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Objective and importance of the proposal

The objective of this proposal is to isolate and characterize promoters that are highly specific

either to the ovary and young fruit, or to anthers or to petals.

Since these organs are of significant agronomic importance, hence isolation of promoters that
are uniquely expressed in each of these organs is of a high practical value. Ovary and young
fruit specific promoter can be utilized to affect fruit nutritional value, fruit set efficiency, its
shape and size, sugar and starch content and composition (e.g. Trethewey & Willmitzer 1999),
organic acids content and composition, and the content of different aromatic compounds
which affect the fruit's aroma and flavor. Petal specific promoters can be exploited in order to
affect flower color (e.g. Elomaa et al. 1996), petal shape, scent, and flower shelf-life
longevity, all are attributes which are highly valuable for the industry of ornamental flowers.
Anther specific promoter can be utilized to induce male sterility (e.g. Mariani et al. 1990,
1992) which is an important trait for several purposes: In many crop plants it enables efficient
hybrid seeds production; in flowering plants it can prolong the vase-life since pollination
induces flower senescence, and in many ornamentals and grasses it will prevent the

undesirable pollen-allergenic effects.

The ability to perform such manipulations depends on the availability of promoters that are
highly specific to each of the above mentioned plant organs. Such promoters are scarce, and
most of them are protected by patents, hence not accessible to Israeli scientists who wish to

perform applied research in either the industry or academic institutes.



Results of the work performed in the previous years

In the present study tomato is being used as the model plant.

In order to enable isolation of full-length cDNA clones of the organ specific genes, we
constructed two cDNA libraries: one from flowers harvested at different developmental stages
(from pre-anthesis to mature open flowers), and one from young parthenocarpic (seedless)
fruits. That, to prevent representation of seed specific clones in the fruit derived library. Both
libraries are of high quality, containing about 10° clones, most of which represent full-length
cDNAs. The libraries were deposited in the Plant Genome Center at The Weizmann Institute
of Science, and full length cDNAs of genes of interest to different Israeli scientists were cloned
from these libraries (e.g. auxin binding protein 1, fructokinase, malate-dehygrogenase, FIE and

7Knl by R Barg & Y Salts, D Granot, A Sadka, N Ohad, and G Grafi respectively).

Identification of tissue-specific promoters was performed by the isolation of organ specific
cDNA representations, utilizing CLONTECH’s “PCR-Select” cDNA Subtraction Kit”
(Gurskaya et al 1996). This methodology was employed to generate two different
representations libraries: One library is derived from young parthenocarpic tomato fruit, and

the second library 1s composed of representations derived from petals and stamens.

PCR products harboring representative inserts of 160 of the young fruit library were arrayed
on nylon membranes and hybridized with radio-labeled cDNAs derived from the tester mRNA
(young parthenocarpic fruit) and the driver mRNA (seedlings + petals + stamens). About 70%
of the clones were found to be preferentially expressed in fruit. We sequenced 44 of the fruit
expressed clones and found that they represent 21 unique sequences presented in Table 1.
Northern analyses of 10 of these clones which exhibit ovary and young fruit specificity are
presented in Fig. 1. These genes vary in their temporal pattern of expression and promoter

strength.

Following a similar procedure, a ¢cDNA representations library was constructed from tomato
petals and stamens which served as the source of the tester mRNA, while a mixture of mRNAs
from whole seedlings with 4 true leaves, ovaries at pre- and post-anthesis and young seeded
fruit (2.5 cm in diameter), served as the driver. From this library 800 clones were arrayed on
nylon membranes and hybridized with radio-labeled cDNA derived from the tester and the

driver. Only 20% of the clones were found to hybridize to the driver cDNA, indicating that the



subtraction procedure was highly effective. These clones represent 91 unique cDNA
sequences, as determined by sequencing and hybridization (see Table 2). The 23 sequences -
which are marked by an asterisk in Table 2 - exhibit homology to known pollen and/or stamen

specific genes in GeneBank, again indicating the high quality of our subtracted library.

Fifty-five of our unique flower-expressed-sequences are not present in either GeneBank or the
tomato 90,346 EST sequences released by TIGR on August 4, 2000, which represent 23,220

unique sequences (http://www tigr.org). This indicates that our methodology for identification

of organ specific cDNAs is highly cost effective and economically superior to the very

expensive EST project.

Northern analysis was performed on 43 of the clones which hybridized only to the driver DNA
and for which expression pattern could not be predicted by homology to pollen or anther
expressed genes. This analysis revealed that 41 out of the 43 clones exhibit organ specific
expression and only 2 clones showed non-specific expression. We found that the expression of
20 of the genes is restricted to the stamens, 6 clones are almost exclusively expressed in petals,
14 are expressed in petals and stamens but not in other plant organs, and one is restricted to

petals and young fruit (Table 2).

Northern analysis of a sample of seven clones highly specific to stamens and six petal specific

clones are shown in Fig. 2 and Fig. 3 respectively.

The two collections (fruit & flower) of the unique representative clones were supplied to Prof.

R Fluhr and Prof. J Hirschberg to be included in the Israeli tomato microarray.

We concentrate our efforts on the promoters of three organ specific genes which harbour

either young fruit, stamen or petal specific promoters (yfel7, flel86 and fle38 respectively).

Since each of the genes could be a member of a large gene family (as two of them definitely
are), we sequenced cDNA clones representing these genes, and utilized specific probes derived
from the 3” or 5 untranslated regions (UTR) to identify tomato BAC (bacterial artificial

chromosome) clones harbouring each of the three organ specific genes.
The work performed with each of the genes is detailed below:

1. Young fruit expressed gene yfel7 (see Fig. 1)


http://www.tigr.org

We determined the full length sequence of yfe/7 cDNA and deposited it at EMBL
(accession AJ277944). It encodes a myb-like protein harbouring only one DNA binding
domain, and contains 77 nucleotides at its 5 untranslated region. It is highly expressed in
young fruit at the stage in which fruit development is driven mainly by cell division, unlike

later stages where cell enlargement is the main mechanism for fruit expansion.

A BAC which contains yfel/7 has been identified, and we determined the genomic
sequence of 3604 bp which include 2430 bp upstream of the transcription initiation point.
The genomic sequence indicates that yfe/7 contains an intron within the 3' untranslated
region. 1200 bp of this sequence (which contains the 5'-UTR) were fused to the gus4 gene
in an Agrobacterium binary vector and this construct is being transformed into tomato,

tobacco and Arabidopsis.
Stamens expressed gene flel86 (Fig. 2)

This gene encodes a protein that is homologous to a Lilium ¢cDNA which is expressed
only in the microspore mother cells at the zygotene stage of meiotic prophase (Kobayashi
et al. 1994). We isolated and sequence the full length cDNA of this gene. This sequence
served identify a BAC that contains fle/86. From this BAC we isolated the gene and
determined the genomic sequence of 3117 bp which include 1726 bp upstream of the
transcription Initiation point. The genomic sequence indicates that yfe/7 contains four
introns. 500 bp of this sequence (which contains the 5'-UTR) were fused to the gus4 gene
in an Agrobacterium binary vector and this construct is being transformed into tomato,

tobacco and Arabidopsis.
Petal expressed gene fle38 (Fig. 3)

This gene encodes for a GDP dissociation inhibitor (GDI), which is highly expressed in
petals, yet scarcely expressed in vegetative or other reproductive organs. We determined

the cDNA sequence and deposited it at EMBL (accession AJ401079).

We identified a tomato BAC which contains fle38, and sequenced its cDNA and ~7kbp of
its genomic DNA which reveals the existence of at least 13 exons and 12 introns (see

Fig.4). 1030 bp of this sequence (which contains the 5'-UTR) were fused to the gus4 gene



in an Agrobacterium binary vector and this construct is being transformed into tomato,

tobacco and Arabidopsis.
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Fiure 4. Alignment of cDNA and genomic sequence of petal expressed GDI fle38
Exons appear as boxes. The exons include all of the ORF and the 3> UTR.



