analyses between genotype of one and the same species, to
analyze genetic variability in gene regulation patterns, are rare.

Populus is a genus of great economic value in Italy; from a scientific point of view, poplar is a
very favorable model plant for genomic studies in trees: the nucleotide sequence of the entire
genome of black cottonwood (Populus trichocarpa) has been determined; Populus genome is
relatively compact (~500 Mbp) compared with other tree species; beside genome sequencing, an
EST collection from poplar, aspen, cottonwood and their hybrids has already grown to >150,000.

With the final scope of studying genetic variability in gene regulation patterns, a set of genes
induced by low temperature was isolated in the clone “Villafranca” of Populus alba and
characterized. White poplar plants in the stage of leaf burst were maintained for two weeks at 25°C,
then transferred to 4°C for 6, 12, 24, 48 hours, and mRNAs were isolated from leaves. Two
differential cDNA libraries were constructed using the method of “Suppression Subtractive
Hybridisation” (SSH) (Diatchenko et al., 1996), after short- (6 hours) or long- (48 hours) cold
treatments.

Two-hundred-sixty isolated clones were sequenced and compared to databases. Fifty-four
sequences resulted specifically induced after 6 h of cold treatment, 33 at both 6 and 48 h, and 82
specifically induced at 48 h of cold treatment. The putative products of isolated genes can be
classified into different groups: i) proteins having a direct role in stress protection, as an early-
responsive dehydration protein and a mannose/glucose lectin; ii) involved in signal transduction, as
serine/threonine kinases/phosphatases and a calcium-calmodulin dependent kinase; iii) regulating
gene expression, as MYB transcription factors, zinc-finger proteins; iv) involved in cell cycle
activity regulation, as a phragmoplast-associated kinesin and other proteins. For each gene, the
corresponding code in Arabidopsis was determined and an analysis using the Arabidopsis Mapman
software allowed to determine the involvement of such genes in their metabolic pathway. For 33
cold-induced isolated genes the function is still unknown.

Analysis of upstream regions of isolated genes in the P. trichocarpa genome evidenced the
occurrence of conserved cis elements involved in stress response regulation of gene activity. ARR1-
binding elements – related to cytokinin-induced transcription factors – are largely represented.



Other elements typically related to defense responses – MYB, MYC, WRKY – were found. By
contrast, DRE and ABRE elements were rare.

We have also analysed the expression of isolated genes at 6, 12, 24, 48 h of cold treatment and
after a 24 h of recovery and established expression patterns to be used in comparative analyses in
other white poplar genotypes from different environments.
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The availability of several molecular tools such as genetic and physical maps, a huge inventory
of expressed tag sequences (ESTs) and last but not least the recent announce of the whole genome
sequence, makes grape a promising model plant to study very important physiological processes
such as, for instance, fruit ripening in non-climateric fruits.

Here we describe the results of the characterization of the transcriptome of Pinot noir berries in
three key ripening stages and in two different seasons as determined by Vitis vinifera Affymetrix
chips and of the dissection of the stilbenes pathway as observed by comparison of high and low
resveratrol producers, by home made cDNA arrays.

Main results of these studies are:
-  berry ripening and stilbenes production are highly regulated at the transcriptional

level
- a core of about 2000 genes appear to be strongly modulated from pre-veraison to

post-veraison  stages in two different growing seasons
-  annotation of these genes by GO terms reveals they belong to specific functional

classes such as response to stress, cell wall modification and secondary metabo- 
lism as expected, but also to not yet characterized transcription factors.
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Poplar is a model species in forest trees whose genome has been fully sequenced and is an
important source for the production of timber, plywood, pulp and paper.

Functional polymorphisms in or around genes can be classified as coding variation, altering the
amino-acid sequence of the encoded protein, or regulatory variation, affecting the level or the
pattern of expression of the gene. While the frequencies and consequences of coding polymorphism
can be recognized directly from the DNA sequence, the extent to which variations in non-coding
cis-regulatory DNA alters gene expression in populations is mostly unknown. It has been suggested
that regulatory variations are important in modulating predisposition to disease susceptibility, and to
be the primary substrate for the evolution of the species. Studies in maize and Arabidopsis
demonstrated that the cis-acting regulatory variation is a widespread phenomenon, and that is also
relevant to abiotic stress response.

We set out a project to estimate frequencies and magnitudes of cis-acting regulatory variation
in P. alba.

Particular attention was focused  on genes involved in the mechanism of UV-B stress tolerance.
To detect poplar cis-acting regulatory variation we used a method that has been developed and

widely used in our lab in maize. The method involves the study of two alleles of a gene in
heterozygous individuals and the comparison of the transcript expression associated with each
allele. This allows recognition of cis-acting variation without the identification of specific
regulatory variants (which can be hundreds or even thousands of bases upstream from the
transcription unit). SNP markers (Single Nucleotide polymorphisms) in the transcript itself are used
to distinguish between transcripts derived from one of the two alleles.

To study the genes involved in UV-B stress resistance we isolated RNA from the petiole-
induced calli after UV-B treatment, as well as from their respective controls. The analytical method
involves RT-PCR amplification of the region surrounding the SNP marker, Single Base Extension
(SBE) of a primer adjacent to the variant base in the presence of fluorescently labeled nucleotides
and detection on a capillary DNA sequencer. The ratio of the two alleles is inferred by comparison
with known mixtures of homozygous genomic DNA mixes used as reference standard, which, after
PCR amplification, are subjected to the same SNP assay.

This type of study will help us not only to appreciate the extent of functionally important
regulatory variation but also to focus on candidate haplotypes with differential expression in order
to characterize specific polymorphisms.
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Grape (Vitis vinifera) and its processed products, wine, grape juice, and dried fruit, are
economically and culturally important. Grape berry development, ripening and post-ripening
processes and the production of those substances deriving from secondary metabolism are of
fundamental importance for produced wine quality. The most appreciated wines of the Valpolicella
region (near Verona) - Amarone and Recioto - are obtained from grapes which after picking,
undergo a period of withering in rooms known as “fruttai”. During withering, the grape endures a
series of physical, physiological, molecular and biochemical changes; amongst these, the most
striking are the berry dehydration and the increase of sugar concentration, allowing the wines to
obtain higher alcoholic content and particular flavour properties. Knowledge of numerous grape
transformations is of great interest in order to supply useful tools in good management of ripening
and withering processes to produce a higher quality wine.

The aim of this work was to analyze, by means of AFLP-TP technique, the transcriptional
profile of the grape berry (cv Corvina). We took into consideration eleven different stages
(including three stages of “in planta” withering) starting from the early phases of fruit set  until the
complete withering of the grape. We selected about 2000 fragments pertaining to those genes that
showed differential expression in temporal terms. The isolation of the fragments from the gel, their
sequencing and the search for sequence homology in the data bank constitute a starting point for a
deepened analysis of the complex molecular changes that take part in the grape berry development,
ripening and withering processes.
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oligo-array, chloroplast development, albina and xantha barley mutants

We investigated four albina and xantha barley mutants representing successive steps in the
chloroplast biogenesis and the corresponding wild type (WT) with the Affymetrix Barley1
GeneChip® (about 22.000 probe sets) to assess the variations of gene expression associated with
chloroplast development. When mRNA isolated from leaves of mutant plants grown at 20°C were
compared with mRNA extracted from green leaves of WT plants grown under the same conditions
a number of probe sets were found more than 2 fold up- or down-regulated. Since the mutants
analyzed represent successive steps in the chloroplast biogenesis, the number of probe sets up- or
down-regulated decreased according to progress in chloroplast development. The number of genes
up- or down-regulated during growth at 20°C was similar (19% of transcriptome) in the first three
mutants (alb-e16, alb-f17 and xan-s46), while for the fourth (xan-b12) the number of genes modified
was reduced to 9% showing a clear normalization of the transcriptome as chloroplast development
proceed. The genes up- and down-regulated in the mutants compared to WT were subdivided into
classes to identify groups of genes whose expression is associated to a given stage of the chloroplast
development. The up- and down- regulated gene lists were converted into the homologous
sequences of Arabidopsis (cut off E-value = e-10) and loaded onto the mapman software in order to
gain information about the metabolic changes associated with the chloroplast development. Some
keys metabolic pathways (e.g. chlorophyll or carotenoids biosynthesis) have been studied
thoroughly: all intermediates of the pigment biosynthetic pathways were detected by HPLC analysis
and all genes involved were verify by qRT-PCR. The cross-references between transcriptomic data
and morphological or biochemical traits allowed to identify subregulons of genes regulated as
pigments synthesis proceed. All together these data provide useful information for the
understanding of the regulation of nuclear genes associated with chloroplast development.
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Nitric oxide (NO) has been involved in the regulation of a large range of physiological
processes in plants. Recent studies highlight its involvement during leaf expansion, root growth,
senescence, iron homeostasis and abiotic stress. The role of NO is particularly crucial during plant-
pathogen interactions, where it participates to a complex network controlling plant defence
responses and resistance. Moreover, indirect indications of the possible involvement of NO during
legume-rhizobia interactions have been reported. Recent transcriptomic studies evidence that the
genes regulated by NO sustain a large diversity of cellular functions, in accordance with the
pleiotropic role of this molecule in plant physiology. To reveal the candidate genes involved in
pathogenesis and symbiosis we started a transcriptional analysis in Medicago truncatula, the model
system for legume biology.

In this work M. truncatula roots from 4 week-old aeroponic-grown plants were treated with the
NO donors sodium nitroprusside (SNP) and S-nitrosoglutathione (GSNO). Using a cDNA-
amplified fragment lenght polymorphims (AFLP) transcript profiling approach we isolated >1000
cDNA fragments that were excised from gel, re-amplified with selective primers, cloned and
sequenced. These cloned fragments were used to print a cDNA microarray that we named MtNO.
To assess the functionality of MtNO microarray, we performed hybridizations with RNA extracted
from plant leaves or roots after treatment with the same chemicals and time course used for cDNA-
AFLP analysis. In addition, this microarray was used to perform a broader monitoring of
transcriptome changes in M. truncatula upon infection with the soil bacterium Sinorhizobium
meliloti 1021 and upon incompatible interaction with the fungal pathogen Colletotrichum trifolii
race 1. This analysis led us to identify 529 genes with a modulated expression (413 induced and 116
repressed) during infection process and 455 genes (440 induced and 15 repressed) during nodule
development. The analyses of a large number of M. truncatula genes in response to infection and
interaction with a simbiotic microrganism provided a base to identify commonalities among diverse
signaling pathways. By comparing gene expression profiles, we identified 73 genes induced during
both C. trifolii race 1-infection and nodule development, and 105 genes with a significant opposite
modulation.
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In this study we have assayed the pattern of gene expression in o2, o7, and in the o2o7
endosperm mutants was carried out in our laboratory by profiling endosperm mRNA transcript at 15
DAP and the Zeastar unigene set of selected maize gene sequences. The results revealed distinct, as
well as shared, gene expression patterns in these mutants. The o2 mutation has a much greater
impact than o7 on gene expression in 15-DAP endosperm, with the o2o7 endosperm mutant,
resembling the expression pattern of the o2 gene. For the three endosperm mutants (i.e. o2, o7, and
o2o7) 38, 7, and 32 genes, respectively, are upregulated more that 3-fold relative to the wild-type.
In agreement with previous observations in the o2 and o2o7 endosperms these genes appeared to
function in a number of pathways related to aminoacid and carbohydrate metabolism, signal
transduction, protein turnover, transport, and protein folding. By contrast, the expression of 57, 17,
and 56 genes are respectively, marketly reduced in the o2, o7, and o2o7 mutant endosperms,
compared to the wild-type. In o2 and o2o7 most of the down-regulated genes are involved in zein
storage protein synthesis, carbon and carbohydrate metabolism, amino acid metabolism, and signal
transduction. In addition, three transcription factors different from o2 appear down-regulated.
Collectively, the results may provide a framework for investigating a common mechanism the
underlines the opaque kernel phenotype.
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Gene expression in non green plastids, such as amyloplasts, chromoplasts etc. is known to be
lower compared with expression in chloroplasts. We performed Southern blot hybridization with
DNA from potato leaves and tubers of different stages of development, and the results showed in
this poster indicate that the observed low expression is not regulated at the level of genome copy
number.

Most plastid genes and operons are transcribed by two distinct RNA polymerases - nuclear
encoded RNA polymerase (NEP) and plastid-encoded RNA polymerase (PEP). Transcription by
NEP or PEP through recognition of distinct promoters is one general mechanism of gene regulation
during plastid development. We investigated plastid transcript abundance and transcription
initiation sites of several plastid genes and operons in both potato tubers and leaves, in order to
identify plastid promoters or 5’ UTRs highly active in amyloplasts and with potential use in potato
plastid transformation.

Steady state transcription levels in plastids were initially determined by cDNA arrays and
Northern blots (Valkov V. et al. 2005 Proc. 2nd Solanaceae Genome Workshop. Ischia, Italy, Sept.
25th-29th, 2005, pp. 204) and further verified by oligo micro arrays, as reported in this poster. Based
on results of such studies, several genes were chosen for detailed transcription analyses. Transcripts
of clpP, rps16, rbcL, atpI, rpoB and rrn16 genes were the most abundant in potato tubers. To study
plastid promoter utilization and to identify the transcript 5’ ends, primer extension analyses were
also performed. In potato tubers, mRNAs of genes having both NEP and PEP promoters derived
predominantly from NEP promoters. For instance, transcripts from PclpP-53 (NEP promoter) were
abundant and the only ones detectable in tubers, whereas, in leaves, transcripts derived from both
NEP (positions -53, -173) and PEP (-95) promoters were observed. Our results also show that all
mRNAs from the highly transcribed rrn operon derived from P1 (PEP) promoter in leaves, whereas,
in tubers, transcripts from both P1 (PEP) and P2 (NEP) were detected.

In conclusion, our data indicate that some plastid genes are transcribed from different
promoters in different organs of potato plants. In this way, transcription together with the post-
transcriptional RNA processing and editing is an important part of the highly organized process of
plastid genes regulation that needs additional and more detailed investigation in potato amyloplasts.
Moreover, mapping of the active promoters is valuable for organ targeting and improvement of
transgene expression in non green plastids.
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barley, Pyrenophora graminea, Rdg2a, resistance gene

The barley gene Rdg2a confers resistance against several isolates of the seed borne fungal
pathogen  Pyrenophora graminea (the causal agent of barley leaf stripe) and immunity against
isolate Dg2, the most virulent isolate of a collection of monoconidial isolates. Firstly, this gene was
finely mapped to the distal region of the short arm of barley chromosome 1 (7H), by using a
segregating population of 2800 F1 gametes. In addition, a rice-barley syntenic relationship, and a
physical contig based on cv. Morex barley BACs clones that overlaps the Rdg2a interval map were
established.

In order to characterize the genetic bases of leaf stripe resistance, subsequent steps of a map-
based cloning approach for the Rdg2a gene were carried out. For this purpose the genomic region of
Rdg2a was saturated with molecular markers developed by using information derived from shot-
gun sequencing of the Morex BACs covering the region. Because the cv. Morex does not carry a
functional allele of the resistance gene, a 5X cosmid library of barley cv. Thibaut (bearing a
functional allele of the gene) was constructed. The screening of the cosmid library with markers co-
segregating and tightly associated to Rdg2a allowed the identification of a cosmid contig
encompassing the genomic region of the gene. Sequencing of cosmids belonging to this contig led
to the identification of two sequences coding for NBS-LRR (Nucleotide Binding Site-Leucine Rich
Repeats) proteins, the most common class of plant disease resistance proteins. The comparison of
the sequences present in the candidate genomic region of cv. Thibaut and of two distinct susceptible
cvs. (Morex and Mirco) revealed genomic rearrangements both in coding and non-coding
sequences. These rearrangements suggest that the two NBS-LRR sequences identified could
represent good candidates for Rdg2a.
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DISSECTING REGULATORY VARIATION IN MAIZE
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regulatory variation, epistasis, maize

Differences in gene expression are central to phenotypic variation and evolution. Such
differences can arise from cis-regulatory changes that affect transcription initiation, transcription
rate and/or transcript stability in an allele-specific manner, or from trans-regulatory changes that
modify the activity or expression of factors that interact with cis-regulatory sequences. Both
regulatory changes contribute to divergent gene expression, but their respective contributions
remained largely unknown due to difficulties in distinguishing cis-acting components from trans-
acting factors. The development of novel methods for the quantification of allele-specific
expression has allowed unveiling of relatively frequent occurrence of differential expression that is
not due to imprinting phenomena but most likely to cis-acting regulatory variation.

We set out to estimate frequencies and magnitudes of cis- and trans-acting regulatory variation
in maize by measuring allele-specific differences in expression levels of genes. Seventy percent of
genes tested (11/16) showed differences in expression of at least 1.5 fold due to cis-regulatory
variation. On the other hand, only 20% of the genes (2/9) were affected by trans-regulatory activity.
Interestingly, variations were tissue specific and influenced by stress. We further examined epistatic
effects of trans-acting factors on cis-regulatory variation by assaying allelic expression in a set of 40
Recombinant Inbred Lines (RILs). None of the 10 genes tested showed oscillations in allelic
expression across the RILs indicating the rare occurrence of coupled cis- and trans-regulation.

Taken together our data indicate that the majority of gene expression differences in maize are
not caused by trans-regulatory changes with widespread effects, but rather by cis-acting changes
spread throughout the genome. Depositing heritable variation in the regulation of gene expression
within cis-regulatory sequences could be actually favourable since the individual trans-regulatory
transcription factors typically interact with a wide network of genes and the variation affecting these
proteins would be expected to have pleiotropic effects and rather dramatic phenotypes, therefore
trans-regulatory changes are anticipated to be quite rare.
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cis-variation, epigenteic, methylation, retrotransposons

The maize genome is characterised by high nucleotide diversity within single copy regions,
including genes, and lack of colinearity in intergenic regions due to the presence of different LTR-
retrotransposons. These features may affect gene regulation and gene expression levels. By allele-
specific quantification of transcript levels for a random set of genes in F1 hybrids we estimated that
70% of genes show differences in expression of at least 1.5 fold due to cis-regulatory variation. The
differences were tissue specific and influenced by stress.

To assess the effects of the lack of colinearity in intergenic regions on allelic expression we
estimated allelic expression imbalance in genes within 5 fully sequenced genomic regions from
both alleles. We observed that the repetitive sequences content of intergenic regions significantly
influences (P<0.01) allelic expression. Conversely, there was no correlation between nucleotide
diversity in the proximal promoter and differential allelic expression.

Retroelements are usually inactive but can be induced by various stresses and may affect the
expression of neighbouring genes by producing single, chimeric or anti-sense transcripts. To
investigate the potential role of epigenetic chromatin silencing in regulation of expression we are at
the moment examining the methylation state of the analysed genes and their promoters within fully
sequenced regions.

The results presented emphasize the importance of the genomic environment on gene
expression and indicate repetitive elements as liable for expression regulation. Different sequence
environments could therefore affect tissue specificity or temporal regulation of expression ensuring
optimal gene expression in a wide variety of environmental conditions.
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Natural populations of forest trees show adaptation to day- and seasonal-length of their local
environment and their timing of bud phenology results to be correlated with the latitudinal and
elevational origin of the trees. Bud phenology is also found to be under strong genetic control in
forest trees, but very little is known about the identity of the genes responsible for genetic variation
in bud phenology traits.

Association mapping, based on linkage disequilibrium (LD), offers an alternative method to
dissect quantitative/adaptive traits in tree species, using ancestral recombination events in natural
populations to make marker-phenotype associations. In a previous study, our group analysed
sequence diversity and the linkage disequilibrium structure in a European poplar species, Populus
nigra, as guidelines to design association studies. This research showed that in black poplar the
levels of polymorphisms are not limiting for association studies and LD estimates are low but
significant within few kbs, suitable for a candidate gene mapping approach.

In the present study, we identified a set of candidate genes for phenology based on the literature
on flowering time pathway in Arabidopsis thaliana, with a particular interest on phytocromes,
cryptochromes, signal integrators, vernalization factors and circadian clock factors. We then
identified SNPs within those genes to be used as markers for the association. Identification of SNPs
was possible by resequencing of amplified amplicons, taking benefit of the availability of the
annotated genome sequence of Populus trichocarpa.

An association population of about 400 P. nigra genotypes, collected along 10 degree’s latitude
throughout Europe, was established in a common garden experiment. Bud set phenotypes were
scored in the population and candidate gene SNPs genotyped. Despite the adaptive population
differentiation of the bud set traits (Qst of 0.6), we observed low-to-moderate levels of genetic
differentiation (Fst from 0.05 to 0.1) in the candidate genes analysed. We also found significant
associations between a few candidate gene polymorphisms and bud set phenotypes.
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Glutathione S-transferases (GSTs) are an ancient superfamily of catalytic and binding proteins
ubiquitously distributed in highly diverse aerobic organisms, with crucial biological roles in the
detoxification of both endogenous and exogenous toxic compounds and in cell protection from
oxidative insults. GSTs fall into two distinct families: the soluble or cytosolic GSTs (cGSTs) and
the membrane-bound microsomal GSTs (mGSTs). Cytosolic GSTs are by far the most numerous,
with tens of members in all aerobic organisms. From an evolutionary point of view, they seem to
derive from an ancestral glutathione-binding protein, although the great family expansion took
place independently in the different phyla following their separation. On the contrary, microsomal
GSTs are less numerous and, with the exception of mammalian ones, very little characterized.
Mammalian mGSTs belong to the MAPEG protein family, which also includes members from
plants, fungi and bacteria. Their evolution is still unclear: they might have common ancestors with
the cGSTs or have an independent origin. Here we present the first data concerning microsomal
GSTs from a wide range of organisms, and a preliminary phylogenetic analysis.

Over 100 putative microsomal GSTs, spanning many taxa from bacteria to mammals, were
isolated through BLAST screening of EST sequences databases, using the rice microsomal GST as
query. Hydropathy profiling confirmed the presence in all sequences of 3 or 4 transmembrane
domains, as expected for mGSTs.

Phylogenetic trees were generated starting from different GST gene sets: 1) selected
microsomal and cytosolic GSTs from all organisms; 2) all mGSTs isolated; 3) only plant mGSTs.
The results can be summarized as follows: 1) Cytosolic and microsomal GSTs separate in two
totally distinct branches, indicating either an independent origin or a very ancient separation and
subsequent independent evolution. 2) Microsomal GSTs form 3 distinct groups (class 1, 2 and 3),
each one including sequences from different organisms. A fourth group, consisting of only bacterial
sequences, is less defined. Mammals, fishes, echinoderms and birds have representatives of
different groups, while insects, plants, fungi and algae have just one class. 3) Plants microsomal
GSTs form a subgroup within class 3. Furthermore, monocots and dicots are clearly separated, as
already seen for cytosolic GSTs.
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Based on cpDNA restriction polymorphism, the chloroplast genomes of cultivated and wild
potatoes have been classified in five main types geographically differentiated: A, C, S, T, and W,
being the T-type by far the most frequent in the European cultivated potato (S. tuberosum subsp.
tuberosum). We have recently sequenced the plastidial genome of S. tuberosum (DQ386163).
Further, the complete cpDNA sequence of the wild potato S. bulbocastanum is available in
GenBank (DQ347958). Herein, we report a detailed comparative analysis between the sequences of
the two species, and the variability highlighted in 18 tuber-bearing Solanum species by sequencing
specific intergenic regions.

Comparative analysis with the sequence of the wild potato S. bulbocastanum has revealed a
number of mutations throughout the genome of the common potato, including 28 deletions, 40
insertions and 345 base substitutions. Out of 114 genes, 67 are conserved between the wild and
cultivated potato, whereas 47 have shown some differences. In particular, 22 genes are different
both in the nucleotide and in the derived amino acid sequence, and 25 only in the nucleotide
sequence. The psaJ and ndhF genes showed a different length between the two species. Thirty two
repeats (16 direct and 16 palindromic) have been identified in S. tuberosum and S. bulbocastanum.
The two sets of repeats have been compared and differences have been observed both in the length
and in the presence / absence of the repeats in the genome of the two species.

Since the large majority of indels and substitutions were observed in the intronic and intergenic
regions, four of them (trnK-rps16, rps16-trnQ, trnS-trnG, petN-psbM), showing high variability
between S. tuberosum and S. bulbocastanum, have been sequenced in other sixteen potato species.
Such analysis identified several molecular markers that differentiated all species investigated. In
comparison to S. tuberosum, S. polyadenium, S. cardiophyllum, and S. bulbocastanum have shown
the highest polymorphism.

Results of the present study will improve the understanding of genetic variability at the
cytoplasmic level in Solanum spp., allowing new phylogenetic and taxonomic studies and a better
characterization of genotypes used in conventional and non-conventional breeding approaches.
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Very limited genetic studies and classical breeding programs have been performed on olive.
Due to the strategic importance of this fruit crop for the Italian and Mediterranean agricultural
production, it would be of main priority to focus the attention on analysing the organization of its
genome. As first approach, a linkage mapping program is currently being developed by our groups,
aimed at identifying QTL for traits under selection. A genetic linkage map was obtained on a cross
population obtained from two highly heterozygous cultivars with contrasting phenotypes for some
traits of agronomic interest like bearing precocity and resistance to Spilocaea oleagina and
Verticillium dalhiae. The genetic map obtained is based on 574 AFLPs, 279 RAPDs and 62 SSRs.
In order to map genes involved in important metabolic pathways, SNP markers were identified and
mapped. Two maps, one for each parent, were constructed using MAPMAKER/EXP v.3.0 software,
according to the double pseudotest-cross model. All data, including AFLPs segregating 3:1
(heterozygous x heterozygous) and codominant SSR and SNP markers, were afterwards analysed
by JoinMap 3.0 software. Forthy six linkage groups were obtained for the female and 29 for the
male parent, with a coverage percentage of 67.8% and 70.8%, respectively. Anchor loci have
allowed joining the homologous pairs of groups from the two maps to produce an integrated map
for the species O. europaea, including a major group and seven medium groups.
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In the last ten years several genetic maps of Vitis vinifera or Vitis genus have been developed
creating a productive background stimulating a new deal of grape assisted breeding. These maps,
mainly based on SSRs, share a framework of markers which supply a backbone for next
improvement. A new source of markers, based on single nucleotide polymorphisms (SNPs),
identified in coding sequences and unique BACend sequences, has been added to the reference set
of SSRs. SNPs and insertion/deletion mutations (indels) represent the most frequent genetic
differences within a species. They are genetically co-dominant and useful for integration into high
resolution genetic maps. Minisequencing has recently been described as an affordable moderately
high-throughput method for SNP assay and has efficiently been applied in this mapping work.

The main objective of  this work was to develop an integrated gene map among five élite
cultivars of Vitis vinifera L: ‘Syrah’ (S), ‘Pinot noir’ (P), ‘Grenache’ (G), ‘Riesling’ (R), and
‘Cabernet Sauvignon’ (CS). A number of SSR and SNP markers has been selected ‘ad hoc’ to build
a common framework between all maps, while cross specific markers have been added to increase
the total number of markers in the integrated map. The total number of markers shared at least
between two cultivars is about 400, while the total number of markers, including 380 AFLPs, in the
integrated map is about 1160. Among them, 652 markers, anchoring hundreds of BACs, were used
for the integration between the S x P genetic map and the Pinot noir genome sequence
(www.research.iasma.it/genomics). Additional 58 BACend-based markers mapped in S x G and R x
CS provide the possibility to anchor new clones. Moreover, through BAC pooling 157 SSRs
segregating in S x G and/or R x CS represent a great potential to improve the coverage of the
genome. Finally, the integration among crosses segregating for different traits of interest, along with
the anchor to the Pinot noir BAC clones, allows to identify the genome regions responsible for these
characters.
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Conifers have huge and complex genomes due to a high content of repetitive DNA.
Transposable elements are known to play a major role in the structure and evolutionary dynamics of
conifer species. Nevertheless, to date the study of transposable elements in gymnosperms has been
largely based on degenerate PCR amplification of conserved domains and the exhaustive
characterization of full-length elements is far from complete owing to the scarcity of long range
genomic sequences. We report the annotation of four large regions randomly selected from the
genome of Norway spruce (Picea abies) and accounting for total ~400 Kb. This survey contributes
significantly to enlarge the retroelement repertory currently available for genomic analysis of
conifer species by the identification of novel families and complete retroelements, including the
first non-autonomous LTR-retrotransposons ever reported in conifers. Moreover,  we  provide the
first insight into the local organization of a complex conifer genome showing nests of
retrotransposons inserted into each other as commonly found in middle-to-large genome
angiosperms. Estimates of retroelement insertion ages reveal an old ancestry dating back to the
differentiation of Pinaceae species and insertions of related retrotransposons suggest that different
waves of retroelement mobilization may have occurred during the evolution of conifers. The survey
of large genomic regions with respect to the content, physical arrangement and age of retroelements
may provide a substantial contribution to our understanding of genome organization and evolution
in conifers. Finally, the characterization of full-length transposable elements is an essential step
required for the satisfactory annotation of genomic libraries from newly investigated conifer
species.
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Medicago truncatula is a close relative of alfalfa (Medicago sativa), the most widely cultivated
forage species in temperate regions. Alfalfa is considered the preferred nutritive source, both
environment friendly and cost effective, for animal production because of the high nutritive value of
its forage and its capacity to establish symbioses with nitrogen (N)-fixing rhizobia and with
mycorrhizal fungi. However, the size and complexity of cultivated alfalfa genome impedes
molecular genetic studies. Conversely, the small genome size (454-526 Mbp) of Medicago
truncatula, its ploidy level (diploid), its autogamous reproductive system and the high level of
synteny with Medicago spp and pea make M. truncatula the most suitable tool for genomic and
post-genomic studies in legume biology.

Here we report the activities of a multiistitutional Italian effort funded by the Italian Ministry of
University and Research (MIUR) as part of a Post-Genome Initiative – FIRB (Funds for Investing
in Fundamental Research) RBN018BHE. The project aimed at developing genomic tools and
expertise on Medicago truncatula as model system for forage legumes and involved eight
laboratories from different Italian Organizations (CNR, Universities, MiPAF-C.R.A.) to study
different aspects of legume biology at genomic level.
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The genome sizes of many plant species differ as a result of variable amounts of repetitive
DNA. Grasses are by far the group of plants where most information has been collected for species
with large genomes, such as maize, barley, wheat. Very little information is available on genome
composition and organization in the Compositae family, which includes important crop species. The
availability of information on genome composition, especially on its repetitive component,
generates a new array of enabling technologies for genome analysis that facilitates both
fundamental and applied research. Improved knowledge of genome composition increases the
efficiency of the discovery and development of molecular markers, leads to improved strategies for
genetic and physical mapping of genomes and is a prerequisite for sequencing projects both of
ESTs and of genomic regions, as well as for positional cloning projects.

With the aim of characterizing the structure and organization of the genome of sunflower
(Helianthus annuus L.), randomly sheared (nebulised) genomic DNA was used to construct a
library, representing a random sample of the genome. The sunflower genome is large (nearly 3,300
Mbp per haploid genome); more than 1,700 sequences were obtained, corresponding to nearly
1.35% of the genome. A clustering analysis was carried out to assess the amount of repeated
sequences in the library. Following this analysis and Blastn and Blastx searches, the library resulted
composed by 75.2% repeated sequences, of which 28.1% are retrotransposons, 1.3% rDNA, 0.7%
putative MITEs, 0.7% putative DNA transposons and 44.4% are unclassified.

Clones containing DNA sequences belonging to different classes of putative repeats were
subsequently selected and characterized with respect to their redundancy, genomic organization,
and in situ localisation. The most repeated sequence in the sunflower genome (27,000 copies per
haploid genome) resulted the contig 61, a repeated sequence of unknown nature. LTR-
retrotransposons represent a large portion of the sunflower genome. The copy number per haploid
genome of the most redundant gypsy families ranged from 5,000 to 23,900, that of copia families
from 1,000 to 5,100, and there are no predominant retrotransposon families. Among sequences
containing direct repeats, four clones resulted medium repeated, from 2,500 to 7,800 copies per
genome. Other repetitive DNA sequences (DNA transposons, LINEs, MITEs) show a redundancy
of less than 1,000 copies per genome.



The sunflower library was spotted onto membranes and hybridised to genomic DNAs of ten
Helianthus species (4 annuals and 6 perennials) and of twelve non-Helianthus Asteraceae species. It
was observed that redundant sequences of sunflower are usually redundant also in different
Helianthus species, while they are very differently redundant in other Asteraceae, suggesting that
Helianthus genome structure was realized already in the progenitor of this genus, before Helianthus
species separation. Moreover, large differences occur also between Helianthus and Viguiera or
Tithonia, i.e. two genera very close to Helianthus, indicating that dramatic changes in the genome
structure have occurred in the Helianthus progenitor and contributed to the formation of this genus.
The majority of retroelements amplified before Helianthus speciation, though retroelement activity
can be inferred from our data also after speciation.
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A COMBINED STRATEGY FOR BAC EXTENSION: APPLICATIONS TO
THE SEQUENCING OF TOMATO CHROMOSOME 12
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Tomato genome sequencing, BAC extension, annotation, gene identification

In the frame of the International Tomato Sequencing Project, the first seed BACs of
chromosome 12 have been sequenced and submitted to the Solanaceae (SOL) Genomics Network.
A preliminary annotation was derived from the Italian bioinformatic platform for the Tomato
Genome (Chiusano, SIGA 2006). In order to choose the right clones for extending these seed
BACs, a combined computational and experimental strategy was undertaken.

Considering EST-genome alignments, potential gene tags were located on these sequenced seed
BACs. Indeed, in some cases partial matching at the ends of the BACs with tentative consensus
sequences from tomato and potato cluster of ESTs (D’Agostino, SIGA 2006) were considered to
support BAC selection for further sequencing.

In particular, at the 3’ end of the seed BAC Le_HBa0032K07 4 tomato ESTs belonging to a 3’
end of a tentative consensus made of 24 sequences supported the design of primer pairs exploiting
the consensus sequence landing out of the BAC. The primers were used to check the presence of the
gene, putatively encoding a serine-threonine kinase, into the tomato genome, by amplifying both
genomic DNA from Solanum lycopersicum and S. pennellii and cDNA from leaf tissue. The
sequencing of the cDNA fragment and its alignment with the consensus sequence confirmed the
reliability of the computationally defined tentative consensus and the expression of the gene.

The same primer pairs were then used for PCR experiments to detect four putative extending
BACs, previously selected from the SGN BAC ends database. The amplification of expected sized
fragments, and their sequencing results allowed one BAC to be selected as the best one to extend
the contig, thus evidencing the success of the proposed strategy.

The same approach is being used to extend other seed BACs.
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NUCLEAR AND PLASTID SEQUENCES FOR IDENTIFICATION OF
SPECIES OF FLOWERING PLANTS (DNA BARCODING)
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ITS, trnH-psbA  spacer; species identification,  biodiversity, interspecific hybrids

Methods for identifying species by using short orthologous DNA sequences, known as "DNA
barcodes," have been proposed and initiated to facilitate biodiversity studies. A Consortium for the
Barcode of Life (www.barcoding.si.edu) has been established to stimulate the creation of a database
of reference sequences to serve as a universal library Barcoding will provide vital new tools for
appreciating and managing Earth’s immense and changing biodiversity. The cytochrome c oxidase 1
sequence has been found to be widely applicable in animal barcoding but unfortunately is not
appropriate for most species of plants because of a much slower rate of cytochrome c oxidase 1
gene evolution in higher plants.

The internal transcribed spacer (ITS) region of the nuclear ribosomal cistron (18S-5.8S-26S)
and the trnH-psbA plastid intergenic spacer have been recently proposed to be appropriate for
barcoding of flowering plants since they a) have significant species-level genetic variability and
divergence, b) are appropriately short so as to facilitate DNA extraction and amplification, and c)
are flanked by conserved  sites for developing universal primers. To evaluate the suitability of these
sequences as DNA barcodes, we analyzed  some individuals belonging to different plant genera and
families. The nuclear and plastid regions were PCR amplified with specific primers and sequenced
with an ABI Prism 3730 Automated DNA sequencer. Intraspecific and interspecific sequence
variation was evaluated to assess the resolution of the technique. After sequence analysis usually a
very low (or absent) intra specific variability was detected, whereas interspecific variability was
usually sufficient to identify the species. Moreover some interspecific crosses were performed in the
genus  Helianthus, i.e H. argophyllus x H. debilis (and reverse reciprocal cross), H. annuus x H.
argophyllus; H. debilis x H. annuus.  The hybrid progenies and parental species were characterized
at the morphological level and a the molecular level using the  two DNA sequences. Interspecific
variability due to SNPs, Indels and  SSR length, was sufficient for an unambiguous identification of
each species. In particular trnH-psbA, uniparentally inherited, was very useful to identify the
maternal origin of each hybrids even at juvenile stage of development or without morphological
evidences.
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TOWARDS THE USE OF LASER CAPTURE MICRODISSECTION FOR
INVESTIGATING PLANT MEIOSIS
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LCM, microarrays, histology, cryosectioning, paraffin embedding

The molecular mechanisms underlying plant meiosis are widely unknown and the number of
plant meiotic genes, so far identified, is very restricted. The methodologies based on differential
gene expression analyzed bulk samples containing a mixture of heterogeneous cells at different
developmental stages. As a consequence, these methodologies were not ideal for meiosis
investigation in plants. A methodology which combines the single cell technology and the analysis
of gene expression using microarrays could unravel the molecular understanding of meiosis at
genomic level. LCM is a powerful technique by which individual targeted cells can be harvested
from heterogeneous tissues while they are viewed under the microscope, by tacking selected cells to
an adhesive film with a laser beam. So far, LCM has been widely applied on animal tissues, and
few studies have shown that LCM can be a powerful tool in plants, as well. However, meiotic cells
have never been isolated by LCM. Recently, our research group started setting up Laser Capture
Microdissection (LCM) in Arabidopsis thaliana with the aim of harvesting premeiotic and meiotic
cells to obtain RNA for expression profiling.

Ecotype Col-0 of Arabidopsis thaliana was grown at controlled conditions and floral buds were
collected and processed according to histology techniques for paraffin embedding or
cryosectioning. The two methods were compared for section integrity that is crucial for
morphological recognition of the meiotic stage. Paraffin sectioning preserves the tissue morphology
better than cryosectioning but it is known that RNA recovering is generally worse.  An important
step is the choice of  fixative mixture that in our case was Carnoy (ethanol-acetic acid 3:1) with non
cross-linking property. In cryosectioning, 10% sucrose solution in PBS-DEPC was used as a
cryoprotectant for infiltration of floral buds before chilling. The staining is another crucial step to
identify the meiotic stage but not all nuclear staining substances allow to recover RNA. Different
staining protocols were tested including Mayers’ and Harris’ hematoxylin, methyl green, acetic
carmine and cresyl violet acetate. According to preliminary experiments, LCM parameters for
capturing meiocytes have been set.
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STUDY OF ANTIBODY-MEDIATED RESISTANCE IN PLANT THROUGH
A PROTEOMIC APPROACH

M. DI CARLI, A. PASQUO, M.E. VILLANI, R. FRANCONI, E. BENVENUTO, A. DESIDERIO

ENEA Casaccia - UTS BIOTEC - Sezione Genetica e Genomica Vegetale, Via Anguillarese 301,
00060 Santa Maria di Galeria (Roma)

recombinant antibody, substantial equivalence, proteomics

In this work we investigated whether the expression in plant of protective recombinant
antibodies may alter the physiological expression pattern of proteins. The insertion of exogenous
genes in plant genome encoding for proteins able to confer resistance to pathogens might lead to
the production of undesired compounds, suppression of endogenous genes expression or structural
and biological modifications of the product of interest (i.e. different folding or post-translation
modification, protein complexes formation, protein degradation).

Hereby we analyzed different transgenic plants (Lycopersicon esculentum cv. MicroTom,
Nicotiana benthamiana) expressing two recombinant antibodies against independent plant viruses
(cucumber mosaic virus and tomato spotted wilt virus). The aim of this study is both to investigate
the ‘substantial equivalence’ between transgenic and unmodified genetic background and to
validate the use of recombinant antibody for plant protection in the respect of the natural
expression pattern.

Proteomes of either healthy or infected plants are being analyzed by two-dimensional
electrophoresis using Differential In-Gel Electrophoresis (DIGE) technology. Differential protein
expression is under investigation using “Decyder” software (GE Healthcare Biosciences).

The comparison between the foreign traits introgressed in a genetic background and the
corresponding starting genetic material will be contribute either to biosafety issues or to the
knowledge of the molecular mechanism of plant-pathogen interaction.
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FLUO-TILL: A HIGH THROUGHPUT PLATFORM FOR TILLING
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Hordeum vulgare, TILLING, Capillary electrophoresis, high throughput

A large NaN3-induced mutant population of barley (variety “Morex”) consisting of ca. 5,000
M3 families has been developed at DiSTA-University of Bologna for identifying sets of induced
point mutations in specific genes of agronomic interest using the TILLING (Targeting Induced
Local Lesions IN Genomes, McCallum et al. 2000) procedure. Until now the mutant resource has
been screened using Licor automatic sequencer detection, which, although efficient, is not amenable
to very high-throughput and automated analyses.

The Parco Tecnologico Padano (PTP) and DiSTA have joined forces to increase the automation
and throughput of the TILLING screening process. The entire workflow -DNA extraction, pooling,
amplification, digestion and purification- has been automated using Tecan liquid handlers. The
automated FLUO-TILL platform coupled with the use of the PGP-LIMS (Laboratory Information
Management System) and of a barcode system ensures thorough quality controls and full
traceability of each processed DNA sample. The final capillary electrophoresis step is performed
using an Applied Biosystems’ 3730 DNA Analyzer. The two primers used during the amplification
step are both labelled using a different fluorophore, allowing to unambiguously distinguishing the
two digestion fragments. In addition, a Perl-CGI script was developed, enabling mutant detection
automatically.

Preliminary data confirm a significant increase in sensitivity and accuracy of our approach
compared to the Licor detection system. The digestion fragment peaks can be precisely sized and
clearly distinguished from the background peaks ensuring a highly efficient TILLING screening
procedure.

A web-based interface for easy external access to the mutant resource and submission requests
of TILLING screening projects is being implemented.
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RESOURCE FOR RESISTANCE GENE ANALYSIS IN PLANT
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database, resistance gene, tomato, bioinformatics, solanaceae

The SRG is a database resource for the Solanaceae family with aimed at building a comparative
bioinformatic platform to answer questions about plant-pathogen interaction.

There are several prominent public databases that provide access to plant genome data. These
include general repositories and species-specific or datatype-specific resources. Larger database
providers such as NCBI (http://www.ncbi.nlm.nih.gov/) and TIGR (http://www.tigr.org/) function
as both repositories and specie resources.

In Solanaceae, recently a large amount of plant-pathogen interaction data have been generated
through different methods, in order to obtain the maximum benefit. However, public archive of
these data is needed.

The SGR Database provides an integrated view of resistance genes, defensive genes, RGA
markers and other sequences involved in plant-pathogen interaction in the Solanaceae family.

In particular, it gives: about 1000 sequences collected from several sources, and about 40
reference genes, with information on sequences of DNA, RNA and proteins, the symptoms of
pathogenesis and the taxonomy of plants and of the pathogens. The SRG database which has many
tools for a rapid search and a satisfactory result was written in MySQL and visualized with the PHP
interface. A friendly interface makes the use of the database easy and thanks to the link with the
mayor public database it is possible to obtain a complete scheme of all the information about the
Solanaceae. In the database there are four categories of sequences. The first category includes the R
genes implicated in the specie-specific resistance between plant and host. The second category of
genes include the genes that have a role in the Hypersensitive Reaction (HR) and/or in the defensive
reactions. In the third category there are all the Resistance Gene Analogues (RGA) at the R genes
found in the Solanaceae. To the fourth category belong the sequences implicated in the defence
response produced in our laboratories.
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in silico analysis, reference genes, RNA quantification

Quantitative analysis of gene expression using techniques like RT-Real-time PCR has proven
to be a powerful tool for functional genomics. However, to be really informative, RT-PCR results
are usually referred to an endogenous control and traditionally housekeeping genes have been
employed for such normalization. Actually, since the utilization of single housekeepers can’t assure
a not-biased result, new normalization methods employing multiple housekeeping genes and
normalizing using their mean expression have been recently proposed. Moreover, because there
isn’t a gold standard gene suitable for every experimental condition, it is also necessary to validate
the expression stability of every putative control gene on the specific requirements of the planned
experiment. As a consequence, finding a good set of reference genes is for sure a non trivial
problem requiring quite a lot of lab-based experimental testing.

Herein we suggest an agile approach, based on in silico analysis of plant transcriptome, for the
rapid identification of a starter set of candidate reference genes and, in order to assess their value as
internal controls, we provide, as an example, an application of this procedure to the analysis of
tissue modulation of gene expression in barley.
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PROTEIN: AN APPLICATION ON TOMATO INHIBITOR-II
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tomato inhibitor-II, prediction of protein binding sites, protein interactions, proteinase inhibitors

One of the most interesting challenges in the analysis of protein structure data is to extract
general information and/or specific peculiarities that could support knowledge increase and
biotechnological applications.

We present here a new algorithm implemented to predict the binding sites of proteins when the
experimentally determined coordinates of the three dimensional structures are available (Protein
Data Bank). The proposed methodology is based on the presence of protein structural features that
strongly influence the directionalities of the interaction.

We present the results of the application of the methodology to the analyses of the Tomato
Inhibitor-II, a member of the multi-domain proteinase inhibitors which play critical roles in the
defence of plants against predation by a wide range of pests.

The method is able to predict each of the binding sites of the protein and can be considered a
reliable approach to support docking analyses  and related applications when no experimental data
on protein-ligand interactions are known.

Acknowledgements: This work is supported by the Agronanotech Project (Ministry of
Agriculture, Italy) and by the EU-SOL Project (VI Frame Programme, European Union).
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Curated genome annotation is a challenging computational problem in genomics. Many stand-
alone programs are available for spliced aligning expressed sequence tags onto a genome sequence.
With the goal to contribute to the bioinformatics efforts of the Tomato Genome Sequencing Project
we tested the software proposed by the International Committee for cDNA/EST to genome
mapping. We investigated which algorithm is more reliable and in which context, comparing and
evaluating some of the most frequently used specialized software, to provide a reference data-set of
tomato gene models. We tested sim4 (Florea et al., Genome Research 1998) based on the BLASTZ
algorithm (Schwartz et al., Genome Research 2003), GALAHAD, included in the Grail-EXP
package (Hyatt et al., Genome Sequencing and Biology Meeting May 2000), blEST (Florea et al.,
Genome Research 1998) and SIBsim4 (Florea et al., Genome Research 1998), all based on sim4
algorithm, and GeneSeqer (Brendel et al., Bioinformatics 2004) as software commonly proposed
for solving the task of mapping cDNAs/ESTs to genomic sequences. To provide a reliable
informative workbench for tomato genome annotation based on experimental data, we set up a
Gbrowse based platform reporting the results from the different methods. The datasets used in the
present analysis are the tomato expressed sequences available from dbEST and the BAC sequences
from the genome sequencing effort at the SOL Genomics Network (http://www.sgn.cornell.edu).
We present here the results of our evaluation of the software considered and we propose multiple
algorithm usage under different constraints to provide exhaustive and reliable information when
experimentally annotating genome sequence data.

Acknowledgements: This work is supported by the Agronanotech Project (Ministry of
Agriculture, Italy) and by the EU-SOL Project (VI Frame Programme, European Union).
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Large Expressed Sequence Tag (EST) datasets are daily released to the scientific community.
Despite their intrinsic shortcomings due to contaminations and limited sequence quality, ESTs
represent a consistent resource for gene discovery, for genome annotation, for comparative
genomics and for expression studies. The 'tag' nature and the vast quantity of ESTs require suitable
and efficient approaches to harvesting the full potential from this data source.

We present here our effort for the construction of information frameworks, where the
fragmented and error-prone EST data are processed to provide high quality and biologically
meaningful collections. We implemented the ParPEST (Parallel Processing of ESTs) pipeline using
public software integrated by in-house developed Perl scripts. Input EST sequence data are screened
i) for trimming low quality sequences ii) for cleaning vector contaminations and iii)  for filtering
and masking low complexity sub-sequences and interspersed repeats. Than, sequences are clustered
and assembled to detect sequence redundancy and to generate gene indices. Automated annotation
is obtained from  BLAST similarity searches against protein databases. For the description of
sequence function, Gene Ontology (GO) terms  and Enzyme Commission (EC) numbers are
assigned to directly classify gene products according to international standards and to map on the fly
the expressed sequences onto KEGG metabolic pathways.

All the data resulting from each single step of the pipeline are collected into a MySQL
relational database. We implemented also a web application, based on  PHP language, with a pre-
defined query system to support the interactive browsing of the results by non expert users. The
described  methodology has already been applied to the analysis of i) a collection of ~ 200.000
ESTs from different tomato species (http://biosrv.cab.unina.it/tomatestdb) and ii) a collection of
over 200.000 ESTs sequenced from different libraries of Solanum tuberosum
(http://biosrv.cab.unina.it/potatestdb) in the frame of our effort for the International Solanaceae
Genomics Network; iii) a collection of ~ 10.000 ESTs from a saffron stigma cDNA library in a
collaborative effort with the ENEA (D'Agostino et al., SIGA 2006) .

Acknowledgements: This work is supported by the Agronanotech Project (Ministry of
Agriculture, Italy) and by the EU-SOL Project (VI Frame Programme, European Union) .
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Motivation: We present here our effort as partners of the Solanaceae (SOL) Genomics
Network. The long term goal of the Consortium is to build a network of resources and information
dedicated to the biology of the Solanaceae family which includes many species of relevant
agricultural interest.

In the frame of the International Tomato Sequencing Project (http://www.sgn.cornell.edu/), to
efficiently exploit genomics data generated within the Consortium, the Bioinformatics Committee
coordinates data management and integration and will offer analysis tools in a distributed platform
to support the research of all the SOL partners.

As participants to the Bioinformatics unit of the Network, in the first year project we set up a
workbench to support the experimental annotation of the Solanum lycopersicum (tomato) genome
as well as the analysis of sequence collections from other Solanaceae species.

Methods: Using an automated approach (D’Agostino et al., BMC Bioinformatics 2005) we
built and maintain two repositories of ESTs from tomato and potato species downloaded from
dbEST. The repositories provide a complete set of computationally defined transcript indices
representing unique sequences, singletons or tentative consensus (TC), derived from EST clustering
analysis. We based the annotation of the expressed sequences on the use of controlled vocabularies
such as the Gene Ontologies (GO; The Gene Ontology Consortium 2000) and the Enzyme
Commission numbers (EC; Bairoch, 2000) and implemented the ‘on the fly’ mapping of the
expressed sequences onto known metabolic pathways from KEGG (Kaneisha et al., 2004). We
included in the annotation pipeline the analysis of non coding RNAs and we provided, for each
tomato EST, a link to the identification numbers of TOM1, the reference cDNA microarray for
Tomato (TED; http://ted.bti.cornell.edu/).

The preliminary experimental annotation of the BAC sequences available from the SOL
Genomics Network was based on the experimental data from tomato and potato ESTs and TCs. The
annotated BACs are available by the Generic Genome Browser (GBrowse) interface to allow
selection for reference gene models to train predictive methods. The two EST data-banks and the
Generic Genome Browser are cross-referenced to provide an integrated platform.

Results: The platform was built to provide an Italian resource for the genomics of Solanaceae
family and for the International Tomato Genome Sequencing Project. The web based interface of
the platform can be accessed browsing genome data in the form of BAC sequences or querying the
EST repositories. The platform is useful to support the experimental annotation of the genomic data,
indeed, EST collections are a quick route for discovering new genes and for confirming coding
regions in genomic sequences. Moreover, we believe that the possibility to investigate on specific



expression patterns as well as on coding or non coding gene families from the annotated EST data-
banks provide a relevant support for the investigation and the comprehension of genome
organization and functionalities. We may well hope that our effort represent a framework for a
useful organization of structure genomics data and for meaningful functional analyses based on
comparative approaches with other model plant species to provide a reference within the
Solanaceae community as well as for other similar efforts.

Acknowledgements:This work is supported by the Agronanotech Project (Ministry of
Agriculture, Italy) and by the EU-SOL Project (VI Frame Programme, European Union).

URL: http://biosrv.cab.unina.it
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Saffron (Crocus sativus L.) is a triploid, sterile plant, probably derived from a species found in
Eastern Greece, Crocus cartwrightianus. It was known to the Sumerians, 5.000 years ago. Its
stigmas constitute the most expensive (by weight) spice on Earth. They contain the pigment crocin,
the flavour picro- (from the Greek bitter) -crocin, and the aroma safranal. All three substances are

derivatives of the carotenoid metabolism. Approximately 150.000 flowers (or 2.000 m2 field area)
are needed for one kilogram of dried saffron. Today, the greatest saffron producing countries are
Greece, Spain, Turkey, Iran, India, and Morocco. The largest saffron importers are Germany, Italy,
U.S.A., Switzerland, United Kingdom, and France.

We sequenced 9769 ESTs from a saffron stigma cDNA library. After trimming of low quality
sequences and vector removal, the collection was reduced to 6603 high quality sequences. These
sequences were clustered and assembled to detect sequence redundancy. Sequences with >85%
identity over a region longer than 60 nucleotides were clustered, yielding 519 tentative consensus
sequences (contigs) and 1699 singletons. Contigs and singletons were automatically annotated,
using BLASTX similarity searches against the UniProt database. EST sequences and their
electropherograms, as well as clusters and contigs, preliminary annotation with references to the
publicly available databases (UniProt, Gene Ontology, KEGG) are collected in a MySQL database
and are accessible via a PHP-based interface through user-friendly graphical views. The web site
will be made publicly accessible.
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